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ABSTRACT

Pelvic tumours can originate from the musculoskeletal system (sarcoma) or from
epithelial tissue (carcinoma) of the visceral organs or skin. Large and advanced pelvic
tumours are extremely rare and they pose a significant surgical and oncological
challenge due to their complex anatomical location. The majority of the malignant
pelvic tumours can be treated with limb salvage pelvic resection or pelvic exenteration
(PE), but most advanced or recurrent tumours will still require pelvic amputation
(hindquarter amputation or hip disarticulation). The aim of this thesis was to evaluate
the surgical, oncological and reconstructive results after surgical treatment of malignant
pelvic tumours resulting in complex pelvic defects. The secondary aim was to create
algorithms for the management of these rare tumours.

Study I comprised the retrospective evaluation of patients (n=21) undergoing
sacrectomy for primary bone malignancy. The patients were treated with the following
algorithm: Patients (n=5) with sacrectomy distal to the S3/4 level with a small soft-
tissue defect did not require any soft-tissue reconstruction. The majority of the
patients (n=11) with a moderate to large soft-tissue defect after tumour resection were
immediately reconstructed with local gluteal flaps. The largest and most complex
defects (n=5) were reconstructed in two stages: Tumour resection and spinopelvic
fixation were performed in the first operation and the wound temporarily closed with a
negative-pressure wound therapy device. Reconstruction was carried out at 7 days after
a short recovery and rehabilitation period. There were no differences in complications
between the immediate reconstruction or delayed reconstruction groups.

Study II was a retrospective chart review comprising 38 patients who underwent
PE, with 26 total pelvic exenterations (TPE), 11 posterior pelvic exenterations (PPE)
and 2 anterior pelvic exenterations (APE). One patient first underwent APE and later
required a PPE for local recurrence. The S-year overall survival (OS) was 48%. Lymph
node metastasis (HR 3.1, p=0.027) and positive surgical margins (HR 3.9, p=0.009)
were poor prognostic factors for OS. 71% of the patients experienced at least one



complication during the follow-up. 69% of the patients had a flap reconstruction and
all but one flaps were transverse myocutancous gracilis (TMG) flaps. The following
algorithm for pelvic floor and vaginal reconstruction was used: Bilateral TMG was
indicated for patients who underwent TPE and requested vaginal reconstruction and
for PPE patients whose vaginal resection was not only limited to the posterior wall of
the vagina but extended to the lateral sidewall(s) as well. Unilateral TMG was suficient
for the remainder of the cases.

Study III consisted of the evaluation of a retrospective cohort of patients (n=12)
who underwent pelvic amputation in three tertiary sarcoma units and required free flap
reconstruction. All patients were reconstructed with a free fillet flap harvested from the
amputated extremity. Three patients required reoperation due to vascular compromise.
The flap survival rate was 92% as one flap was lost due to extensive arterial thrombosis.
All the remaining flaps survived completely and provided stable coverage without
hernias or other flap-related complications during follow-up. The 3-year OS was 58%
(95%CI 26-92). 58% (n=7) of the patients were able to ambulate with crutches after
the initial rehabilitation period and none of the patients remained confined to bed.

Study IV was a retrospective study of 136 patients who underwent hindquarter
amputation (HQA) for sarcoma between 1996 and 2018 in a single tertiary referral
hospital. Bone sarcoma was the indication for the majority of the patients (67%), whilst
the remaining patients (33%) were operated on for a soft-tissue sarcoma (STS). 61% of
the operations were primary surgeries and the remainder were salvage operations for
tumour recurrence. The mean OS for bone sarcoma was 91 months (95%CI 64-117)
and 90 months (95%CI 58-123) for primary and salvage surgery patients, respectively
(p=0.727). The mean OS for soft-tissue sarcoma was 59 months (95%CI 31-89) and
13 months (95%CI 9.4-16) for patients undergoing primary and salvage surgery,
respectively (p=0.038). The 30-day mortality for patients undergoing surgery with a
curative intent was 0.8%. Six patients underwent palliative surgery and their outcome
was poor, as two patients died within two weeks after surgery. 54% of the patients had
at least one complication with 24% requiring re-operation.

In conclusion, malignant pelvic tumours are challenging to treat and are associated
with ahigh morbidity. With careful patient selection and a meticulous multidisciplinary
team approach low perioperative mortality can be achieved. Three different treatment
algorithms were introduced for sacrectomy, PE and HQA. Pedicled TMG and free flaps
provide feasible and reliable methods of reconstruction for complex pelvic defects after
oncological resection. Palliative surgery should be considered with extreme caution.
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TIVISTELMA

Lantion syopikasvain voi olla lihtoisin tukikudoksesta (sarkoomat) tai
epiteelikudoksesta (karsinoomat). Kookkaat kasvaimet ovat erittdin harvinaisia ja ne
ovat haasteellisia hoitaa lantion anatomian vuoksi. Suurin osa lantion syopikasvaimista
voidaan hoitaaalaraajan sddstavalldlantion resektiolla tailantion tyhjennysleikkauksella
(pelvic exenteration, PE), mutta osa pitkille edenneisti syopikasvaimista vaatii
edelleen lantion alueen amputaation. Tamin viitoskirjatutkimuksen tavoitteena oli
arvioida lantion alueen syopaleikkauksien jilkeisia tuloksia etenkin kirurgisen hoidon,
potilaiden selviytymisen ja kdytettyjen korjausmenetelmien osalta. Toisena tavoitteena
oli luoda algoritmi niiden potilaiden hoidon avuksi.

Potilaiden (n=21), joille tehtiin ristiluun poistoleikkaus (sakrektomia) primaarin
luusy6van vuoksi, leikkaustulokset arvioitiin takautuvasti osatyossi I. Potilaita
hoidettiin seuraavan algoritmin mukaisesti: 1) Potilaat (n=5), joille tehtiin ainoastaan
S3/4-tasoa distaalisempi sakrektomia, pehmytkudospuutos oli pieni eivitki he siten
tarvinneet pehmytkudosrekonstruktioita. 2) Potilaat (n=11), joilla oli kohtalainen
tai suuri pehmytkudospuutos, kudospuutos voitiin korjata samassa leikkauksessa,
jossa syopikasvain poistettiin. Yleisimmin kiytettyja kielekkeitd olivat paikalliset
pakaran alueen kielekkeet. 3) Kaikkein suurimmat ja vaikeimmat kudospuutokset
(n=5) korjattiin kaksivaiheisesti. Ensimmaisessi leikkauksessa poistettiin ristiluu,
jonka jilkeen lantio ja selkdranka kiinnitettiin toisiinsa. Haava peitettiin viliaikaisesti
aliapaineimusidoksella. Pehmytkudoksien korjaus toteutettiin seitsemin vuorokauden
kuluttua. Vilittoman ja viivistetyn rekonstruktion ryhmien vililla ei ollut eroja
komplikaatioiden esiintyvyydessa.

IT osaty6 koostui 38 potilaasta, joille tehtiin lantion alueen tyhjennysleikkaus. 26
potilaalle tehtiin koko lantion tyhjennysleikkaus (total pelvic exenteration, TPE), 11
potilaalle tehtiin lantion takaosan tyhjennysleikkaus (posterior pelvic exenteration,
PPE) ja kahdelle etuosan tyhjennysleikkaus (anterior pelvic exenterartion, APE).
Yhdelle potilaalle tehtiin ensin APE ja myohemmin paikallisuusiutuman vuoksi PPE.
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48 % potilaista oli elossa 5 vuoden kuluttua leikkauksesta. Imusolmukemetastaasi (HR
3.1,p=0.027) jasydpikasvaimen ulottuminen leikkausmarginaaliin (HR 3.9, p=0.009)
olivat huonoja ennustetekijoitd selviytymisen suhteen. 71 % potilaista sai vihintiin
yhden komplikaation seurannan aikana. 69 %:lla potilaista kaytettiin kieleketta
lantion kudospuutoksen korjaukseksi. Yhta kieleketta lukuun ottamatta kiytettiin
reisikielekettd (transverse myocutaneus gracilis, TMG). TMG-kicleke oli luotettava
lantionpohjan korjauksessa. Lantion pohjan ja emittimen korjauksessa kiytettiin
seuraavaa algoritmii: TPE potilaat, joille tehtiin myos uusi emitin sekd PPE potilaat,
joilla emittimen resektio ei rajoittunut vain takaseindin tarvitsivat molemminpuolisen
TMG-kielekkeen. Muilla potilailla kiytettiin yhti kieleketta.

Potilaat (n=12), joille tehtiin lantion alueen amputaatio sarkooman vuoksi ja
jotka tarvitsivat mikrokirurgisen kielekkeen kudospuutoksen korjaukseksi, tutkittiin
osatyossd III. Leikkaukset tehtiin kolmessa eri sarkoomakeskuksessa ja kaikissa
tapauksissa kiytettiin amputoidusta alaraajasta otettua mikrovaskulaarista kieleketta.
Kielekkeistd 92 % (n=11) parani tiysin. Yksi kieleke menetettiin verenkierto-ongelman
vuoksi. Kaikki parantuneet kielekkeet peittivit kudospuutoksen luotettavasti eiki
myohiisongelmia tai tyrid seuranta-aikana todettu. 58 % potilaista oli elossa 3 vuoden
kuluttua leikkauksesta.

IV osaty6 oli takautuva tutkimus, joka koostui 136 potilaasta, joille oli tehty lantion
amputaatio (hindquarter amputation, HQA) sarkooman vuoksi. Potilaat oli leikattu
vuosina 1996-2018. Suurimmalla osalla (67 %) oli luusarkooma. 61 %:lle potilaista
amputaatio oli ensimmiinen kirurginen toimenpide sarkooman vuoksi ja lopuille
amputaatio tehtiin taudin paikallisen uusiutumanvuoksi. Keskimairiinen elossaoloaika
amputaation jilkeen luusarkoomapotilailla oli 91 kuukautta (95%CI 64-117)
primaarin amputaation jilkeen ja 90 kuukautta (95%CI 58-123) paikallisuusiutuman
jilkeen (p=0.727). Pehmytkudossarkoomapotilaiden keskimiiriinen elossaoloaika oli
59 kuukautta (95%CI 31-89) primaariamputaation jilkeen ja 13 kuukautta (95%CI
9.4-16) paikallisuusiutuman jilkeen (p=0.038). 30-piivin kuolleisuus leikkauksen
jalkeen oli 0,8 % potilailla joiden hoidon tavoitteena oli pysyvi parantuminen. Kuusi
potilasta leikattiin palliatiivisella indikaatiolla. Kaksi niistd potilaista kuoli kahden
viikon sisalld leikkauksesta. 54% potilaista sai vahintaian yhden komplikaation ja 24 %
tarvitsi uusintaleikkauksen komplikaation vuoksi.

Yhteenvetona voidaan todeta, ettd lantion alueen syopikasvaimet ovat haastavia
hoitaa ja niistd aiheutuu potilaille huomattavaa sairastavuutta, mutta huolellisella
suunnittelulla ja erikoisalojen viliselld yhteistyolld leikkauskuolleisuus on matala.
Kolme erilaista algoritmii kehitettiin ristiluun poiston, lantion tyhjennysleikkauksen
ja lantion amputaation hoidon avuksi. TMG-kieleke ja mikrokirurgiset kielekkeet ovat
luotettavialantion alueen kookkaiden ja monimutkaisten kudospuutosten korjauksessa.
Pelkkai palliatiivista lantion alueen leikkausta pitdd harkita erityisen tarkasti.

viii



LIST OF ABBREVIATIONS

3D
ALT
BMI
CFA

CI

CIA

CT

DR

DFS
DSS
DIEP
DFS
DSS
EIA
ERAS
FACTBr
FIGO
FNCLCC
HQA
HR
HRQoL
A

Three-dimensional

Anterolateral thigh

Body-mass index

Common femoral artery

Confidence interval

Common iliac artery

Computed tomography

Delayed reconstruction

Disease-free survival

Disease-specific survival

Deep inferior epigastric perforator

Disease free survival

Disease specific survival

External iliac artery

Enhanced recovery after surgery

Functional Assessment of Cancer Therapy - Brain
Féderation Internationale de Gynécologie et d’Obstétrique
Fédération Nationale des Centres de Lutte Contre le Cancer
Hindquarter amputation

Hazard radio

Health-related quality of life

Internal iliac artery



IGA

IR
LRES
LR
LRES
MDT
MEFS
MRI
MSTS
NR
NPWT
(ON

PE
PROM
PROMIS

QOL-CS
SGA
STS
TESS
TME
TRAM
UPS

Inferior gluteal artery

Immediate reconstruction

Local recurrence-free survival
Local recurrence

Local recurrence-free survival
Multidisciplinary team
Metastatic free survival

Magnetic resonance imaging
Musculoskeletal Tumour Society
No reconstruction
Negative-pressure wound therapy
Overall survival

Pelvic exenteration

Patient reported outcome measures

Nationalinstitute of Health’s Patient Reported Measurement Information
System

Quality of Life for Cancer Survivors
Superior gluteal artery

Soft-tissue sarcoma

Toronto Extremity Salvage Score

Total mesorectal excision

Transverse rectus abdominis myocutaneous

Undifferentiated pleomorphic sarcoma



LIST OF ORGINAL PUBLICATIONS

The present study is based on the following original publications. The publications are

referred to in the text by their Roman numbers (I-IV).

I

IT

II1

v

Kiiski J, Kuokkanen HO, Kiiridginen M, Kaartinen IS, Pakarinen TK,
Laitinen MK. Clinical results and quality of life after reconstruction following

sacrectomy for primary bone malignancy. J Plast Reconstr Aesthet Surg. 2018
Dec;71(12):1730-1739.

Kiiski J, Raikkénen K, Vuento MH, Hyoty MK, Kallio J, Kuokkanen HO,
Kaartinen IS. Transverse myocutaneous gracilis flap reconstruction is feasible

after pelvic exenteration: 12-year surgical and oncological results. Eur J Surg

Oncol. 2019 Sep;45(9):1632-1637.

KiiskiJ, Laitinen MK, Le Nail LR, Kuokkanen HO, Peart F, Rossert P, Bourdais-
Sallot A, Jeys LM, Parry MC. Soft tissue reconstruction after pelvic amputation:
The efficacy and reliability of free fillet flap reconstruction. Submitted.

Kiiski J, Parry MC, Le Nail LR, Sumathi VP, Stevenson ], Kaartinen IS,
Jeys LM, Laitinen MK Surgical and oncological outcomes after hindquarter
amputation for sarcoma — who will benefit from the procedure? Bone Joint J.

2020 Jun;102-B(6):788-794.

The original articles have been reproduced with kind permission from the original

publishers.

xi



xii



TABLE OF CONTENTS

1 INTEOAUCTION coverirveereieiesicriisnecisisnesrsssnecssssesssassessssssessssssesssssessssssesssssessssssssssssssssanes 19
2 Review Of the LILEIAtULE .ucvveerreeecriiscirisecisisesssisnesnsssesssssesssssnessssssssssssssssanes 21
2.1 Overview of pelvic ANALOMY  ..cuuucveveeucrrermecririssecseesssessssssseesssssssesssesens 21

2.1.1 BONY PEIVIS vt sssssssssssssssanes 21

2.1.2 Vascular and neural structures .........coeeeceeeeuereeecemmecsenecennne 22

2.1.3 Pelvic floor and perineum ... 24

2.2 Tumours requiring complex pelvic SUFGEry .....corveunncerieeneenienens 25

2.2.1 BONE SAICOMA .ouvveveeitrircissinsirsse st sssss s ssesssessaeses 25

2.2.2 SOft LiSSUE SATCOMA cuurevveerecrremnecrrssaecersssecssssnecsssssssssssessssssesssssnsssssanes 26

2.2.3 CarciNOMAs ....ccueciverercisesisrissssnsiss s sssssssssssssssssssssssssssss 27

2.3 Treatments OPtIONS .....cicumiunsissssrisssissssssssisssssssssssssssssssssssssssssses 28

2.3.1 Principles of tumoUr reSECtiON ......cueurvvvurivsecissnsiisssissssicsssanee 28

2.3.2 SACIECTOMY  oucrvrrririnrinisssissississsssssssssasssssssssss s ssssssssssssassssssssenes 31

2.3.2.1 Oncological resection ........ovecennercenncsiissesisnnenns 31

2.3.2.2  Reconstruction after SaCreCtOMy ......ceveumceresnereresnenns 33

2.3.3 PelVic eXENTErAtiON ..ucveeneeeseereenerrescessnerrsseersssessssessssessessssasessenesssane 34

2.33.1 Oncological resection .......vccvivnnnessissnnssiisnnnan: 34

2.3.3.2  Reconstruction after pelvic exenteration ................... 36

2.34 PelVic aMPULALION ooeuevveenicrresncrrissirisnsssssnesssssssssssssssssssssssessssanes 39

2.34.1 Indication for amputation in oncological patients .. 39

2.3.4.2 Hip disarticulation ......ccenecrnnecernnecrinsesirnenns 39

2.34.3 Hindquarter amputation ......cciennesiiecsissnnnns 40

2.34.4 Reconstruction after pelvic amputation ... 41

2.4  Health-Related Quality of Life .....covccemnereuccmeenecriecrmieersssncessencsesenee 44

3 AIms of the STUAY ..o 46

xiii



Subjects and Methods ... sssesssssssssssanes 47

4.1  Patient identification and data collection .........cccceveveeenecrrenecernenecrinnnee 47
411 SEUAY L et sreessssenseesssaensenees 47
4.1.2 StUY IT oooeciiciicseiscssissssssesssssesssssssssssssssssssessssseses 48
4.1.3 SEUAY IIT cooeeeceieereericeieerescnsssessesensssessssesssssessssesssssensanees 48
414 StUY IV oo ssassesssssesssiseses 49
4.2 Multidisciplinary planning and pre-operative examinations  .............. 49
4.3 Surgical teChNIQUE ..o siranes 49
4.3.]1 SACIECTOMY  oouurverrrrenirresesisssnssssissesssssssssesssssssssesssssssssessssesssssssssnens 49
4.3.2 PelVIC EXCNLEIALION ..cvvereevrurrrercrrmnrriremmsensesessssessssesssssessenesssssessenees 50
4.3.3 Pelvic ampPutation  .....ccvveeeeniisnsesissssssssssesssssssssssssssssssines 51
4.4  Health-related quality of life measures .......ccccencecervnneeccersrccreeennnns 53
4.5  Statistical MEthods ... 53
RESULILS oot sssssssssss s ssssssssssssssssssssasasssssass 54
5.1  Patient demographics and indications ..........rviinnervivinnessiisisnenins 54
5.1.1 Sacrectomy (STUdY I) .oceveeeeeemceeerrmmsessmncesessssssnmnsesssssessnnsseseens 54
5.1.2 Pelvic exenteration (Study IT) ....cooceeeeemecememmnecermmmsnecersmesnccessannee 54
5.1.3 Pelvic amputation (Studies III & IV) ..occvvverevermncccerrmrmenseceenenns 55
5.2 Oncological OULCOME .....urvvenrieeciricirisisissisise s sssssessssssesssssnses 57
5.2.1 Sacrectomy (STUdY I) ..ooccceveeveeemcereremsmessnesssesssssssnesssssssssssnssseens 57
5.2.2 Pelvic exenteration (Study II) ....cooeeceeneeceemeeeesneeeeineeeesssesessneenes 58
5.2.3 Pelvic amputation (Studies III & IV) ..ccvvvererernnecrererriensseccenenns 59
5.3 SUrgical OULCOME ....couivenirinriiiciri s sssss s sssssssssssssssassisss 61
5.3.1 Sacrectomy (StUdY I) ..coccovvveeeemccrrrvrimesnnsresnssssssessssssssssassseens 61
5.3.2 Pelvic exenteration (Study IT) .....ooceceeeeumeeeeemmeeeeesemmeseesssssesessssnene 62
5.3.3 Pelvic amputation (Studies III & IV) ...cvveuecermvumecerrmeeccrrennnne 62
5.4  Reconstruction after pelvic reSECtIONS .......veeeescrveemmceresessesseesessesens 63
5.4.1 Sacrectomy (STudy I) .cceeeecermmeeceririnecerimsncssssssncssssssnecsssssanes 63
5.4.2 Pelvic exenteration (Study II) .ccceeeeeemeceereemmmemmecereesmessnccesenns 67
5.4.3 Pelvic amputation (Studies III & IV) ..vvuueecvrvvunecrrrreecerrenanne 69
5.5 COMPICALIONS  ..cccvvveurriererriiemssesissssessssssssssssssssssssssssssssssssssssssssssesons 71
5.5.1 Sacrectomy (Study I) .cceeeceeneceieceineceisnecsiinecsssseesssseessssesenes 71
5.5.2 Pelvic exenteration (Study II) ...occocveeeeeeeeceveemmmenseserersmessneesneens 71
5.5.3 Pelvic amputation (Studies IIT & IV) ..ccvvevecrverrrnecrrrrerecerrnnanne 72
5.6 Quality of life before and after pelvic SUIgery ........ouiivnnecriirnnnccinnes 72
5.6.1 Sacrectomy (STUAY I) eoceveeveeemmcrerermmessmeceresmssssmmesssssssessnseeeseens 72

Xiv



6 DISCUSSION vuieieviiicrersreiicseressisissse s ssssss s ssssssssssssssssssssssssssssssssssssssssssssssssssssssons 74
6.1  General CONSIAEIAtIONS ..ecvveeeeveeeieeeereeereeerseesseessssssessessssessssessssessssessssssses 74
6.2 Oncological OULCOME ..o ssssssasanes 74
6.3 RECONSLIUCTIVE OULCOME .vuveeieeereiesreneresensssessssesssessssessssssssssssssssessssssssasns 76
6.4 COMPLCALIONS  ecuvverneireeniriiisncriisesisisessiisesssasiesssssesssssesssssessssssssssssssssanes 80
6.5 QUAality Of [ife .. sssssssssssssssssssens 82
6.6 StrENGLRS .o 82
6.7 LIMUITATIONS ceirirririirireriisiisesesssssssesessssssssesssssssssssssssssssssssesssssssssssssssssssssssesens 83
6.8 FULUIE PEISPECTIVES ucrvernvrmsirresncermsirsessessssssssssssesssssssssessssesssssessssessssssssanens 84
7 CONCIUSIONS wrvrrevieerrieerseeeeeteeeeeseseeseseeseseesessesessssessssessssesssssssassstassssasssssssssssessssesssnssses 86
8 Acknowledgements ... 87
9 RELEIEICES vttt eeseeseessssssssssssssssssssassssassssssssssssssssssssasssensssesssessssses 89
Original PUDlICAtIONS ...ucvueeiveeecriicirieciiinsriiscsiiesisise s sssassesssssessssssessssssesssasnes 109

XV



Table of Figures
Figure 1. 3D CT-scan of the pelvic bones. Anterior (left) and posterior (right)

view of the Pelvic BONes. .......vivinecirseiiictiiecessecisiesisesesssssesssasnens 22

Figure 2. Oblique (left) and posterior (right) view of the major pelvic arteries

on 3D-reconstruction of an angio-CT. .....ccccirriennccriesnnsiisinsessissescesinns 23
Figure 3. Classification of pelvic resections. ........reuenerresmnesisssnessisssssesisssnnnas 29
Figure 4. Classification of different sacrectomies. .......ccccrcevniscriessnncsscsssnscrissnnnnas 31
Figure 5. Types of pelvic eXenterations. .......ccrcsmssssssmssssssssssssssssssssssenes 35
Figure 6. Diagram of the posterior hemipelvectomy flap. .......covcveevecvvonecvrrnecriinncnnns 41
Figure 7. Diagram of the anterior hemipelvectomy flap. ....cccovvevevnevvenncvirnccirrennns 42
Figure 8. Overall survival of the sacrectomy patients. .........c.ccceeeneceeneverssecirenenenns 57
Figure 9. Overall survival and disease-free survival after pelvic exenteration. ........ 58

Figure 10. Overall survival with or without lymph node metastasis at time of
the pelvic exenteration surgery and with RO or R1/2 resection margin. ....... 59

Figure 11. Overall survival after hindquarter amputation in studies III-IV.
STS = SOft tiSSUE SATCOMA. .ccvvvuriivunririrrsiririsrisss s sissssssssse s sssssssssssssssanes 60

Figure 12. Sacrectomy defect (on left) before mesh and bilateral gluteal muscle
reconstruction. The skin was closed directly over muscle flaps (on right). ... 63

Figure 13. Planned delayed reconstruction after hemisacrectomy with
concomitant partial L5 resection and spinopelvic fixation (top left).
Allograft bone was used to reconstruct the posterior pelvic ring (top
right). Turn-over latissimus dorsi muscle flap was used to cover the
allograft and osteosynthesis material and right lumbar artery perforator
flap was used to reconstruct the skin defect (bottom left). Post-
operative result (DOttom FiGht) ....cveucreririismssrisssesesssssssssassesssssssens 64

Figure 14. Planned delayed reconstruction after extended total sacrectomy.
Defect one week after tumour resection and spinopelvic fixation
(top lefr). Posterior pelvic ring and spinopelvic reconstructed with
autologous fibula graft (top right). The soft tissue defect reconstructed
with pedicled vastus lateralis and anterolateral thigh flaps and with
latissimus dorsi free flap (bottom left). Two weeks post operatively

(DOLEOM FIZRE). oveeerererircrrriicrrniescreriisssssiaeesssssssessssssssssssssssesssssssssssssesseesens 65

xvi



Figure 15. Algorithm for reconstructing the sacrectomy defect in study I. .............. 66
Figure 16. Algorithm for reconstructing pelvic exenteration defects in study II. ... 68

Figure 17. Reconstruction of the posterior pelvic exenteration defect
extending to lateral sidewalls of the vagina (left) and immediate
reconstruction outcome (right). ............................................................................. 68

Figure 18. Reconstruction of the total pelvic exenteration defect with vaginal
reconstruction. Pelvic floor after tumour resection (top left corner),
view from the abdominal cavity after pelvic floor reconstruction with
bilateral TMG-flaps (bottom left corner) and immediate outcome after
reconstructing pelvic floor and neovagina (right). ........c.comeeeeveereesnnecceerrrenenns 69

Figure 19. Hindquarter amputation reconstructed with posterior gluteal flap

(left). Perioperative view of the anterior thigh flap (right). ....cccccevenneccrurrneccens 70
Figure 20. Harvested fillet flap before flap inset and vascular anastomosis. ........... 70
Figure 21. Algorithm for HQA reconStruction. .........ceeremmecesmsnesesesesssssesenes 80
List of Tables
Table 1. MSTS and AJCC surgical margin classification systems. ........ccc.omecerevenneee 30
Table 2. Fédération Nationale des Centres de Lutte Contre le Cancer

(FNCLCC) grading SYSIEIM. .ecuuuccvvevueusmmnecrevmssssssmnneessssssssssnnesssssssssssnneesssssssssssnnenes 30
Table 3. Summary of the studies on free fillet flap to reconstruct hindquarter

AMPULALION dEfECE. vvueriirerniriienriii it sssessssssse s sssasssssssssssanes 43
Table 4. Patient demographics of the studies. ......ccrnecirnncririnneriisnesiieesisseesinanes 54
Table 5. Primary location of the tumour in pelvic exenteration patients. ................. 55

Table 6. Histology of the tumours in patients who underwent pelvic amputation. 56

Table 7. Overall survival at 1-, 3- and 5 years (95%CI). ...ovvveveruurmeeereemmsmeeeennssseesesnns 57
Table 8. Factors affecting overall survival in univariate model using Cox

proportional hazards model. ... 59
Table 9. Factors affecting overall survival in multivariate model. .....cccccoovvvvrunecvnnane. 59
Table 10. 1-, 3- and 5-year overall survival in study IV. ..o 60

xvii



Table 11. Mean (range) tumour size, length of stay and time in intensive care
unit, surgical time and blood loss of the studies. .......cccoccvoveriiinnccrieiircccnnens 61

Table 12. Surgical outcomes in different reconstruction groups of sacrectomy
PALICIIES. covvorrvvrrsrvsssessssssssssi s ssssssssss s sss s ssss s sss s s s as R R R ants 62

Table 13. Flaps and microvascular bone transfer used to reconstruct the
sacrectomy defects in StUdy L. ...cveuecveeecincriieciecriecrieesiieessiesssssesesssanes 67

Table 14. Rate of complications of the Studies. ......cevenererneerrineerriecrriecsisencnsanne 71

Table 15. EQ-5D index and its dimensions on patients treated in ICU with
full pre- and post-operative data. .......cceeeerneereesssecseesiesssssseesessessessesens 73

Xviil



17 INTRODUCTION

Malignant pelvic tumours continue to pose a significant challenge to the surgical/
orthopaedic and gynaecological oncologist as well as to the reconstructive surgeon.
Complete ez bloc surgical resection with adequate margins are paramount for survival
in pelvic sarcomas as well as recurrent and advanced pelvic carcinomas (Bergh et al.
2001, Zoucas et al. 2010, Mayerson, Wooldridge, and Scharschmidt 2014). The
incidence of malignant pelvic tumours is low and they often initially present with non-
specific and mild symptoms and can progress to imperceptibly large tumours (Toro
et al. 2006, Ottaviani and Jaffe 2009, Varga, Szoverfi, and Lazary 2014). The closely
located vital neurovascular, reproductive and visceral organs as well as the absence of
strong natural anatomical barriers often lead to multiorgan resections when aiming for
adequate surgical margins (Sole et al. 2014, Mayerson, Wooldridge, and Scharschmidt
2014, Chao et al. 2015, Puchner et al. 2017). The potential need to resect some of the
vital neurovascular structures as well as the high mechanical loading to the pelvic bone
are challenging issues when restoring limb function after tumour resection (Shao et al.
2015, Morris et al. 2017).

Malignant pelvic sarcomas were treated mainly with hindquarter amputation
(HQA) until the late 1970’s (Enneking and Dunham 1978, Eilber et al. 1979). The
evolution of oncological adjuvant treatment in the 1970’ lead to paradigm shift towards
limb salvage surgery (Rosen et al. 1981, Bleyer et al. 1982). Further advances in medical
imaging and the development of computed tomography (CT) and magnetic resonance
imaging (MRI) have allowed more precise pre-operative planning and examination
of the extent of the disease (Ambrose and Hounsfield 1973, Mansfield and Maudsley
1977). Therefore, the majority of pelvic sarcomas can nowadays be managed with
limb-sparing pelvic resection (Kawai et al. 1998, Nakamura et al. 2013, Mayerson,
Wooldridge, and Scharschmidt 2014, Puchner et al. 2017).

In properly selected patients, limb-salvaging pelvic resection (sometimes referred to
as internal HQA) can result in good oncological outcome in terms of overall survival
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(OS) (Shin, Rougraff, and Simon 1994, Wirbel, Schulte, and Mutschler 2001, Puchner
et al. 2017). Functional outcome after pelvic resection is reported to be superior to
HQA (Wirbel et al. 2000). However, some studies have found functional outcome and
health-related quality of life to be similar between patients following pelvic resection
and HQA (Beck et al. 2008, Griesser et al. 2012). The contemporary indications for
amputation in pelvic sarcoma are the inability to achieve adequate surgical margins
with limb salvage pelvic resection or a non-functional extremity after tumour resection.
However, there is no absolute or objective definition of a non-functional limb. The most
critical structures for preservation of reasonable function in the remainingextremity are
the femoral neurovascular bundle, sciatic nerve and hip joint. If two of these structures
need to sacrificed during the tumour resection HQA should be considered (Mayerson,
Wooldridge, and Scharschmidt 2014).

Pelvic exenteration (PE) is a complex multiorgan resection to remove all or part
of the pelvic organs for treatment of advanced or recurrent gynaecological or other
malignancies. Though it was first described as a palliative procedure (Brunschwig 1948),
it is nowadays most commonly indicated in cases of recurrent or advanced tumours
of pelvic organs with a curative intent (Marnitz et al. 2006, Ferenschild et al. 2009,
Knight et al. 2018).

Reconstruction of complex pelvic defects presents several challenges. The principle
to reconstruct ‘like-with-like’ is not often possible in cases of urogenital resection and
these defects needs to be reconstructed with alternative methods. Prior radiation therapy
and ablative surgery might have had a detrimental effect on the blood circulation of
the local tissues (Kim et al. 1997, Senchenkov et al. 2008). A patient’s overall health
status is very important; in particular, nutritional status can be compromised and there
may be limited possibilities to optimize the patient prior to major surgery with an
oncological indication (Lyell et al. 2019). In general, the objectives for complex pelvic
defect reconstruction are 1) maintain a structural integrity to allow full weight transfer
from the axial skeleton to the lower extremity; 2) stable wound cover; 3) securing the
abdominal wall and pelvic floor to prevent visceral herniation; 4) fill any dead space
and cover the spinopelvic fixation or other osteosynthesis/prosthetic devices and
5) restoration of external genitalia and vagina to allow sexual function.

The primary aim of this thesis was to evaluate the oncological, surgical and
reconstructive outcomes of patients with a malignant pelvic tumour who require
complex en bloc resection of the tumour. The secondary aim was to develop algorithms
for reconstructing complex pelvic defects after oncological resections.
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2 REVIEW OF THE LITERATURE

2.1 Overview of pelvic anatomy

The pelvis is the lower part of the trunk formed by the basin-shaped ring of the sacrum
and two innominate bones that are tightly connected with ligamentous structures. The
pelvis can be divided into the greater (false) pelvis (pelvis major) and the lesser (true)
pelvis (pelvis minor). The greater pelvis is located above the pelvic inlet and is part of
the abdominopelvic cavity containing some of the abdominal viscera. The lesser pelvis
is located between the pelvic inlet and outlet and it contains pelvic viscera including the
urinary bladder, rectum and reproductive organs. (Standring, Borley, and Gray 2008,
Moore 2018.)

211 Bony pelvis

The main functions of the bony pelvis are 1) transfer the forces from the upper body
to the lower extremities during standing and locomotion 2) provide attachments and
withstand the forces of the muscles needed for locomotion 3) protect the abdominal
and pelvic viscera (Verbruggen and Nowlan 2017).

The bony pelvis composes of four bones, a sacrum, two hip bones (o5 coxae) and a
coccyx (Figure 1). A mature hip bone is formed by the fusion of three separate bones
— ilium, ischium and pubis. The hip bones are connected anteriorly at the midline
at the pubic symphysis and articulate bilaterally with the sacrum by sacroiliac joints.
Four fused rudimental coccygeal vertebrae form the coccyx inferior to the sacrum.
(Vleeming etal. 2012, Verbruggen and Nowlan 2017, Moore 2018.)
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Figure 1. 3D CT-scan of the pelvic bones. Anterior (left) and posterior (right) view of the pelvic bones.

The pelvis is connected to the axial skeleton via strong iliolumbar ligaments and
prevertebral disc (Vleeming et al. 2012). The load of the upper body is transferred
through the sacral plateau to the pelvis and via the femoral joints to the lower extremities
(Le Huec et al. 2011).

21.2  Vascular and neural structures

The pelvic blood supply is complex with multiple anastomotic connections. Variations
in the course of specific vessels is possible. Malignant pelvic tumours can cause rich
neovascularization and displace or distend the vascular structures. (Lang et al. 1995,
Dietrich, Gehrich, and Bakaya 2008, Bilhim et al. 2014.)

The aorta divides into two common iliac arteries (CIA) in the cranial part of the
greater pelvis. The common iliac artery divides into the external (EIA) and internal
iliac arteries (IIA). The external iliac artery continues to the lower extremity as the
common femoral artery via the femoral canal (Moore 2018). The EIA is the only artery
in the pelvis that does not have a rich collateral system and therefore it cannot be ligated
without sequelae (Dietrich, Gehrich, and Bakaya 2008). The inferior epigastric and
deep circumflex iliac arteries are clinically the most important branches of the EIA for
the reconstructive plastic surgeon (Ireton, Lakhiani, and Saint-Cyr 2014, Shin et al.
2018) (Figure 2).

The lesser pelvis is supplied by the ITA, ovarian artery (originating from the aorta),
unpaired media sacral artery (originating from aorta) and unpaired superior rectal
artery (continuous with the inferior mesenteric artery). The IIA branches into anterior
and posterior divisions (Dietrich, Gehrich, and Bakaya 2008, Moore 2018). Numerous
branches of the ITA supply the pelvic viscera, pelvic and abdominal wall, gluteal region
and the upper medial thigh. The clinical importance of this is demonstrated if the
common iliac vessel is ligated in HQA. This will result in nearly a 3-fold increase in
the posterior flap necrosis rate (Senchenkov et al. 2008). The most commonly used end
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branches of the IIA for reconstructive purposes are the superior and inferior gluteal as
well as internal pudendal arteries (Unal et al. 2011, Hashimoto, Abe, and Nakanishi
2014, Georgantopoulou et al. 2014). All of these branches can be used as recipient

vessels in cases of microvascular surgery.

<K
]
h,
B
i
5&0 voi
v 100

) DAAen 1.375:10.620p
W=2396L =396 e

Figure 2. Oblique (left) and posterior (right) view of the major pelvic arteries on 3D-reconstruction of
an angio-CT.

CIA = common iliac artery, IIA = internal iliac artery, EIA = external iliac artery, CFA = common femoral artery,
DFA = deep femoral artery, SFA = superficial femoral artery, SGA = superior gluteal artery, IGA = inferior gluteal
artery.

The pelvic veins lie in close proximity to the aforementioned arteries, except for the
ovarian/testicular veins. An intercommunicating network of pelvic veins form the pelvic
venous plexus. During pelvic surgery, venous plexus haemorrhage can be challenging to
control (Hata, Kawahara, and Tomita 1998, Casal Nunez et al. 2017).

The lymph nodes of the pelvis are located adjacent to the main pelvic vessels. The
superficial inguinal pathway drains to the superficial inguinal nodes located next to
the femoral vessels. Lymph from the pelvic organs drain to the lymph nodes via four
different routes. The anterior pelvic pathway drains to the internal iliac nodes. The
lateral route drains to the external iliac nodes. The hypogastric route carries lymph
to junctional nodes located at the iliac bifurcation. The presacral route drains to the
lymphatic plexus anterior to the coccyx and sacrum and up to the common iliac nodes.
(McMahon, Rofsky, and Pedrosa 2010, Pano et al. 2011, Pano et al. 2015)

The lumbosacral plexus is formed from lumbar, sacral and coccygeal nerves
originating from the 12t thoracic to coccygeal nerve roots (Sforsini 2006, Standring,
Borley, and Gray 2008, Moore 2018). The lumbar plexus is formed by the first four
lumbar nerve roots and the lower branch of the 12t thoracic nerve root. The femoral

23



nerve, formed from the anterior rami of L2—4 nerve roots, is the largest branch of the
lumbar plexus. It descends in the groove between the psoas major and iliacus muscles
and continues into the pelvis posterolaterally and passes the inguinal ligaments to enter
the femoral triangle to continue into the thigh. The main motor function of the femoral
nerve is to innervate the hip flexors and quadriceps muscles. The sacral plexus is formed
by anterior rami of the S1-4 spinal nerves and receives branches from the L4-5 lumbar
nerve roots and runs down in the posterior pelvic wall. The sciatic nerve is the largest
nerve of the sacral plexus and the main motor nerve of the lower extremity. Its tibial
portion innervates the hamstring muscles of the thigh and the muscles of the posterior
compartment of the leg. The fibular portion innervates the muscles of the anterior and
lateral compartment of the leg. The pudendal nerve is formed from the S2—4 roots and
it innervates the levator ani muscles, coccygeus muscle, external urethral and external
anal sphincter muscles. It is the sensory nerve of the external genitalia, perineal region
and distal portion of the anal canal.

21.3  Pelvic floor and perineum

The pelvic floor is a funnel shaped structure and it separates the pelvic cavity from
perineum. The function of the pelvic floor is to support the abdominopelvic viscera,
maintain urinary and faecal continence and it forms part of the birth canal in women.
The pelvic floor is formed from four layers (from deep to superficial): endopelvic fascia,
muscular pelvic diaphragm, perineal membrane and superficial transverse perineii
(Stoker 2009). The pelvic floor is traversed by the urethral and rectal hiatuses and the
vaginal hiatus in women.

The endopelvic fascia serves as a passive support for the visceral organs. The muscular
pelvic diaphragm is formed by the levator ani muscles (iliococcygeus, puborectalis and
pubococcygeus) and the coccygeus muscle. The perineal membrane is located below the
muscular pelvic diaphragm. It is triangular shaped and in women it is connected to the
vaginal sidewalls. The muscles of the urogenital triangle are the superficial transverse
perineal muscle, bulbospongiosus muscle and the ischiocarvernosus muscle. These
muscles have both a sexual function and supportive role. (Sforsini 2006, Stoker 2009.)

The vagina is an elastic musculomembranous tube between the cervix and vestibule
of the vagina. The vagina forms an excretory tract for menstrual fluid, is part of the
birth canal and it receives the penis during sexual intercourse (Moore 2018). There
is considerable variation of the length and dimensions of the vagina (Barnhart et al.
2006).

The perineum is a diamond-shaped area lying superficial to the pelvic floor. The
anatomical borders are the pubic symphysis (anteriorly), tip of coccyx (posteriorly) and
inferior pubic rami (anterolaterally) and sacrotuberous ligaments (posterolaterally).
It can be divided into two theoretical triangles, the anterior urogenital triangle and
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the posterior anal triangle, by drawing a line between the anterior ends of the ischial
tuberosities. The central point of the perineum, the perineal body, is located at the
midpoint of this line. (Moore 2018.)

2.2 Tumours requiring complex pelvic surgery

2.21 Bone sarcoma

Primary malignant bone tumours are very rare and they account for less than 0.2%
of all malignancies registered in the EUROCARE (European Cancer Registry based
study on survival and care of cancer patients) database (Stiller et al. 2013). Of all the
malignant bone tumours, only approximately 15% are located in pelvis (Damron,
Ward, and Stewart 2007, Ottaviani and Jaffe 2009). Survival after pelvic bone sarcoma
is inferior to extremity bone sarcoma (Mirabello, Troisi, and Savage 2009, Serlo et al.
2013, Nie, Lu, and Peng 2018). Malignant bone tumours include over 25 different
subtypes (Fletcher et al. 2013).

Osteosarcoma is the most common histology of bone sarcoma, with an overall
incidence of approximately 0.3/100 000 per year. Incidence is higher in adolescence and
it is most commonly located around the knee, in the proximal tibia or distal femur. The
proportion of tumours located in the axial skeleton increases with age. Age over 40 years
and non-extremity location are poor prognostic factors for survival in osteosarcoma
(Bielack et al. 2002, Whelan et al. 2012). Conventional osteosarcoma is always a high-
grade sarcoma and it is treated with neoadjuvant chemotherapy followed by surgical
resection of the tumour. Adjuvant chemotherapy is continued after surgical treatment
(Casali, Bielack, et al. 2018). Poor response from chemotherapy and inadequate
surgical margin are independent prognostic factors for lower survival (Bielack et al.
2002). Low-grade parosteal osteosarcoma is most commonly treated with surgical
resection (Laitinen et al. 2015). Radiotherapy is not generally used in the treatment of
osteosarcoma (Casali, Bielack, et al. 2018). The 5-year disease-specific survival (DSS)
after pelvic osteosarcoma is approximately 27% (Parry et al. 2016).

Chondrosarcoma is the second most common subtype of bone sarcomas, with
an incidence around 0.2 / 100 000 per year. The median age at diagnosis is between
30 and 60 years. Chondrosarcoma often develops in the metaphyseal areas of long
bones, but it can also arise from flat bones including pelvic bones. The pelvis is the
most common location for chondrosarcoma (Fletcher et al. 2013, Stevenson et al.
2018). Chondrosarcoma is radiotherapy and chemotherapy-resistant rendering ez bloc
surgery the only curative treatment option (Casali, Bielack, et al. 2018). The 5-year
OS after pelvic chondrosarcoma is approximately 50% (Fromm et al. 2018). Tumour
grade and surgical margins are the most important prognostic factors for survival
in chondrosarcoma (Bus et al. 2018, Tsuda et al. 2019). After local recurrence (LR),
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curative treatment of recurrent pelvic chondrosarcoma requires resection of the tumour
with wide surgical margins (Laitinen et al. 2019).

Ewing sarcoma is the third most common bone sarcoma. It is most commonly
diagnosed in children and adolescence with a median age of 15 years at the time of
diagnosis, but more rarely, it can also occur in adults (Whelan et al. 2012, Stiller et
al. 2013, Serlo et al. 2013). Non-extremity location, positive surgical margins, age over
15 years and metastasis at diagnosis, all have a poor effect on survival (Cotterill et al.
2000, Serlo et al. 2015). OS without any systemic therapy is inferior to multimodal
treatment. Treatment is started with neoadjuvant chemotherapy. In the extremities,
local treatment of the tumour is surgical en bloc resection with wide margins when
feasible. In pelvic cases, surgery is quite often accompanied by radiotherapy and in axial
tumours like in the vertebrae, radiotherapy alone is quite often the only local treatment.
Intralesional surgery should always be avoided as it has a worse prognosis compared
to radiotherapy alone (Schuck et al. 2003). Adjuvant chemotherapy is administered
following the local treatment. In cases of a poor chemotherapy response, post-operative
radiotherapy or adjuvant high-dose chemotherapy can be considered to improve the
survival (Casali, Bielack, et al. 2018). In the literature, the 5-year OS after pelvic Ewing
sarcoma varies between 37%—73% (Ahmed et al. 2017, Laitinen et al. 2018).

Chordomaisaslow-growing malignant neoplasmarisingfrom persistent notochordal
elements of the spine and has an incidence of only approximately 0.5 / million per year.
Chordoma presents most commonly after the age of 50 (van Wulfften Palthe etal. 2019).
Approximately 50% of chordomas are located in the sacrum and although extremely
rare it is the most common primary malignant tumour of the sacrum (Whelan and
Davis 2018, Pillai and Govender 2018). The 5-year OS after surgical treatment for
primary sacral chordoma is around 80% (Yu et al. 2016, van Wulfften Palthe et al.
2019). LR is a negative prognostic factor for DSS in sacral chordoma. 10-year OS is
84% and 44% without and with LR (Houdek et al. 2019). Ex bloc resection with RO
margins is the aim of treatment. Post-operative radiotherapy can be included in cases
of R1 resection. High-dose proton or carbon ion therapy can be considered in cases of
unresectable disease. Chordoma is not chemotherapy sensitive and it is therefore not

indicated. (Casali, Bielack, et al. 2018)

2.2.2 Soft tissue sarcoma

STS are rare tumours originating from mesenchymal cells with an incidence of
4-5/100 000 per year (Stiller et al. 2013). However, it is not a uniform disease. STS
includes over 80 different histological entities and even more molecular subsets (Fletcher
et al. 2013). STS occurs predominantly in older adults as the incidence for people over
65 years , between 25-65 years and under 25 years are 13.1/100 000, 4.4/100 000 and
1.3/100 000, respectively (Stiller et al. 2013).
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Less than 5% of all the STSs are located in pelvic region (Toro et al. 2006,
Mastrangelo et al. 2012). The most common location of STS is the lower extremity,
accounting for nearly 30% of tumours. Of the lower extremity, 44% of the tumours
are located in the thigh (Brennan et al. 2014). In addition to pelvic sarcomas, some
proximal thigh STS will require pelvic amputation for primary or salvage therapy for
local control of the disease.

Liposarcoma and leiomyosarcoma are the most common histologies of STS, with an
incidence of less than 1/100 000 per year. The remainder of STS has an incidence of less
than 0.2/100 000 per year (Stiller et al. 2013). Undifferentiated pleomorphic sarcoma
(UPS) is relatively commonly found in a deep pelvic location, following liposarcoma
(Nakamura et al. 2013). UPS is a heterogenous group of STSs and it does not show any
evidence of a specific line of differentiation. (Fletcher et al. 2013). Favourable prognostic
factors for DSS in STS are metastasis-free at presentation, superficial location, size
under 5 cm, wide surgical margin and low grade (Brennan et al. 2014, Maretty-Nielsen
etal. 2014).

Surgical treatment with ez bloc resection with negative margins (RO resection, no
tumour on ink/margin) is the standard treatment for STS. The minimal acceptable
margin depends on multiple factors (Casali, Abecassis, et al. 2018). Marginal resection,
with planned close margin, is often considered adequate in low grade liposarcoma
(atypical lipomatous tumours). Even active surveillance has been proposed for these
tumours (Vos et al. 2019). A wide surgical margin is most commonly considered an
adequate margin for both low grade and high-grade STS. Neoadjuvant or adjuvant
radiotherapy is considered especially for deep tumours measuring over 5 cm or with close
contact to critical anatomical structures (Casali, Abecassis, et al. 2018). Neoadjuvant
and adjuvant radiotherapy have a similar effect on OS and local control. Wound
complications are more common with neoadjuvant radiotherapy, but tissue fibrosis
and late complications are more common with adjuvant radiotherapy (O’Sullivan et al.
2002, Casali, Abecassis, et al. 2018). Adjuvant chemotherapy is not routinely used for
STS (Woll et al. 2012).

2.2.3 Carcinomas

Carcinoma is a malignant neoplasm originating from epithelial cells (Kemp, Burns,
and Brown 2008). Multiple carcinomas can occur in the pelvic area, but the majority of
gynaecological, gastrointestinal and urothelial carcinomas can be treated with resection
of the tumour and/or radiotherapy or chemoradiotherapy (Benson et al. 2012, Di
Donato et al. 2012, Marth et al. 2017, Glynne-Jones et al. 2017). Only a minority of
carcinomas require complex resections of multiple tissues that require resection and
reconstruction of the pelvic floor or bony pelvis. Complete ez bloc surgical resection
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with clear margins is also paramount for patient survival in advanced and recurrent
pelvic carcinoma malignancies (Zoucas et al. 2010).

Gynaecological indication for PE is a locally advanced or recurrent central
gynaecological tumour including cervical, vaginal, vulvar and ovarian carcinomas
(Diver, Rauh-Hain, and Del Carmen 2012, Kaur et al. 2014). Local cervical carcinomas
are treated with either surgery or chemoradiotherapy depending on the Féderation
Internationale de Gynécologie et d’Obstétrique (FIGO) stage (Marth et al. 2017). Up
to 28% of patients with FIGO stage IB-IIA will have a recurrence (Landoni et al. 2017).
Advanced (FIGO IVa) stage or recurrence is an indication for PE after chemotherapy
(Marth et al. 2017). The 5-year OS after PE for cervical cancer is 37% (Marnitz et
al. 2006). PE is indicated in selected cases of advanced uterine tumours, including
carcinomas, carcinosarcomas and sarcomas. The 5-year OS of patients undergoing PE
for uterine tumours is 40%. Patients with endometroid and sarcoma histology had
a tendency for better survival, with 50% and 66% 5-year OS, respectively (Khoury-
Collado et al. 2012). Chemoradiation is often preferred for advanced stage I1I/IV
vulvar cancer. PE is often considered as a salvage therapy after possible recurrence. The
5-year OS after PE for advanced vulvar carcinoma was 67% for primary disease and
59% for recurrent disease (Forner and Lampe 2012).

Up to 33% of rectal carcinoma patients present initially with locally advanced
disease. Neoadjuvant radiotherapy or chemotherapy and total mesorectal excision
(TME) will achieve clear surgical margins in 90% of patients and a low recurrence
rate (MacFarlane, Ryall, and Heald 1993, Law and Chu 2004). En bloc resection is
paramount for survival in cases of locally advanced colorectal carcinoma (McGlone,
Bernie, and Elliott 1982, Hunter, Ryan, and Schultz 1987). PE is therefore indicated in
advanced colorectal carcinoma after MDT evaluation. RO resection and node-negative
status are the most important prognostic factors for survival. Contraindications for
PE in advanced colorectal carcinoma are major comorbidities, technically impossible
RO resection, metastatic disease or patient not consenting to the surgery (Davies et al.
2011). Survival after PE for primary advanced or recurrent rectal carcinoma is 78% and
65%, respectively. Positive lymph node status and positive surgical margins are the only
factors affecting survival in the multivariate model (Bhangu et al. 2014).

2.3 Treatments options

2.31  Principles of tumour resection

Pelvic tumours can be surgically treated with pelvic resection (sometimes referred
to as internal hemipelvectomy or internal hindquarter amputation) or with HQA
(sometimes referred as hemipelvectomy or external hemipelvectomy). The type of pelvic
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resection can be defined according to the Enneking and Dunham classification (Figure

3) (Enneking and Dunham 1978).

Figure 3. Classification of pelvic resections.

The definition of surgical margins in surgical oncology is not uniform. The most
commonly used methods for reportingsurgical marginsare the Musculoskeletal Tumour
Society (MSTS) system (Enncking, Spanier, and Goodman 1980), the American Joint
Committee on Cancer (AJCC) R system (Amin et al. 2017) or measuring the margins
in millimetres as recommended by the College of American Pathologists and the
Association of Directors of Anatomic and Surgical Pathology (Table 1). The tumour
grade is determined in this thesis according to the Fédération Nationale des Centres
de Lutte Contre le Cancer (FNCLCC) grading system (Table 2) (Trojani et al. 1984,
Guillou et al. 1997).
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Table 1. MSTS and AJCC surgical margin classification systems.

MSTS

Intralesional Macroscopic or microscopic tumour on margin

Marginal Resection on the pseudocapsule or through the reactive zone around the tumour
Wide The presence of normal tissue between the tumour and margin

Radical Entire anatomical compartment resected

AJCC

RO No residual disease No tumour on margin/ink

R1 Microscopic residual tumour Tumour on margin/ink

R2 Macroscopic residual tumour Macroscopically incomplete resection

Table 2. Fédération Nationale des Centres de Lutte Contre le Cancer (FNCLCC) grading system.
The grade is determined by the sum of the three criteria. Grade 1 = <3 points, grade 2 = 4-5 points, grade 3 26
points.

Tumour differentiation Necrosis Mitotic count /10 high
power fields
1: Well 0:No 1:<10
2: Moderate 1: <50% 2:10-19
3: Poor 2:250% 3:220

The adequacy of the surgical margins not only depends on millimetres, but also on
the histological subtype and grade of the tumour, preoperative or postoperative
radiotherapy, and possible presence of resistant anatomical barriers (fascia, periosteum,
perineurium, etc) on the surgical margin (Casali, Abecassis, et al. 2018). Planned close or
positive margins when combined with radiotherapy yields similar local control to wide
excision for STS. Unplanned positive surgical margins in contrast, is associated with a
high LR (Gerrand et al. 2001). For STS, myxofibrosarcoma and dermatofibrosarcoma
protuberans have an infiltrative pattern rather than the more common pushing type
pattern and they have a higher rate of LR when compared to other STSs (Hersant et al.
2013, Crago and Brennan 2015, Scoccianti et al. 2016).

In chondrosarcoma, a surgical margin of >4mm yields a reduction in LR compared
to a lesser margin (Stevenson et al. 2018). In a recent meta-analysis, osteosarcoma
patients who had a marginal vs. wide margin had a higher risk for LR (OR 3.66, 95%
CI 1.41-9.52). The meta-analysis did not however define the criteria for a wide margin
(He et al. 2016). On the other hand, in high-grade osteosarcoma, the response to
chemotherapy in addition to margin is a significant factor in both local control as well
as overall survival (Jeys et al. 2017). Surgical margins of 22mm reduces the risk of LR
in osteosarcoma (Cates 2017, Jeys et al. 2017).

30



2.3.2  Sacrectomy

2.3.21 Oncological resection

Sacrectomy is a rare procedure due to the very low incidence of sacral tumours. It was
first performed by Bowers in 1945 for giant cell tumour of the sacrum (Bowers 1948).
Depending on the extent of the tumour extension, they can be treated with partial
(distal) sacrectomy, total sacrectomy, (sagittal) hemisacrectomy or extended sacrectomy
(Li et al. 2011, Fourney et al. 2005). Extended sacrectomy includes resection of the
lumbar vertebrae (Figure 4). In extensive pelvic tumours, sacrectomy can be combined
with ez bloc PE (Sasikumar et al. 2017).
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Figure 4. Classification of different sacrectomies.

Sacrectomy can be performed through the posterior or combined anterior-posterior
approach. Total sacrectomy is most commonly performed with a combined approach.
The anterior procedure begins with the patient in the supine position. An abdominal
incision is performed and care is taken to preserve the inferior epigastric vessels and
their perforators especially if a transabdominal pedicled vertical rectus abdominal
myocutaneus (VRAM) flap is planned for reconstruction (Garvey et al. 2013).
Depending on tumour extension, the distal part of the sigmoid colon and rectum are
either mobilised from the sacrum or resected along with the tumour. The internal iliac,
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middle sacral and tumour vessels are all ligated. The sacral nerves are transected. After
completing the anterior resection of the tumour, the abdominal incision is closed, and
a possible colostomy is performed. The patient is then turned to the prone position.
The posterior incision and possible gluteal flaps are developed. The sacrum is exposed,
taking care to preserve an adequate soft tissue margin considering the prior biopsy track
and/or surgery. A L5 laminectomy is performed and the dural sac is ligated and cut.
Finally, bilateral osteotomies are performed, and the sacrum is removed. (Zhang et al.
2003, Li et al. 2011, Garvey et al. 2013.) The posterior-only approach has also been
described for total sacrectomy. (Zang et al. 2015.)

Partial sacrectomy is most commonly performed with a similar surgical technique as
for total sacrectomy if the resection is at the S2-level. Surgery is usually carried out with
a posterior approach for more distal sacrectomies when no bowel surgery is necessary
(Fourney et al. 2005).

Function after sacrectomy depends on the level of sacral resection. All patients
who undergo bilateral nerve root resection above the S1 level have major disabilities
with motor, bowel, urinary and sexual functions. Approximately half of the patients
who have sparing of both S1-roots will regain a near normal gait, but over 95% will
have major problems with urinary and bowel function. 94% of the patients will regain
normal gait after sparing of bilateral S2-roots, but less than half will retain normal
bowel and bladder function. Sparing of bilateral S2- and unilateral S3-roots will result
in normal gait in all patients and only a 10% risk of a major problem in bowel and
bladder function. More distal resections result in a near normal gait and normal urinary
and bowel function. (Zoccali et al. 2016.)

Post-operative patient-reported outcome measures (PROM) after sacrectomy
correlate with the level of nerve root resection. Resection of bilateral S3-nerve roots
results in an inferior PROM on mental health and physical health scores compared
to patients that had a more caudal resection. Resection of S2-nerve roots yielded a
lower orgasm score compared to that measured on the National institute of Health’s
Patient Reported Measurement Information System (PROMIS) (van Wulfften Palthe,
Houdek, et al. 2017). In a qualitative interview study, patients expressed that they are
satisfied with the immediate care after sacrectomy but would need more information on
the long-term recovery and functional outcome. All patients experienced chronic pain
and especially an inability to sit for a prolonged time. This impacted on the patients’
quality of life in many aspects. The majority of patients in the study had sacrectomy at
the S1-2 or $2-3 level (Davidge et al. 2010).

Survival after sacrectomy for chordoma is associated with local control of the disease.
The 5-, 10- and 15-year OS after sacrectomy are 88%, 69% and 61% without LR and
only 76%, 37% and 16% with LR . Female gender, age under 65 years, wide surgical
margins and adjuvant therapy are associated with a better survival in a systematic
review (Kerekes et al. 2019, Fujiwara et al. 2020). The 5-year OS after sacrectomy for
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osteosarcoma is less than 40% (Wang et al. 2017). The mean OS after ez bloc sacrectomy
with PE for recurrent rectal carcinoma is 123 months for a RO resection and 8 months
for a R1 resection (Sasikumar et al. 2017).

2.3.2.2 Reconstruction after sacrectomy

The aims of reconstruction after sacretomy are (Reynolds et al. 2016):
1) The restoration of spinopelvic continuity if it has been disrupted
2) Securing the posterior pelvic wall to prevent internal organ prolapse
3) Filling of the dead space

4) Closure of the wound with minimal tension

In addition to a large soft tissue and bone defect, total sacrectomy will result in a
spinopelvic discontinuity. A recent systematic review with expert recommendations
concluded that all total sacrectomy patients should undergo spinopelvic reconstruction
when ilio-lumbar stability is lost (Reynolds et al. 2016). Anterior spinal column support
in spinopelvic reconstruction might improve surgical outcomes (Bederman et al. 2014).
Bone reconstruction after sacrectomy is carried out with allogenous or autogenous bone
grafts, extracorporeal radiation therapy and reimplantation or with a custom-made
prosthesis. Autogenous bone reconstruction options are vascularized bone graft transfer
or the more commonly used non-vascularized bone grafts (Choudry, Moran, and
Karacor 2006, Arkader, Yang, and Tolo 2012). More recently 3D printed customized
sacrum prostheses have been introduced, but long-term results are lacking (Goodwin
et al. 2019, Wei et al. 2019). In extracorporeal radiation and reimplantation, ez bloc
sacrectomy is carried out, the sacrum is irradiated at 200 grays during the operation and
reimplanted (Nishizawa et al. 2014, Goodwin et al. 2019). Reconstruction is usually
accompanied with fixation using a rod-screw spinopelvic system (Zhang et al. 2003).

For a total sacrectomy defect, the most commonly used flap for soft tissue
reconstruction is the pedicled VRAM flap. The VRAM flap was first described by
Mathes and Bostwick (1977) and was used for pelvic floor reconstruction by Shukla
and Hughes (1984). It has a constant vascular pedicle of the inferior epigastric artery
and vein, and it provides adequate bulk of soft tissue to reconstruct the defect. The flap
is harvested in the supine position prior to the anterior approach for sacral resection.
(Miles et al. 2000, Garvey et al. 2011, Kim et al. 2015). The VRAM flap is versatile and
can be used in cases of planned staged resection and reconstruction. A flow-through
VRAM flap can provide donor vessels for microvascular bone transfer if needed
(Garvey et al. 2013). Previous abdominal surgery can be a contraindication for the use
of the VRAM flap (Miles et al. 2000).

Pedicled gluteal muscle flaps are Mathes and Nahai type IIT muscle flaps. Bilaterally
they have been used especially when the posterior only approach is used. The posterior
pelvic floor is usually reconstructed with a biological or synthetic mesh. The latissimus
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dorsi (LD) muscle provides a Mathes and Nahai type V muscle flap. It is most commonly
used with its dominant pedicle, the thoracodorsal vessel, but it can also be utilized as
a turn-over flap with its minor pedicles in limited cases (Kim et al. 2015). The VRAM
flap donor site complication rate is about 25% with a 2-12% abdominal wall hernia rate.
(Maricevich et al. 2014, Houdek et al. 2018). A recent meta-analysis demonstrated a
pooled complication rate of 37% and 50% for gluteal flap and VRAM reconstructions,
respectively (Asaad et al. 2020). Free flap reconstruction is indicated if the VRAM flap
is not available due to previous surgery or radiotherapy or when the gluteus muscle or
turn-over LD flap does not provide adequate tissue bulk (Miles et al. 2000, Garvey et
al. 2011, Kim et al. 2015).

Partial sacrectomy results in more heterogenous defects than total sacrectomy.
Garvey et al (2011) have published an algorithm for partial sacrectomy reconstruction.
The algorithm factors are the volume of the defect, presence of radiation-induced
fibrosis and patency of the local vessels. Small (<400cm?) and medium (400-2000cm?)
volume defects are most commonly reconstructed with gluteal flaps when their
pedicles are patent. A free flap is indicated if local tissues (due to radiation fibrosis or
compromised gluteal vessels) are unavailable. The VRAM flap is not feasible, because
of the bulkiness of the flap, for small defects but is useful in large (>2000cm?) volume
defect reconstruction. In the case of a frozen abdomen, gluteal, thigh or free flaps are
appropriate.

Only a few publications have addressed the timing of the reconstruction. The MD
Anderson group have described three-stage total sacrectomy procedures, where the
stages are performed in two or three separate surgeries depending on the duration of
the operation and homeostasis of the patient. In their protocol, the first stage is the
abdominal approach to sacrectomy, harvesting of a VRAM flap and free fibula flap
(leaving the fibula flap perfused on the peroneal vessels) and saphenous vein graft
harvest. The second stage is performed in the prone position. The sacrectomy and
spinopelvic fixation are completed and the VRAM flap is retrieved. The third stage
includes completing the harvest of the fibula, osteotomy and anastomosing of the
peroneal vessels to the deep inferior epigastric vessels run-off of the VR AM flap. Finally,
the VRAM flap is used to close the defect. (Garvey et al. 2013.). Staged sacrectomy
has been shown to reduce blood transfusion, length of stay and wund complications

(Ramamurthy et al. 2009).

2.3.3  Pelvic exenteration

2.3.31  Oncological resection

Pelvic exenteration (PE) is a complex surgical procedure involving partial or total
removal of the pelvic organs. PE was first described by Brunschwigin 1948 as a palliative
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procedure, but PE is now mainly performed in selected patients with a curative intent
(Brunschwig 1948, Brown, Solomon, and Koh 2017).

Total pelvic exenteration (TPE) includes removal of the rectum, genital organs, and
bladder. Anterior pelvic exenteration (APE) includes partial or total removal of the
vagina, removal of the uterus and bladder. Posterior pelvic exenteration (PPE) includes
partial or total removal of the vagina, removal of the uterus and rectum. Types of PE are
summarised in Figure 5. Based on the extent of surgical resection, pelvic exenterations
are classified as type I (supralevator), type II (infralevator), or type I1I (infralevator with
vulvectomy) (Magrina, Stanhope, and Weaver 1997).

Figure 5. Types of pelvic exenterations.

TPE = total pelvic exenteration (black solid line), PPE = posterior pelvic exenteration (grey dashed line), APE =
anterior pelvic exenteration (white dotted line).

PE is generally performed after failed primary therapy (for locally recurrent disease)
or in locally advanced stages. Fibrosis following previous radiotherapy or surgery or a
locally advanced tumour will result in obliteration of normal anatomical tissue planes.
The pelvis can be divided into five arbitrary compartments: central, anterior, posterior
and two lateral compartments. Achieving a RO resection in these conditions requires an
extensive and extra-anatomical compartmental surgical approach analogous to sarcoma
surgery rather than the conventional colorectal approach whereby natural tissue planes
are used within compartments. (Koh et al. 2017.)
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PE originally included the resection of the central compartment as it was mainly
used for treatment of cervical cancer (Brown, Solomon, and Koh 2017). The first ez bloc
resections that included bony resection were carried out in the late 1960’s by Brunschwig
(Brunschwig and Barber 1969). Posterior compartment resection including partial or
total sacrectomy are currently performed in many units with a 5-year OS being between
24-46% and with a perioperative mortality of <5%. The complication rate remains
high, at approximately 75% (Milne et al. 2014, Bosman et al. 2014, Colibaseanu et al.
2014). The anterior margin is usually feasible with normal dissection along the Retzius
retropubic space. If the tumour extends anteriorly, pubic bone can be resected along
with the genitourinal structures (Solomon, Austin, et al. 2015). A RO resection can
be achieved in up to 76% of patients with this technique (Austin et al. 2016). Lateral
sidewall involvement has long been considered a contraindication for PE due to the
inability to achieve clear surgical margins (Pawlik, Skibber, and Rodriguez-Bigas 2006).
Lateral compartment resection during PE is however nowadays considered feasible. A
RO resection can be obtained in 67% of these patients (Solomon, Brown, et al. 2015).
With a radical and compartmental approach together with vascular resection, clear
surgical margins can be achieved in approximately 50% of the cases involving the iliac
vessels (Austin and Solomon 2009).

Oncological outcome after PE has improved during the last 70 years. For
gynaccological malignancies 5-year OS survival is approximately 40% (Westin et al.
2014, Baiocchi et al. 2012). The 5-year OS for rectal cancer is around 30%. Patients who
undergo PE for advanced primary cancer have a significantly better 5-year OS, when
compared to patients operated on for recurrent cancer. (Platt, Dovell, and Smolarek
2018) Although perioperative mortality has declined over time, morbidity related to
PE has remained high, as up to 86% of the patients experience at least one complication.
(Matsuo et al. 2019, Platt, Dovell, and Smolarek 2018).

2.3.3.2 Reconstruction after pelvic exenteration

The reconstructive phase after TPE consist four parts:
1) Construction of urinary diversion
2)

3)

4) Reconstruction of the vagina to allow sexual intercourse

Performing the colostomy or low rectal anastomosis

Securing the pelvic floor to prevent internal organ prolapse

Patients undergoing TPE or APE will need urinary diversion because the bladder is
resected ez bloc with the tumour. In Brunschwig’s (1948) original publication, ureters
were neo-implanted to the proximal colon as a wet colostomy. For over 70 years, the
Bricker’s ileal conduit, has been the main method of urinary diversion after PE surgery
(Bricker 1950). Continent urinary diversions are associated with similar post-operative
morbidity when compared to non-continent diversions, except for a higher incidence of
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urinary stone formation (Urh et al. 2013). The majority of PE patients are reconstructed
with the lower morbidity non-continent ileal conduit.

Patients undergoing TPE or PPE require either a low rectal anastomosis or a
permanent colostomy. Low rectal anastomosis can only be considered in the case of
supralevator PE (Ungar and Palfalvi 2006). The risk of anastomotic leakage or fistulas
is about 8% and 35% for nonirradiated and irradiated patients, respectively (Angioli et
al. 2003). The incidence of colostomy has increased in recent years. Approximately 70%
of patients had a colostomy in a population-based study (Matsuo et al. 2019).

Pelvic floor reconstruction is important to prevent fistula formation after PE
(Miller et al. 1995). The omental flap was the first flap used to address the empty pelvic
syndrome (Valle and Ferraris 1969). The omental flap fills the pelvic cavity and reduces
the pelvic infection rate. However, it is not always available and does not necessarily
have sufficient volume to fill the defects. Furthermore, it does not offer any structural
support cither (Miyamoto et al. 2016). Absorbable and non-absorbable mesh as well
as other avascular materials have a high incidence of urinary and/or bowel fistulas.
Some centers have even abandoned their use because of the high morbidity related to
them (Goldberg et al. 2006). An absorbable synthetic mesh together with an omental
flap have been used in pelvic floor reconstruction after PE with a low number of post-
operative fistulas (Lee et al. 2019). Even breast implants have been used as an obturator
in pelvic cavities to prevent herniation and for filling of the dead space (Valle et al. 2011,
Carboni et al. 2019).

Primary closure, when compared to the use of myocutancous flaps, results in twice
as much perineal wound complications according to a systematic review and meta-
analysis (Devulapalli et al. 2016). The VRAM flap has been used in many units as a
workhorse for pelvic floor reconstruction following oncological resections (Goldberg
et al. 2006, Nelson and Butler 2009, Horch et al. 2014). Donor site complications or
delayed donor site healing after VRAM flap reconstruction ranges from 6% to 15%
(Nelson and Butler 2009, Horch et al. 2014). Contralateral component separation has
been proposed to facilitate a tension-free fascial closure of the VRAM flap donor site to
reduce donor site herniation and other complication rates (Espinosa-de-Los-Monteros
et al. 2016). One study demonstrated how the VRAM flap was associated with a lower
incidence of major complications, both at the recipient and donor site, than thigh-based
flaps. This study included myocutaneous gracilis flaps, anterolateral thigh (ALT) flaps
and posterior thigh flaps in the thigh cohort of the study (Nelson and Butler 2009). In
aretrospective study from Stein et al, VRAM and gracilis flaps were used to reconstruct
the PE defects and the outcomes and complication rates were similar across both groups.
When the gracilis flap was used as a muscle only flap, total wound healing time was
faster in comparison to the myocutancous flap (Stein et al. 2019). The myocutancous
gracilis flap is a Mathes and Nahai type II muscle flap. It was originally designed with
vertical skin paddle (McCraw et al. 1976, Wheeless et al. 1979, Berek, Hacker, and
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Lagasse 1984). Schoeller et al. (2008) first published the transverse myocutaneous
gracilis (TMG) flap for microvascular breast reconstruction. They demonstrated that
the transverse skin island over the gracilis muscle is reliable and offers up to 30cm of
well vascularized skin. The TMG flap has also been shown to be reliable for pelvic floor
and vaginal reconstruction following PE (Kaartinen et al. 2015). Other flaps that have
been described for pelvic floor reconstruction are the ALT and vastus lateralis flaps (di
Summa et al. 2016). The LD free flap has also been described for reconstructing large
PE defects (Abdou et al. 2016).

Vaginal reconstruction is indicated after partial vaginal resections or after TPE for
patients who request it. The neovagina can be reconstructed concurrently with pelvic
floor reconstruction. For total vaginal reconstruction after PE, numerous techniques
have been used. The first flap to reconstruct the neovagina was performed with
myocutancous gracilis flaps with a vertical skin island (McCraw et al. 1976). However,
the vertical skin island over the gracilis muscle has an unreliable perfusion and a high
rate of skin necrosis, up to 38%, was observed in early published series (Copeland
et al. 1989, Cain et al. 1989). The TMG flap, in which the skin island is orientated
transversely over the gracilis muscle, has overcome these skin perfusion complications
and has been successfully used for pelvic floor and vaginal reconstruction after PE
(Kaartinen et al. 2015). The omental flap, with skin grafting, has been mostly used
in the late 20" century (Berek, Hacker, and Lagasse 1984, Wheeless 1989, Kusiak
and Rosenblum 1996). Transposition of a right colon segment to create a neovagina
is possible after supralevator PE when the pelvic floor remains intact (Bridoux et al.
2010). The VRAM flap was shown to have a lower complication rate (vaginal stenosis,
necrosis, and colon anastomosis leakage) compared to the Singapore flap (Jurado et al.
2009). The Singapore flap is a pudendal thigh fasciocutaneus flap mainly supplied by
the posterior labial (scrotal) vessels (Wee and Joseph 1989, Tham et al. 2010). In one
study, the deep inferior epigastric perforator (DIEP) flap had a better total flap survival
compared to the transverse rectus abdominis myocutanecous (TRAM) flap (100% vs.
62%). The DIEP cohort also had a significantly lower donor site morbidity (0% vs 19%)
(Qiu, Jurado, and Hontanilla 2013). In McArdle’s (2012) systematic review, about 50%
of the patients who underwent vaginal reconstruction were sexually active after surgery.

Cordeiro et al. (2002) proposed a classification system for vaginal defects. Type
I defects are partial and are further divided into IA (anterior or lateral wall) and IB
(posterior wall). Type II defects are circumferential. Type ITA defects affect the upper
two-thirds of the vagina and IIB defects include total vaginal resection. Type IA defects
were reconstructed with the Singapore flap and IB defects with the VRAM flap. Type
ITA defects were mostly reconstructed with the VRAM flap and in one case with a
colon flap. Type IIB defects were reconstructed with bilateral myocutaneous gracilis
flaps with vertical skin islands. (Cordeiro, Pusic, and Disa 2002, Pusic and Mehrara
2006.)
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2.3.4  Pelvic amputation

2.3.4.1 Indication for amputation in oncological patients

Limb salvage has been the primary aim of management of pelvic sarcomas since the
end of the 1970’s (Enneking and Dunham 1978, Eilber et al. 1979). The oncological
outcome of patients who are treated with pelvic resection instead of pelvic amputation
is similar when adequate surgical margins are achieved (Shin, Rougraff, and Simon
1994, Wirbel et al. 2000, Wirbel, Schulte, and Mutschler 2001, Puchner et al. 2017).

The current indication for pelvic amputation is inability to achieve adequate surgical
margins or an unusable limb after tumour resection. However, there is no objective
definition of an unusable limb. The resection of either the femoral or sciatic nerve alone
is not an indication for amputation. The femoral vessels can be reconstructed if resected.
(Mavrogenis et al. 2012). The three most vital structures for a well-functioning limb
are the sciatic nerve, femoral neurovascular bundle and the hip joint. If two of these
are resected, HQA should be considered over limb salvage (O’Connor and Sim 1989).
These factors should be evaluated in the preoperative MDT meeting when a surgical
approach is planned.

The World Health Organization (WHO) defines palliative care as an approach
that neither postpones nor hastens death but instead provides relief from pain and
amelioration of other distressing symptoms (WHO 2020). The term palliative surgery
is not unequivocally defined in the literature. It can be defined, as in this thesis, as
the sole intent to relieve or prevent symptoms. It can also be defined postoperatively
in which the primary aim of surgery was curative but failed to do so (McCahill et
al. 2002). This definition by outcome and not as intention is problematic as it makes
informed consent and patient counselling difficult (Hofmann, Haheim, and Serecide
2005). For carefully selected patients with pathological fractures, a fungating tumour
or other severe symptoms, major palliative surgery with amputation has increased their
quality of life and decreased pain with a low perioperative mortality (Merimsky et al.
1997, Daigeler et al. 2009).

2.3.4.2 Hip disarticulation

Hip disarticulation was first performed in 1774 by Perault, before the modern
anaesthesia era (Kaufman and Wakelin 2004). In elective surgery, the most common
indication for hip disarticulation is a malignant tumour (Endean et al. 1991, Wakelin,
Oliver, and Kaufman 2004, Yari, Dijkstra, and Geertzen 2008).

In the hip disarticulation procedure, the patient is most commonly placed in
the lateral decubital position. A racket type or inguinal skin incision is made and
the neurovascular bundle in the femoral triangle is exposed. The femoral vessels are
ligated and the femoral nerve divided. The adductor, psoas and gracilis muscles are all
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divided at their insertion. The hamstring and gluteal muscles are divided and the joint
is opened, the round ligament divided and the extremity is removed (Wakelin, Oliver,
and Kaufman 2004). The wound is closed most commonly with a posterior flap to fill
the acetabulum. For posterior tumours, the gluteal muscles can be resected along with
the leg. In cases of a large resection of the buttock region either an anterior/medial flap
or free flap can be used to cover the wound (Jain et al. 2005, Roulet et al. 2019).

The outcome after hip disarticulation for sarcoma remains poor. The 5-year OS is
less than 30% and none of the patients with synchronous metastasis survived over 12

months (Jain et al. 2005).

2.3.4.3 Hindquarter amputation

In spite of advanced oncological treatments, limb salvage for patients with pelvic
tumours is not always possible. However, hindquarter amputation (HQA) still has a
role in orthopaedic oncology. HQA (or hemipelvectomy) implies the removal of one
side of hemipelvis along with the lower extremity.

HQA was first attempted by Billroth in 1889, but the patient died within a few
hours after operation. The procedure was first successfully performed by Girard in
1895 (Werne 1953). The most common indication for hindquarter amputation was
originally, as well as recently, a malignant tumour around the pelvis and proximal thigh
(Yari, Dijkstra, and Geertzen 2008).

Surgical resection is determined by the histology of the tumour and location of
the lesion. Reconstruction is dictated by the resection and the remaining structures.
The procedure requires a multidisciplinary team approach and the patient and family
should undergo thorough preoperative counselling to discuss morbidity and mortality,
as well as the extensive rehabilitation process and life expectancy.

Hindquarter amputation causes a high degree of disability. The functional outcome
after lower extremity amputation is generally inversely proportional to the level of
amputation. Functional outcome after hindquarter amputation is obviously limited.
Approximately 40% of the amputees prefer to use an external prosthesis, but the most
common reason for not using a prosthesis is that they haven’t been offered one (Houdek,
Kralovec, and Andrews 2014). Hindquarter amputees perform better in a 400 metre
walk, 5 metre walk and a timed up-and-go test with crutches when compared to patients
walking with only a prosthesis. There is no difference for stair climb speed between the
groups (Houdek et al. 2016). The majority of the amputees use their prosthesis for less
than 8 hours a day (Yari, Dijkstra, and Geertzen 2008).

The 5 year OS for all sarcomas, after HQA with a curative intent, is approximately
40% (Grimer et al. 2013, Guder et al. 2015, van Houdt et al. 2018). Large tumour size
(>15cm) and age over 65 years have been associated with an inferior OS (van Houdt
et al. 2018), but this finding is not consistent (Grimer et al. 2013). Mean OS after
amputation for a palliative intent is less than six months (van Houdt et al. 2018).
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2.3.4.4 Reconstruction after pelvic amputation

Reconstruction after pelvic amputation requires (Knox et al. 2006):
1) Securing the abdominopelvic wall to prevent organ prolapse

2) Filling the dead space

3) Tension-free wound closure with well-vascularized tissue

The hemipelvectomy musculocutaneous flap is most commonly sufficient to provide
adequate tissue to secure the abdominopelvic wall. Less than 2% of the patients required
cither a biologic or synthetic mesh reconstruction in a large 160 patient retrospective
cohort study (Senchenkov et al. 2009).

Tumour extension and resection of the tumour determines the available locoregional
tissues available for wound reconstruction. The posterior flap closure is most
commonly used for reconstructing the hindquarter amputation defect, accounting for
approximately 2/3 of the flaps commonly used (Figure 6). The second most common
type of closure is the anterior flap based on the femoral vascular system (Figure 7).
Up to 90% of hindquarter defects can be reconstructed with these two standard flaps.
(Senchenkov et al. 2008.)

A minority of hindquarter amputation patients require more complex reconstructive
surgical procedures. When standard wound closure is not sufficient, the composite

pelvic defect can be reconstructed with regional pedicled flaps, pedicled fillet flaps

Figure 6. Diagram of the posterior hemipelvectomy flap.
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Figure 7. Diagram of the anterior hemipelvectomy flap.

or microvascular free flaps (Ross et al. 1998, Knox et al. 2006, Mat Saad et al. 2012,
Kreutz-Rodrigues et al. 2019).

Regional flaps. Several locoregional flaps are available for reconstruction. The
VRAM flap based on the inferior epigastric vessels, can be harvested on the ipsilateral
or contralateral side. The ipsilateral VRAM flap has an increased risk of vascular
compromise as the resection or retraction of the tissues can compromise flap perfusion
(Ross et al. 1998). The majority of VRAM flaps are currently used in salvage situations
after failed primary closure (Senchenkov et al. 2009). The latissimus dorsi turnover flap
can be used for smaller defects on the posterior pelvis (Ross et al. 1998). Limitations
of regional flaps include insufficient arc of rotation and insufficient amount of tissue.
Potential donor site morbidity has to be considered, as these patients will already suffer
from impaired gait and mobility.

Pedicled fillet flaps. Fillet flaps are harvested from the amputated or otherwise
sacrificed extremity. The major advantage of the fillet flap is that it can often
provide a large amount of well-vascularized tissue, without any donor site morbidity
(Kuntscher et al. 2001). The thigh fillet flap includes all or selected femoral muscles
and is available when external iliac and femoral vessels can be spared. The total thigh
flap is a modification of the anterior flap where both the superficial and deep femoral
vessels are utilized to harvest all the thigh muscles and skin (Senchenkov et al. 2009).
A fillet flap from the lower extremity can be used for a hindquarter amputation defect
reconstruction ecither as a pedicled or free flap (Kreutz-Rodrigues et al. 2019). Fillet
osteocutaneous flaps have also been used to reconstruct the pelvic ring in selected cases.
These constitute only single cases or small case series and the effect on mobility, sitting
balance or other functional outcomes has not been well documented. The femur, tibia
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and fibula bones have all been used for pelvic ring reconstruction (McKnight et al.
2013, Talarczyk et al. 2013, Kreutz-Rodrigues et al. 2019).

Free flaps. Microvascular free flaps offer a means to reconstruct large defects after
hindquarter amputation. The flap size and reach are not limited by the availability of
locoregional tissue, but the flap can be tailored to cover the defect. Free flaps have been
successfully used to cover hindquarter amputation defects. The most commonly used
free flaps are the latissimus dorsi, anterolateral thigh and tensor fascia lata flaps (Ross et
al. 1998, Samant et al. 2012, Tashiro et al. 2019). Large flaps needed for reconstructing
large hindquarter amputation defects will inevitably result in some donor site morbidity
(Lakhiani et al. 2016, Lee and Mun 2014). Therefore, the free fillet flap harvested from
the amputated extremity, provides a large robust and well-vascularized flap, without any
donor site morbidity. Workman (1992) and Yamamoto (1997) were the first authors to
describe the free fillet flap to reconstruct the hindquarter amputation defect. Only very
limited numbers of these cases have been previously reported. The outcomes of free
fillet flap reconstructions are summarized in Table 3.

Table 3. Summary of the studies on free fillet flap to reconstruct hindquarter amputation defect.
N/A = not available, FU = follow-up.

Author (year) Number of Flap Complications Oncological outcome
patients survival
Workman (1992) 1 7 None N/A
Yamamoto (1997) 1 il None Less than 12 months
Ross (1998) 2 22 None N/A
Templeton (2001) 1 17 None N/A
Yamamoto (2003) 2 2/2 None Less than 12 months
Senchenkov (2009) 1 N/A for free | N/A for free flap patient N/A for free flap patient
flap patient
Boehmler (2010) 1 7 Wound dehiscence 1/1 Expired, time N/A
McKnight (2013) 1 1 None Alive, 12months FU.
Bibbo (2015) 3 313 None 3/3, minimum of 2.75 years FU
Roulet (2019) 7 6/7 Reoperation for vascular 2/7 alive, mean survival 14
compromise: 2/7 months
Infection: 2/7
Wound deschience:0/7
Other: 2/7
None: 1/7
Kreutz-Rodrigues 7 7 N/A for free flap cohort N/A for free flap cohort
(2019)
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2.4 Health-Related Quality of Life

Health-related quality of life (HRQoL) has several definitions in the literature (Karimi
and Brazier 2016). It is a multidimensional domain that includes physical, mental,
emotional and social aspects of a person’s life. HRQoL can be measured with several
different questionnaires that measure previous aspects of a person’s life. Commonly
used questionnaires to measure HRQoL are the EuroQol (EQ-5D) (Brooks 1996),
Short Form 36 (SF-36) (Ware and Sherbourne 1992) and 15D (Sintonen 2001). Quality
of Life for Cancer Survivors (QOL-CS) is a HRQoL tool developed and validated for
cancer survivors (Ferrell, Dow, and Grant 1995).

EQ-5D comprises of five different domains: mobility, self-care, usual activities, pain/
discomfort and anxiety/depression. Each of the domains are rated on three levels giving
(35) 243 different possible health states (Devlin and Brooks 2017). These dimensions
are used to calculate the EQ-5D index, that ranges from 0 to 1 and a higher value
meaningbetter HRQoL. EQ-5D has been validated and is a widely-used instrument for
assessing HRQoL in ICU patients (Angus and Carlet 2003, Linko et al. 2010, Nisula
et al. 2013). The EQ-5D instrument has been used for evaluating HRQoL in sarcoma
patients as well (Davidson et al. 2016, Reichardt et al. 2012). The minimally important
difference in EQ-5D index based on performance status ranges between 0.089 and 0.10
in cancer (Pickard, Neary, and Cella 2007, Tsiplova et al. 2016).

After treatment of bone sarcoma, HRQoL measured by SF-36 is reduced when
compared to the general population. The physical health domain of the sarcoma
survivors was significantly lower than the general population (Holzer et al. 2020).
HRQoL measured by QOL-CS showed that patients surviving pelvic osteosarcoma
reported similar HRQoL compared to those after lower extremity bone sarcoma
(Nagarajan et al. 2004). A prospective study of children and adolescents with bone
sarcoma demonstrated that HRQoL as measured by the SF-36 increased until 18
months post operatively. (Bekkering et al. 2012.) A recent systematic review and meta-
analysis attempted to evaluate HRQoL after sarcoma surgery, but heterogeneity of the
histology, location and treatment strategies made it difficult to detect the trends of
HRQoL (Stokke et al. 2015).

Measuring HRQoL of sacrectomy patients is complex and an optimal method is
lacking (van Wulfften Palthe, Janssen, et al. 2017). Prospective assessment of HRQoL
following treatment for sacral or spinal chordoma and skull base chondrosarcoma
showed no significant deterioration within two years of treatment as measured by the
Functional Assessment of Cancer Therapy — Brain (FACTBr) questionnaire. However
only five of the 17 patients in the latter cohort had sacral chordoma (Baumann et al.
2019). The level of sacrectomy has an effect on HRQoL as measured by the SF-36.
Patients who underwent PE and low sacrectomy scored significantly higher scores on
both the physical and mental components of the SF-36 compared to patients with PE
and high sacrectomy (McCarthy et al. 2019).
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In addition to HRQoL assessment, several different functional outcome measures
are used to evaluate the functional outcome after sarcoma surgery. The functional
outcome measures can be PROM or clinician reported outcome measure (Kask et al.
2019). The most commonly used clinician reported outcome measure is the MSTS score
(Enneking et al. 1993) and the most commonly used PROM is the Toronto Extremity
Salvage Score (TESS) (Davis et al. 1999).
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3 AIMS OF THE STUDY

The aim of this thesis was to evaluate surgical, reconstructive, oncological and PROM
outcomes after complex oncological pelvic resections. The secondary aim of the thesis
was to develop reconstructive algorithms for patients undergoing sacrectomy, PE and
pelvic amputation. The detailed aims of this study were:

1. To evaluate the oncological outcome of pelvic tumours requiring complex pelvic
resection and reconstruction (studies [-1V)

2. To examine the surgical outcome and complications after major pelvic resection
of malignant tumours (studies I-IV)

3. To study the reconstructive methods after major pelvic resection for malignancy
(studies I-1V)

4. To investigate the quality of life after sacrectomy (study I
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4 SUBJECTS AND METHODS

This study was conducted in Tampere University Hospital, Finland (studies I-III) in
collaboration with the Royal Orthopaedic Hospital, Birmingham, UK (studies III-
IV) and Tours University Hospital, France (study III). The studies were approved by
the institutional review boards.

41 Patient identification and data collection

411 Study |

Patients who underwent sacrectomy for primary bone malignancy between January 1°,
2008 and June 30, 2017 in Tampere University Hospital were identified from the
oncological database. All tumours originated in the sacrum. Patients who had sacral
resection for tumours originating from another pelvic location (for example extended
Pl-resection of the pelvis with concomitant sacral resection) were excluded from the
study.

Electronic and paper medical records were used to collect the following data: patient
demographics, surgical details, tumour histopathology, imaging studies, possible
pre- or postoperative chemotherapy, possible pre- or postoperative radiotherapy
and complications. EQ-5D scores were obtained from the prospectively maintained
intensive care database.

Sacrectomy was classified into total sacrectomy, hemisacrectomy, partial (distal)
sacrectomy or extended sacrectomy (Li et al. 2011). Reconstruction was classified
into three categories depending on the need and timing of the reconstruction. The
no reconstruction (NR) group did not require any soft tissue or bone reconstruction
and the wound was closed directly with suction drains. The immediate reconstruction
(IR) group underwent immediate soft tissue and/or bone reconstruction after tumour
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resection. The delayed reconstruction (DR) group underwent tumour resection,
temporary wound closure with a negative-pressure wound therapy (NPWT) system
and was followed by a recovery period and planned second stage soft tissue and/or bone
reconstruction after seven days. The decision to reconstruct immediately or in delayed
manner was made according to the following algorithm: patients undergoing total
sacrectomy or partial sacrectomy requiring a free flap were reconstructed in a delayed
manner and all others were reconstructed immediately.

412  Study

Patients who underwent PE for a gynaecological indication between January 1%, 2005
and December 31°¢, 2016 in Tampere University Hospital were identified from medical
records and an electronic surgical database.

The following data were collected retrospectively from the electronic and paper
medical records: patient demographics, comorbidities, surgical details, histopathological
results, possible pre- or postoperative radiotherapy, possible pre- or postoperative
chemotherapy and complications. Complications were classified according to the
Clavien-Dindo classification (Dindo, Demartines, and Clavien 2004) and recorded
from the date of the PE until the end of the follow-up period. Complications were divided
into mild or severe (Clavien-Dindo 3b or higher) for the statistical analysis. Details on
complications, local recurrence or metastasis were collected from the medical records.
The date of death was identified from the national registry (The Finnish Population
Information System).

413  Studylll

Patients undergoing pelvic amputation for an oncological indication and requiring a
concomitant free flap reconstruction were identified from the oncological database and
clectronic surgical database in Tampere University Hospital and the Royal Orthopaedic
Hospital, Birmingham, UK between January 1%, 2012 and December 31°%, 2018.
Patients operated between May 1%, 2018 and December 31%, 2018 in Tours University
Hospital, Tours, France were also included in the study.

Data was collected in cach institution from electronic medical records and
included patient demographics, tumour histology, imaging studies, surgical details and
postoperative complications. The complications were collected until the date of last
contact.
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414  Study IV

Patients who required hindquarter amputation to treat pelvic sarcoma in the Royal
Orthopaedic Hospital, Birmingham, UK, between January 1%, 1996 and August 31,
2018 were identified from the oncological database. Six patients, who were reconstructed
with a free fillet flap in Birmingham, were included into both studies III and I'V.

The following data was collected from a prospectively maintained institution’s
oncological database and pathology database: Patient demographics, surgical details,
postoperative complications, radiotherapy, chemotherapy and histology of the tumour,
including grade and closest margin, date and the status of the last follow-up visit.

4.2 Multidisciplinary planning and pre-operative examinations

All sarcoma patients (studies I, III, IV) were reviewed in a sarcoma MDT meeting
in a tertiary sarcoma unit. All patients underwent pelvic MRI and whole-body CT
for staging prior to the meeting. The MDT included at least the following specialists:
orthopaedic oncologist, radiologist, medical oncologist, pathologist and plastic surgeon.
The decision and the extent of the surgical procedure was based on the histology and
staging of the disease and it was further discussed with the patient. After discussion and
patient consent, the final plan of the surgical resection and reconstruction was made.

All PE patients (study II) were staged with pelvic MRI and whole-body PET-CT
before the operative planning. PE patients were clinically evaluated together with a
gynaecologic oncologist, gastroenterological surgeon, urologist and plastic surgeon
prior to the operation. All patients planned for TPE were offered vaginal reconstruction
and were further counselled by a specialized nurse.

4.3  Surgical technique

431 Sacrectomy

Resection for partial sacrectomy is performed solely through a posterior approach, when
unilateral or bilateral S3 nerve roots are preserved. The anterior aspect of the sacrum
is mobilised with blunt dissection after posterior exposure of the sacrum. Resection of
bilateral S3 nerve roots results in sphincter incontinence and this causes post-operative
faccal contamination of the wound. Therefore, cither temporary or permanent
colostomy is favoured. In this case, a combined anterior-posterior approach was used
for tumour resection and colostomy. This approach commenced with a laparotomy in
a supine position to mobilise the sigmoid colon anteriorly, whilst leaving the posterior
part of the colon untouched and lying on the sacrum. Temporal colostomy is performed
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by leaving the dissected distal sigmoid colon and rectum in place. After anterior tumour
dissection, vascular mobilisation and creation of a colostomy, the patient is turned to the
prone or Mecca position. The procedure then continued from the posterior approach.
Dissecting down to the deep musculature, an osteotomy was performed through the
sacrum and the tumour removed ez bloc with the sigmoid colon and anal canal.

When sacrectomy results in spinopelvic discontinuity, a spinopelvic fixation
is performed by a spine surgeon in collaboration with an orthopaedic oncologist. A
plastic surgeon is responsible for soft tissue coverage and possible vascularised bone
reconstruction. The soft tissue reconstruction is planned depending on the defect size,
available local tissue, and local vessel patency. A medium-sized defect is planned to be
reconstructed usually with regional gluteal muscle or fasciocutaneous flaps. The pelvic
floor and posterior abdominal wall are reconstructed using either autologous tissue or
a synthetic mesh. For planned delayed reconstruction, the skin is closed directly when
possible, accepting a dead space that is temporarily drained with large suction drains.
In case of skin defect that cannot be directly closed, a negative-pressure wound therapy
(NPWT) sponge is applied to cover the wound and possible fixation material.

4.3.2 Pelvic exenteration

Colostomy and possible uretero-ileo-cutaneostomy locations, as well as TMG flap
landmarks, are marked preoperatively by a specialised nurse and plastic surgeon,
respectively. The PE is performed in the dorsal lithotomy position. The pelvis is
approached by a midline laparotomy incision. At the beginning of the laparotomy,
the entire abdomen and pelvis are carefully examined for any evidence of metastatic
or intraperitoneal cancer, and the lower para-aortic lymph nodes are sampled for
frozen section analysis. If these are negative, a bilateral pelvic lymphadenectomy
is performed, and an immediate frozen section analysis is performed to determine
whether the operation should continue. Distant metastasis and peritoneal masses are
contraindications, but para-aortic nodal involvement as a contraindication is more
controversial (Kaur et al. 2014). The size and the extent of the tumour determine the
type of the PE (APE, PPE, TPE) as well as the extent of the pelvic floor resection (type
L IL, or ITI). The aim is always for clear surgical margins (RO resection).

After tumour resection, the reconstructive team starts with the flap harvest, whilst
the oncology team performs the urinary diversion. Our TMG flap harvest technique
for pelvic floor and vagina reconstruction has been described in detail previously
(Kaartinen et al. 2015). For unilateral reconstruction, a skin paddle width measuring
8cm to 10cm lying transverse to the gracilis muscle belly is harvested. The gracilis muscle
is divided distally near the knee joint. Bilateral TMG flaps are used when the vagina
is to be reconstructed as well as in cases with an extended perineal skin resection. In
these cases, a skin island measuring 8—7cm by 20cm is most commonly sufficient. Flap
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harvesting begins with the distal skin incision that is continued down to the muscular
fascia. The fascia is opened over the gracilis muscle and the muscle is dissected distally
to near the knee joint. The vascular pedicle and motor nerve are identified under the
adductor muscle. The motor nerve is divided. The vascular pedicle is dissected all the
way to the deep medial circumflex vessels and all side branches are divided. The rest of
the skin paddle and distal muscle insertion are incised to finalize the flap harvest. The
flap is tunnelled subcutaneously under the labia, and then the flap(s) is pulled through.
The posterior and anterior parts of the skin island are de-epithelialized, and a neovagina
is formed by suturing the skin paddles together, starting from the ventral portion of
the neovagina. The flap is secured by suturing the de-epithelialised skin to Cooper’s
ligaments and the distal portion of the muscles are sutured posteriorly to the pelvic
floor through the laparotomy wound in order to fill the dead space and also secure the
pelvic floor to prevent bowel herniation. Donor sites are closed directly with a suction
drain.

4.3.3 Pelvic amputation

All procedures were performed by specialist orthopaedic oncologists simultaneously
whilst the soft tissue reconstruction in the case of free tissue transfer was performed by
a team of plastic surgeons with advanced training in sarcoma surgery. The procedures
for pelvic amputation depend on tumour involvement and resectability. Depending
on the location of the tumour, an anterior or posterior flap is chosen. Massive pelvic
resection may result in such a large defect of soft tissue that closure with a local flap is
impossible and a free fillet flap from the amputated extremity is necessary.

Posterior flap HQA begins with an ilioinguinal incision and is continued through
the abdominal wall into the retroperitoneal space. The iliac vessels are identified as well
as all of the visceral organs. The incision is continued along the inferior pubic ramus
and the ischiorectal space is explored. The posterior flap is raised and the dissection
is continued up to the sacroiliac joint. The limb is abducted and the pelvic floor
musculature is divided. Finally, a medial osteotomy is performed to the iliac wing,
sacroiliac joint or to the sacrum depending on the extent of the tumour.

For anterior flap HQA, a posterior incision is made and the iliac crest and sacrum
are exposed. The incision is continued down to the perianal region and the gluteus
muscles are divided. The anterior flap is raised and the superficial femoral vessels are
ligated distally. The profunda branch is ligated and the pubic symphysis is exposed. The
limb is then flexed and abducted and the pelvic floor muscles are divided. A medial
osteotomy is carried out at the level dictated by the tumour extension and then the
hemipelvis and limb are removed.

The HQA and free fillet flap reconstruction were performed with a similar technique
in all study institutions. The HQA and free fillet flap procedure involves two phases.
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In the first phase, the patient is positioned in a floppy lateral or semisupine position,
which allows the limb and torso to be rolled both backward and forward to allow
circumferential access to the hemipelvis and lower limb. The patient is draped with
the limb exposed down to the ankle, and the abdomen up to the midline. Posteriorly,
the drapes are placed to allow exposure of the sacrum across the midline but covering
the anal margin. In the majority of cases, the incision for the HQA adopts an extended
utilitarian exposure extending posteriorly to the midline sacral structures and extending
around the perineum to join the anterior limb of the incision, thereby resecting the
hemipelvis with the buttock flap in continuity.

In contrast to the conventional HQA or hip disarticulation, the vessels are mobilised
proximal to the tumour but not ligated at this stage to minimise the ischaemic time for
the flap. Once circumferentially dissected, the osteotomies can be performed at the
predesignated level but maintaining the continuity of the vessels.

The second phase of the procedure comprises the harvest of the fillet flap. In many
cases, this can proceed in tandem with the tumour dissection. The two-team approach
requires close co-operation between the orthopaedic team and reconstructive team to
minimize the ischemia time and to optimize the surgical flow. Banking of the fillet flap
is a salvage option in case of need of early ligation of the iliac vessels due to a bleeding
problem or complicated resection. For the harvest of the flap, the popliteal vessels are
exposed together with 1-2 superficial veins. Popliteal vessels should always be dissected
above the sural vessels to ensure adequate circulation to gastrocnemii muscles and
posterior calf skin. Anteriorly, an incision is made over the proximal tibial joint line
and both the tibia and fibula are dissected subperiosteally free from the surrounding
soft tissues. Distally, the flap is then elevated from the distal tibial joint line at the level
of the ankle. Having elevated the flap in its entirety, the popliteal vessels can be divided
and flushed locally with heparin solution. Simultaneous intravenous 5000IU heparin
is administered prior to iliac vessel ligation. At the same time, the HQA is completed
by dividing the iliac vessels proximal to the resection margin. The limb can then be
removed in its entirety.

The harvested flap is now placed over the HQA defect and orientated to give the
best coverage. The popliteal vessels of the flap are anastomosed most commonly end-
to-end to the stump of the iliac vessels using 7-0 vascular sutures. There is always a
mismatch between the iliac and popliteal vessels, but this can be managed by taking
a small side wedge out from the larger vessel. Having restored the arterial and venous
circulation, the flap can then be inset and sutured, over large suction or Penrose drains.

All patients recovered in an intensive care unit to allow careful monitoring of blood
pressure and fluid balance as well as regular flap observations looking in particular for
any evidence of venous congestion or ischaemic failure. The fillet flap is large and heavy,
and the positioning of the patient and the flap needs to be closely monitored within the
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first few post-operative days. The patient is allowed to be in a supine or lateral position
for the first few postoperative days.

44 Health-related quality of life measures

The EQ-5D instrument was used in study I to measure pre- and postoperative
HRQoL of the sacrectomy patients who were admitted to the intensive care unit
(ICU) postoperatively. Pre-operative data was obtained upon ICU admission. For
patients admitted between January 1°¢ 2008 and December 31t 2010 a post-operative
questionnaire was sent six months after ICU admission and for patients admitted from
January 1°¢ 2011 or later, post-operative data was obtained 12 months after admission.

4.5 Statistical methods

Median values and ranges were calculated for continuous variables. The statistical
significance of continuous variables between two groups were tested using the Mann-
Whitney U-test (studies I, ITI, IV) or an independent sample t-test (study II), and
between three groups using the Kruskal-Wallis tests (study I). Categorial variables were
tested by using the chi-squared test (studies I-IV). Pre-operative and post-operative
EQ-5D scores were tested using the Wilcoxon signed rank test (study I).

Kaplan-Meier curves were constructed to assess patient survival (studies I-IV).
Statistical significance between the groups was determined using a log-rank test (studies
IT and IV). Cox regression analysis was used to identify independent factors affecting
survival in univariate and multivariate models (studies I and IV). OS was measured
from the date of surgery to the date of death or date of last follow-up (studies I-IV).
The disease-free survival (DFS) was measured from the date of the surgery until local
recurrence or death (study II). Local recurrence-free survival (LRFS) was measured
from the date of surgery to the date of local recurrence, date of death or date of last
follow-up (studies III, IV). Metastasis-free survival (MFS) was measured from the date
of surgery to the recorded date of the development of metastases, date of death or date
of last follow-up (study III).

All statistical analyses were performed by using the SPSS software package (IBM
SPSS Statistics, Version 24.0. Armonk, NY).
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5 RESULTS

5.1 Patient demographics and indications

Patient demographics of all the studies are presented in Table 4.

Table 4. Patient demographics of the studies.

Study | Study Il Study Il Study IV
Number of patients 21 39 12* 136*
Female : Male 9:12 39:0 SHO 56:80
Age; mean(range) 57(22-81) 59(30-78) 54(12-76) 51(12-83)

*Six patients were included to both study Il and IV.

511 Sacrectomy (Study )

A total of 21 patients with a mean age of 57 years were included in study I. Indications
for sacrectomy were chordoma (n=15), chondrosarcoma (n=4) and high-grade
dedifferentiated sarcoma (n=2). The mean follow-up was 38 (range 0-108) months.
Two patients (9.5%) had pre-operative radiotherapy and three patients (14%) had
post-operative radiotherapy.
All patients were operated on with a curative intent.

5.1.2  Pelvic exenteration (Study Il)

In study II, 38 women underwent a total of 39 exenteration operations. One patient
underwent first APE and then, two yearslater, underwent PPE after local recurrence. The
mean patient age was 59 years. Adenocarcinoma was the most common histology (51%),
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followed by spinocellular carcinoma (31%), melanoma (13%) and cystadenocarcinoma
(5.1%). Location of the tumours is presented in Table 5. The mean follow-up was 35
(range 2.5-123) months.

Table 5. Primary location of the tumour in pelvic exenteration patients.

Location n %
Cervix 12 3
Vagina 7 18
Vulva 6 15
Uterus 5 13
Rectum 5 13
Ovary 3 77
Urethra 1 2.6

The majority of the patients, 24 (62%), had PE as a secondary salvage procedure
after previously failed primary therapy. 15 (39%) patients had PE as a primary
surgical procedure for locally advanced tumours. 29 (74%) patients had pre-operative
radiotherapy, and 1 (2.6%) patient had post-operative radiotherapy.

All patients were operated on with a curative intent.

51.3  Pelvic amputation (Studies IIl & IV)

The pelvic amputation study population comprised of two cohorts. The first cohort
(study III) consisted of 12 patients who underwent HQA and required a free fillet flap
reconstruction for wound coverage. The mean age of the patients was 54 years and the
mean follow-up time was 16 months (range 0-51). The second cohort (study IV) was
composed of 136 patients who underwent HQA amputation during the study period.
The mean follow-up time was 38 months (range 0-210), with a minimum of 12 months
follow-up for survivors. The histology of the tumours is presented in Table 6.
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Table 6. Histology of the tumours in patients who underwent pelvic amputation.
UPS = Undifferentiated pleomorphic sarcoma, MPNST = Malignant peripheral nerve sheet tumour.

Study Il Study IV

n % n %
Chondrosarcoma 4 25 56 41
Osteosarcoma 4 25 28 21
Ewing’s sarcoma 2 1.5
Parosteal osteosarcoma 1 0.7
Periosteal osteosarcoma 1 0.7
UPS 23 17
Leiomyosarcoma 1 8.3 6 4.4
Myxoid liposarcoma 4 29
Synovial sarcoma 4 29
MPNST 3 2.2
Angiosarcoma 1 8.3 2 1.5
Triton tumour 2 1.5
Fibrosarcoma 2 1.5
Extraskeletal chondrosarcoma 1 0.7
Liposarcoma 1 8.3 1 0.7
Spindle cell sarcoma 1 8.3

In study III, 8 patients underwent amputation as the primary surgical procedure and 4
were salvage surgeries for the treatment of recurrent disease following a previous pelvic
resection or following an intralesional resection at another institution. In study I'V, 83
patients (61%) underwent HQA as a primary surgical procedure, whilst 53 patients
(39%) underwent HQA as a secondary salvage surgery following tumour recurrence or
intralesional surgery.

All 12 patients were operated on with a curative intent in study III. In study IV,
128 patients (94%) were operated on with a curative intent and 6 patients (4.4%) were
operated on with a palliative intent. The initial treatment intent was not documented
in two patients.
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5.2 Oncological outcome

The 1-, 3- and 5-year OS for the studies are presented in Table 7.

Table 7. Overall survival at 1-, 3- and 5 years (95%ClI).
STS = soft tissue sarcoma. OS = overall survival. N/A = not available.

1-year OS (95%Cl) %

3-year OS (95%Cl) % 5-year OS (95%Cl) %

Study | 83 (66-100)% 83 (66-100)% 83 (66-100)%
Study II 72 (58-86)% 51 (35-68)% 48 (31-65)%
Study Il 58 (26-92)% 58 (26-92)% N/A
Study IV

- bone 72 (62-81)% 53 (42-64)% 47 (36-59)%
-STS 62 (32-63)% 28 (12-43)% 24(9-39)%
5.21  Sacrectomy (Study I)

Seventeen patients (81%) had a RO resection and four (19%) had a RI resection.
Patients who had a RO resection consisted of two with a S3/4 resection, one with a

hemisacrectomy, and one with an extended sacrectomy.

The OS was 83% at 1-year and remained the same at S-years (Figure 8). Three patients

died due to disease progression and one patient had a fatal post-operative intracranial

haemorrhage on the first post-operative day.
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Figure 8. Overall survival of the sacrectomy patients.

57



Four patients (19%) had a LR; two patients with a primary RO resection and two
patients with a R1 resection. The mean time to LR was 23 (range 5-48) months. Three
of the LRs occurred in chordoma and one in high grade dedifferentiated sarcoma. All
of the LRs occurred in soft tissue and no bony recurrences were noted.

5.2.2  Pelvic exenteration (Study Il)

The 1- and S-year OS of all PE patients was 72% (95%CI 58-86) and 48% (95%CI
31-65), respectively (Figure 4). The 1- and 5-year DFS for all patients was 58% (95%CI
43-74) and 45% (95%CI 28-68), respectively (Figure 9). The 1-year OS of patients
with a R2 resection (n=3) was 33% (range, 10-15 months).
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Figure 9. Overall survival and disease-free survival after pelvic exenteration.

OS was affected in univariate analysis by a BMI of over 30 (p=0.028), lymph node
metastasis (p=0.048), and positive surgical margins (p=0.001) (Table 8). In multivariate
analysis, only positive surgical margins (p=0.009) and lymph node metastasis
(p=0.027) influenced OS (Table 9). The mean OS for patients with negative surgical
margins was 84 months (95%CI 64-105 months) and 17 months (95%CI 7.8-27
months) for patients with positive surgical margins (p<0.001) (Figure x). The mean OS
was 20 months (95%CI 12-29 months) for patients with lymph node metastasis and 77
months (95%CI 58-97 months) for patients without lymph node metastasis (p=0.039)
(Figure 10).
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Table 8. Factors affecting overall survival in univariate model using Cox proportional hazards model.

Factor HR 95% ClI p-value
Lymph node metastasis 2.6 1.007-6.900 0.048
BMI over 30 29 1.120-7.363 0.028
Positive surgical margin 4.6 1.806-1.480 0.001

Table 9. Factors affecting overall survival in multivariate model.

Factor HR 95% ClI p-value
Lymph node metastasis 3.1 1.133-8.318 0.027
Positive surgical margin Bl 1.402-11.006 0.009

RO surgical margin

Without lymph node metastasis

Cumulative Survival
Cumulative Survival

With lymph node metastasis

T T T T T T T T T T T T T T
° 20 40 60 80 100 120 ° 20 40 60 80 100 120
Overall survival in months Overall survival in months

Figure 10. Overall survival with or without lymph node metastasis at time of the pelvic exenteration
surgery and with RO or R1/2 resection margin.

5.2.3  Pelvic amputation (Studies Ill & IV)

The OS for patients who were reconstructed with a free fillet flap in study III was 58%
(95% CI 26-92) both at 1-year and 3-years. The median tumour volume in the free flap
cohort was 6442 cm’.

In study IV, the mean OS was 91 months (95%CI 64-117) for patients undergoing
HQA for a primary sarcoma of bone with primary curative surgery, in comparison
to 90 months (95%CI 58-123) in patients undergoing secondary salvage surgery
(p=0.727). The tumour volume for the primary and salvage groups was 3748 cm? and
1519 cm?, respectively (p<0.001). The mean OS was 59 months (95%CI 31-89) for
patients undergoing HQA as treatment for STS with a primary curative intent, which
compared to 13 months (95%CI 9.4-16) for patients undergoing secondary salvage
surgery (p=0.038). The tumour volume for primary and salvage groups was 3 318 c¢m?
and 2 227 cm?, respectively (p=0.162). The 1-, 3- and S-year OS is presented in Tables
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7 and 10. In the multivariate analysis, the factors associated with a poor prognosis for
overall survival included HQA as a treatment for STS (HR 1.7; 95%CI 1.027-2.660,
p=0.039) and high grade histological subtypes, including both bone and soft tissue
(HR 2.0; 95%CI 1.127-3.676, p=0.018). The 30-day mortality for patients undergoing

surgery with a curative intent was 0.8%.

The OS of the patients in studies III and IV are presented in Figure 11.

Table 10. 1-, 3- and 5-year overall survival in study IV.
Log-rank test was used for mean survival time (p-value). CS = Chondrosarcoma, UPS = undifferentiated
pleomorphic sarcoma, STS = soft-tissue sarcoma, gr = grade.

1-year OS (95%Cl) %  3-year OS (95%Cl) %  5-year OS (95%Cl) % p-value

Tumour location

-bone 72 (62-81)% 53 (42-64)% 47 (36-59)%

-STS 62 (32-63)% 28 (12-43)% 24 (9.1-39)% 0.008
Histology

-CS 78 (67-90)% 64 (50-78)% 58 (43-73)%

- Osteosarcoma 64 (46-83)% 37 (18-55)% 32 (14-51)% 0.017 vs CS

-UPS 67 (46-87)% 42 (16-67)% 31 (4.9-58)% 0.100 vs CS

- Other 56 (37-76)% 20 (4.5-36)% 20 (4.5-36)% <0.001vs CS
Grade

-1 100% 100% 100% 0.010vsgr. 3

-2 95 (85-100)% 66 (44-88)% 52 (27-77)% 0.018vs. gr3

-3 60 (51-70)% 38 (27-49)% 35 (24-45)%
Closest margin

->imm 79 (70-89)% 49 (36-62)% 46 (33-59)%

-<1mm 56 (43-69)% 41 (28-55)% 34 (21-47)% 0.017
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Figure 11. Overall survival after hindquarter amputation in studies IlI-1V. STS = soft tissue sarcoma.
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The incidence of LR in patients undergoing HQA as treatment for bone sarcomas was
13% (95%CI 5.6-20) and in those undergoing HQA as treatment for ST it was 16%
(95%CI3.9-27). LRFS was 97% (95% CI193-100) at 1-year and 62% (48-75) at 5-years
for bone sarcoma patients, and 88% (77-98) at 1-year and 43% (19-67) at S-years for
STS patients (p=0.216). LRFS was not affected by any of the variables investigated,
including tumour grade, margin or tumour volume. LRFS for patients reconstructed
with a free fillet flap in study III was 86% (95%CI 60-100) at 1-year and 3-years. MFS
was 73% (95% CI146-99) at 1-year and 3-years. All recurrences and metastases occurred
within 12 months from the amputation.

Six patients were operated on with purely a palliative intent. Three patients
underwent HQA for treatment of a bone sarcoma and three patients for treatment of a
STS. The median tumour volume was 5600 cm?, which was significantly larger when
compared to patients undergoing HQA with a curative intent (2830 cm?) (p=0.019).
The margins achieved at HQA were significantly smaller (p=0.020) and four patients
had intralesional resections. The median OS was 2.4 months (95%CI 0.0-6.1) and two
out of six patients died whilst still in hospital, within two weeks of surgery.

9.3 Surgical outcome

Surgical outcomes of studies I-IV are summarised in Table 11.

Table 11. Mean (range) tumour size, length of stay and time in intensive care unit, surgical time and
blood loss of the studies.

ICU = intensive care unit. N/A = not available. *In study | the size is measured as the resection specimen and in
studies llI-1V the maximum size the tumour.

Study | Study Il Study Il Study IV

Mean of the maximum diameter 17 (11-28) N/A 24 (12-49) 16 (5-49)
of the tumour, cm*
Length of stay, days 16 (3-60) 20 (7-66) 18 (10-42) N/A
Time in ICU, days 2.0 (0-15) N/A 3.0(1.0-8) N/A
Surgical time in minutes (range)

- 15t operation 451 (95-940) 411 (298-514) 440 (249-650) N/A

- 2nd operation 387 (289-498) - -
Blood loss, ml 2450 (100-10 000) N/A 2400 (950-10000) N/A

5.31  Sacrectomy (Study I)

Five (24%) of the sacrectomy patients did not require any soft tissue or bone
reconstruction and were classified as ‘no reconstruction’ (NR) group. 11 patients (52%)
were reconstructed immediately and 5 patients (24%) underwent planned delayed
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reconstruction. Resection size, length of hospital stay, surgical time, and peri-operative
blood loss differed significantly between the reconstruction groups (Table 12).

Table 12. Surgical outcomes in different reconstruction groups of sacrectomy patients.
Data are presented as mean (SD) unless otherwise noted. * Kruskal-Wallis and chi-squared tests as
appropriate. ** Four values were missing from the analysis.

No Immediate Delayed p-value*
reconstruction reconstruction reconstruction
(n=5) (n=11) (n=5)

Tumour volume, cm3** 347 (88) 1252 (688) 2274 (2321) 0.007
Hospital stay, days 16 (13) 16 (11) 36 (19) 0.055

- ICU stay, days 0(0) 1.6 (1.9) 5.0 (6.1) 0.006
Surgical time (minutes)

- Resection (and reconstruction) 149 (48) 488 (181) 671 (107) 0.001

- Delayed reconstruction - - 387 (82)
Blood loss (ml) 450 (320) 3400 (2600) 4600 (1600) 0.004
Number of unplanned re-operations 3 7 6 0.397

5.3.2  Pelvic exenteration (Study II)

Of the PE patients, 26 patients (67%) underwent TPE, 11 patients (28%) underwent
PPE, and 2 patients (5.1%) underwent APE. The mean surgical time was 428+56
minutes for TPE and 374449 minutes for combined APE and PPE (p=0.032). The
mean length of stay was 23 days for the TPE group and 16 days for the combined PPE
and APE groups (p=0.024). The length of stay was 16+5.9 days for patients without
severe complications and 29415 days for patients with severe complications (p=0.001).

5.3.3  Pelvic amputation (Studies IIl & IV)

The mean surgical time, blood loss and lengths of ICU and hospital stay are summarised
in Table 12 for the free flap cohort of study III. This data was not available for study IV
patients.

In study III, the level of proximal resection was through the sacrum in 6 patients,
through the SI5joint in 5 patients and through the hip joint in 1 patient. Comparing
those who underwent an extended hindquarter amputation (amputation through the
sacrum) to those who underwent either a standard hindquarter amputation or hip
disarticulation, no significant differences in resection margin, surgical time, length of
hospital / ICU stay or blood loss were noted . The mean tumour size and volume were

24 cm (range 12-49cm) and 9 413 cm3 (range 1 071-39 690cm?).
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For study IV, 92 patients (68%) and 40 patients (29%) underwent standard and
extended HQA amputation, respectively. The data regarding extent of the HQA was
missing for 4 of the patients. The mean maximum tumour diameter and volume were
16e¢m (range 5-49cm) and 2 944cm? (range 100-39 700cm?), respectively.

5.4 Reconstruction after pelvic resections

541  Sacrectomy (Study )
All of the patients in the NR group had a partial sacrectomy distal to the $3/4 level.

Patients whose sacrectomies were distal to the S1/2 level or who underwent less
extensive hemisacrectomies, were reconstructed immediately. Nine of the 11 patients
in the IR group had only a soft tissue reconstruction and two had a spinopelvic fixation
and soft tissue reconstruction (Figure 12). All extended, total sacrectomies, and
hemisacrectomies demanding microvascular tissue transfer were reconstructed in two
stages (Figures 13 and 14). For all patients in the DR group, secondary reconstruction
was planned for within a week of the resection. This occurred in four patients, but
one patient had a postponed reconstruction 14 days after the primary surgery due to a
complicated ICU period. The reconstructive algorithm is shown in Figure 15.

Figure 12. Sacrectomy defect (on left) before mesh and bilateral gluteal muscle reconstruction. The
skin was closed directly over muscle flaps (on right).
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Figure 13. Planned delayed reconstruction after hemisacrectomy with concomitant partial L5
resection and spinopelvic fixation (top left). Allograft bone was used to reconstruct the posterior
pelvic ring (top right). Turn-over latissimus dorsi muscle flap was used to cover the allograft and
osteosynthesis material and right lumbar artery perforator flap was used to reconstruct the skin defect
(bottom left). Post-operative result (bottom right)
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Figure 14. Planned delayed reconstruction after extended total sacrectomy. Defect one week after
tumour resection and spinopelvic fixation (top left). Posterior pelvic ring and spinopelvic reconstructed
with autologous fibula graft (top right). The soft tissue defect reconstructed with pedicled vastus
lateralis and anterolateral thigh flaps and with latissimus dorsi free flap (bottom left). Two weeks post
operatively (bottom right).
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Figure 15. Algorithm for reconstructing the sacrectomy defect in study |.

SPF = spinopelvic fixation, MC = musculocutaneous flap, FC = fasciocutaneus flap, NR = No reconstruction, IR

= immediate reconstruction, DR = delayed reconstruction.

A total of 20 soft-tissue flap reconstructions were performed in 16 patients. Bilateral
gluteal muscle flaps were counted asone flap. The most commonly used flaps were pedicled
gluteal muscle flaps, followed by gluteal fasciocutaneous flaps. The fasciocutaneous
flaps were based on the superior gluteal artery perforator or simple random rotational
flaps. In three cases, a latissimus dorsi (LD) free flap was used when free tissue transfer
was required (Table 13). Recipient vessels for microvascular transfer were end-to-end to
a branch of the internal iliac vessel (n=1), end to side to the internal iliac vessel (n=1),
gluteal perforator vessel (n=1), and a long saphenous vein arteriovenous loop from the

groin (n=1).

Mesh was used to secure the abdominopelvic cavity in 16 patients. There was no

protocol for mesh use, and it was used according to the surgeons’ preference.
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Table 13. Flaps and microvascular bone transfer used to reconstruct the sacrectomy defects in study I.
ALT = anterolateral thigh flap, FC = fasciocutaneous, LAP = lumbar artery perforator flap, LD = latissimus dorsi
flap, VRAM = vertical rectus abdominis muscle flap

Flap Immediate Delayed
reconstruction reconstruction

Gluteal muscle

- unilateral 2

- bilateral 6 1
Gluteal FC flap 4
LD free flap 3
VRAM 1
LAP

Distally based LD
Vastus lateralis and ALT

Vascularised fibula bone
Total 13

[o'- = G [ N

A spinopelvic instrument reconstruction was performed using double iliac screw
fixation combined with a posterior lumbar segmental fixation. Bone reconstruction
was performed using a non-vascularised autologous fibula in four patients, vascularised
fibula in one patient, and a tibia allograft in one patient. The bone graft was fixed to the
host bone with additional cortical screws.

5.4.2  Pelvic exenteration (Study Il)

A total of 27 (69%) patients underwent flap reconstruction for pelvic floor and/
or vaginal reconstruction (Figure 16). Of these, 17 (44%) had a bilateral TMG flap
reconstruction, 9 (23%) had a unilateral TMG flap reconstruction, and 1 (2.6%) had a
TRAM flap reconstruction. 12 (31%) patients had no flap reconstruction for the pelvic
floor defect. All of these patients were operated on before 2010. Out of 26 patients
who underwent TPE, 12 (46%) had a vaginal reconstruction. Bilateral TMG flaps was
used for all vaginal reconstructions in the TPE group. Reconstructive outcomes are
demonstrated in Figures 17 and 18.
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| 39 operated |
| 27 reconstructed | N ?:ut ;f;(rmzsg%c)ted
! I } }
—{ 18 TPE | 8 PPE | 1 APE |
—{__ 13bilateral TMG |- 4 bilateral TMG | 1 unilateral TMG |
— 4 unilateral TMG | 4 unilateral TMG |
= 1 TRAM |
[ 12 vaginal reconstructions |

Figure 16. Algorithm for reconstructing pelvic exenteration defects in study II.
TPE = total pelvic exenteration, PPE = posterior pelvic exenteration, APE = anterior pelvic exenteration, TMG =
transverse musculus gracilis flap, TRAM = transverse rectus abdominis flap.

Figure 17. Reconstruction of the posterior pelvic exenteration defect extending to lateral sidewalls of
the vagina (left) and immediate reconstruction outcome (right).
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Figure 18. Reconstruction of the total pelvic exenteration defect with vaginal reconstruction.
Pelvic floor after tumour resection (top left corner), view from the abdominal cavity after pelvic
floor reconstruction with bilateral TMG-flaps (bottom left corner) and immediate outcome after
reconstructing pelvic floor and neovagina (right).

5.4.3  Pelvic amputation (Studies Il & IV)

The resultant HQA wound was reconstructed most commonly with a posterior gluteal
flap (PTF) (n=50, 37%) or anterior thigh flap (ATF) (n=42, 31%) (Figure 19). The
contralateral vertical rectus abdominis musculocutancous (VRAM) flap was used in
two patients. Six patients had a massive soft-tissue defect following HQA necessitating
a free flap reconstruction. All free flaps were microvascular fillet flaps from amputated
extremities. Flap description was insufficient in 23% (n=31) of the cases. Direct wound
closure was used in five patients. Flap loss required a secondary flap reconstruction in
two cases. There were no significant differences between the method of local or free
flap used for reconstruction in terms of flap-related complications, flap survival, re-
operation or primary healing rate.
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Figure 19. Hindquarter amputation reconstructed with posterior gluteal flap (left). Perioperative view of
the anterior thigh flap (right).

All patients requiring a free flap were reconstructed with a free fillet flap from the
amputated lower extremity (Figure 20). In one patient, a vascularised fibula was
also included to the fillet flap and used to bridge the defect between the resected
hemisacrum and the anterior resection margin, in an attempt to give a better sitting
balance. The remaining patients were reconstructed with a musculocutaneous flap
alone. The popliteal artery was anastomosed to the iliac or femoral artery end-to-end
for all patients. The popliteal vein was anastomosed to the iliac or femoral vein for 11
patients. The anastomosis was end-to-end in 10 patients and end-to-side due to size
discrepancy between vessels, in 1 patient. In 1 patient, due to the development of a
deep vein thrombosis whilst receiving chemotherapy for an osteosarcoma, the long
saphenous vein was anastomosed to the femoral vein by an end to end anastomosis. No
double vein anastomoses were used.

Figure 20. Harvested fillet flap before flap inset and vascular anastomosis.

70



5.5 Complications

Complications of all the studies are summarised in Table 14.

Table 14. Rate of complications of the studies.
Complications with over 5% rate in any of the studies are listed. PE = pulmonary embolism. * = Defined as need
for secondary flap reconstruction.

Study | Study Il Study Il Study IV

Infection 38% 44% 4.7% 22%
Wound dehiscence 9.5% 33% 0% 28%
Systemic venous thromboembolism / PE 9.5% 2.6% 0% 2.2%
Flap loss

- partial 4.8% 2.6% 0% 19%

- total 4.8% 0% 8.3% 1.5%"*
Enteral fistula 0% 7.7% 0% 0%
Decubital ulcer 0% 7.7% 0% 0%
Acute kidney injury 4.7% 5.1% 0% 0%
In-hospital death 4.7% 0% 8.3% 2.2%
Any Complication 62% 72% 50% 54%

5.51  Sacrectomy (Study I)

Thirteen of the 21 patients (62%) had a total of 25 complications. The most common
complication was post-operative infection (n=8). Five patients required surgical
interventions to control the infection. Three patients suffered wound complications,
two had venous thromboembolism, and two required lower extremity fasciotomies due
to compartment syndrome or rhabdomyolysis. Only one pedicled VRAM flap was lost.
No other total or partial flap losses were noted in this study. All microvascular flaps
survived completely.

5.5.2  Pelvic exenteration (Study Il)

There was a total of 49 complications in 28 (72%) patients. The complication rate
for patients with versus without flap reconstruction was 65% and 85%, respectively
(p=0.191). Prior radiotherapy, BMI, diabetes, and age did not affect the complication
rate. A total of 12 patients (31%) had at least one severe complication, and the most
common complications were infection (44%) and local wound dehiscence (33%). There
was a minor edge necrosis of a TMG flap that was considered a partial flap loss. This was
treated with excision and direct closure.
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5.5.3  Pelvic amputation (Studies Il & IV)
The majority of the HQA patients (54%) in study IV had at least one complication.

24% of the patients required re-operation(s) for complication management. Tumour
histology (bone or soft-tissue), pre-operative radiotherapy, chemotherapy, the chosen
reconstructive flap and the treatment intent did not affect the rate of complications.
The incidence of complete wound healing was lower in those who underwent direct
wound closure when compared to those in whom the defect was reconstructed using
cither a local or free flap (60% vs. 81%, p=0.023).

Half of the patients in study III suffered at least one complication. Four patients
required a return to theatre to manage the complication. In 3 patients, this was due to
vascular compromise which comprised of 1 venous anastomosis thrombosis, 1 venous
kink and 1 extensive arterial thrombosis. The fourth patient required a return to theatre
to trim the transplanted vascularised fibula as it had resulted in pressure necrosis to
the overlying skin. All patients who required a return to theatre to address a vascular
compromise required multiple further theatre visits, 2 for secondary wound closure
and one for drainage of an infected seroma. 11 fillet flaps (92%) survived completely
whilst 1 patient (8%) suffered a total flap loss due to extensive arterial thrombosis that
could not be resolved. This patient underwent flap debridement, negative-pressure
therapy and eventual wound closure with a local flap and secondary healing. There was
one unexpected post-operative death on the tenth post-operative day due to a massive
cardiac event.

5.6 Quality of life before and after pelvic surgery

5.6.1  Sacrectomy (Study I)

EQ-5D baseline data at ICU admission was available for 10 of the 14 patients treated
in the ICU. Follow-up data was available for eight patients. Two of the patients with
follow-up data were lacking the baseline EQ-5D data and therefore six of the 14
patients (43%) treated in the ICU were included in the analysis. Patients with follow-
up data had a higher pre-operative EQ-5D index than patients without follow-up data
(0.819 vs. 0.603, p=0.01). No significant difference was found between the pre- and
post-operative EQ-5D index or any of its dimensions in the 6 patients with complete

data (Table 15).
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Table 15. EQ-5D index and its dimensions on patients treated in ICU with full pre- and post-operative
data.

Pre-operative Post-operative p-value
EQ-5D index 0.81933 0.78933 0.600
Mobility 1.33 1.83 0.180
Self-care 1.00 1.33 0.157
Usual activities 117 1.50 0.317
Pain/discomfort 217 1.67 0.180
Anxiety/depression 117 1.00 0.317

73



6 DISCUSSION

6.1 General considerations

Advanced and recurrent pelvic tumours continue to pose a surgical challenge to both
the orthopaedic/surgical/gynaecological oncologist and reconstructive surgeon. The
results of this thesis demonstrate that multidisciplinary collaboration and meticulous
planningis needed for resection and reconstruction of complex pelvic defects. However,
in spite of the use of imaging technology, careful planning and multidisciplinary
execution of the operation, pelvic surgery is still associated with a high peri- and post-
operative morbidity. Pertinently, low perioperative mortality was demonstrated in this
thesis. Free flap reconstruction is feasible for reconstructing the largest defects after
ablative pelvic surgery and the TMG flap(s) can be used for pelvic floor and vaginal
reconstruction after PE. It was possible to develop three different treatment and
reconstructive algorithms for these heterogenous and rare tumours.

6.2 Oncological outcome

The 5 year OS after complex pelvic resection and reconstruction varied from 24% in STS
patients undergoing HQA to 83% in bone sarcoma patients undergoing sacrectomy. The
5-year OS after PE and bone sarcoma HQA patients was 48% and 47%, respectively.
The 5 year OS of 83% in sacrectomy patients in this cohort was similar or slightly
higher to the rates published in previous literature on sacral chordoma or sacral
osteosarcoma (York etal. 1999, Kayanietal. 2015, Jietal. 2017, Wangetal. 2017). The LR
rate in study I was 19%. Half of the patients who experienced LR had a microscopically
positive marginal R1 resection in the primary operation. In accordance to the literature,
our results demonstrate that clear surgical margins are paramount for improved LRFS
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in sacral chordoma (Kayani et al. 2014). It is noteworthy that all LRs occurred in the
soft tissues, not in the bone. This highlights the need for adequate surgical resection,
not only of bone, but also the surrounding soft tissues. The oncological orthopaedic
surgeon should therefore never need to limit the planned resection of local soft tissues
as large soft tissue defects can be reconstructed with local and/or free flaps as required.

The oncological outcome of PE patients in study II, with a 48% S-year OS, is similar
to that reported in previous publications with larger patient cohorts (Brown, Solomon,
and Koh 2017, Knight et al. 2018). The finding in this thesis was that negative surgical
margin and negative lymph node status at the time of the surgery were predictive for
OS in multivariate model. The predictive value of a negative surgical margin (Berek et
al. 2005, Park et al. 2007, Maggioni et al. 2009, Zoucas et al. 2010) and lymph node
status (Park et al. 2007, Maggioni et al. 2009) has been demonstrated earlier. Obesity
has been shown to not diminish survival after PE (Iglesias et al. 2012). However, this
was not replicated in study II. A high BMI of over 30 was a negative predictive factor
for OS in the univariate model, but not in the multivariate model.

The 3-year OS after HQA and free flap surgery was 58%. The literature on fillet
flap reconstruction after hindquarter amputation is scarce and there are no prior
publications regarding oncological outcome after HQA in patients with large pelvic
defects that require free flap reconstruction. Although large tumour size has been
shown to predict inferior survival in pelvic sarcoma (Puchner et al. 2017, van Houdt et
al. 2018) there are no studies comparing oncological outcome between HQA standard
HQA flap closures to HQA with fillet flap reconstruction. Patients requiring free flap
reconstruction are highly selected with large tumours often involving common or
external iliac vessels. The outcome of these patients is not necessarily similar to patients
who can be reconstructed with standard HQA flaps. However, when the fillet flap
reconstructions in study III were compared with standard HQA flaps in study IV, the
short term OS of these cohorts were similar. The fillet flap patients” OS in study IIT was
also similar to earlier published cohorts with conventional HQA flaps, with a 5-year OS
between 27-45% (Grimer et al. 2013, Nakamura et al. 2013, Couto et al. 2016, Puchner
etal. 2017, van Houdt et al. 2018).

There was a significant difference in 5-year OS depending on the tumour location
in study I'V. The S-year OS for bone sarcoma was significantly better than that for STS
(47% vs. 24%, p=0.008). STS patients have been shown to have an inferior survival
compared to bone sarcoma patients (Couto et al. 2016). For bone sarcoma, the results of
this thesis supports previous observations that HQA can offer long term cure especially
in the case of bone sarcoma (Sherman, O’Connor, and Sim 2012). The number of
patients allowed us to calculate the OS for chondrosarcoma, osteosarcoma and UPS.
Chondrosarcoma has a better OS compared to osteosarcoma, as shown earlier (Parry et
al. 2016, Tsagozis et al. 2019), which might be due to the difference in grades between
osteo- and chondrosarcomas. For bone sarcoma, OS following a salvage procedure was
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similar to that following HQA as a primary surgical procedure. This demonstrates the
need for close follow-up after pelvic resection as the disease can still be controlled with
good results if LR presents without distant metastasis. The mean survival after bone LR
requiring HQA was 90 months, whereas STS LR requiring HQA has a poor prognosis
with a mean OS of only 13 months. Our results are in accordance with the literature,
as outcome after STS LR in the pelvic location is worse than LR in the extremities
(Daigeler et al. 2014).

Indications for palliative HQA needs to be seriously considered in light of study IV.
There are some anecdotal reports of favourable outcomes after palliative HQA (Grimer
etal. 2013). We found that the outcome of these patients was extremely poor as 2 of the
6 patients died within two weeks from surgery and were never able to leave the hospital.
The median survival time after palliative HQA in study IV was only 2.4 months. In
the absence of PROM data from these palliative patients, it cannot be concluded from
this data whether or not these patients experienced any meaningful palliation. Whilst
there is evidence that proximal amputations can improve a patient’s quality of life
(Daigeler et al. 2009), there are no studies however, comparing pelvic or other proximal
amputations vs. other non-surgical palliative methods. Based on these results, palliative
HQA should only be considered with extreme caution when all other palliative means
have failed and patients as well as their family members have been counselled properly
about the realistic outcome of palliative HQA.

6.3 Reconstructive outcome

Reconstruction after complex pelvic resection continues to pose a challenge to the
reconstructive plastic surgeon. The usual reconstructive challenges such as the amount
and vascularity of local tissues, possible donor site morbidity from the local and free
flaps and availability of recipient vessels must all be considered. In addition to these
challenges, there are two additional factors that need to be contemplated. Firstly,
all these procedures require a two-team approach. The team responsible for the
resection may sometimes include several different specialists. Meticulous planning
and communication between the resection and reconstructive team is paramount.
When possible, the reconstructive team should harvest the flap simultaneously with
the resection in order to minimize the surgical time. Secondly, patients undergoing
complex pelvic resection can become hypovolemic, hypothermic and/or develop a
hypercoagulable state during the resection. (Garvey et al. 2013). The communication
between the two surgical teams and anaesthetic team is vital for optimal outcome.

Our algorithm for sacrectomy and reconstruction based on the results of this thesis
is as follows:
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1) Partial sacrectomy distal to S3/4 level: The majority of these patients don’t need
any soft tissue reconstruction. Patients with more extensive soft tissue resections
are reconstructed with gluteal muscle or fasciocutaneous flaps.

2) Partial sacrectomy proximal to S3/4 level: This results in usually moderate size
defects and they can be reconstructed with gluteal muscle or fasciocutaneous
flaps. A mesh is used if the posterior pelvic wall cannot be secured with a flap.

3) Sagittal hemisacrectomy with a moderate size (<2 000cm?) soft tissue defect:
Spinopelvic fixation is combined with a non-vascularized fibula autograft. The
soft tissue defect is reconstructed with gluteal muscle or fasciocutaneous flaps.

4) Sagittalhemisacrectomywith large volume (>2 000cm?) tissue defect: Spinopelvic
fixation is performed, and the wound is closed temporarily, either directly or
with NPWT. After 1 week, the soft tissues are reconstructed with a free flap and
non-vascularized fibula autograft is used for the pelvic ring reconstruction.

5) Total sacrectomy or partial sacrectomy with a large soft tissue defect: Resection
is carried out in a combined anterior-posterior approach. In cases of disruption
of the spinopelvic continuity, spinopelvic fixation is carried out and the wound
is temporarily closed with NPWT. 1 week later a free flap is used for soft tissue
reconstruction in addition to bone graft or transfer.

6) Any major disturbances in a patient’s homeostasis during the resection: If
there is an unexpected major event during the tumour resection the wound is
temporarily closed, and reconstruction is delayed until after an ICU period and
patient rehabilitation.

The use of muscle, musculocutaneous or fasciocutaneous flaps based on gluteal vessels in
study I is in line with other authors (Miles et al. 2000, Garvey et al. 2011, Maricevich et
al. 2014, Kim et al. 2015, Asaad et al. 2020). The major difference in our reconstructive
algorithm compared to that previously described is the use of the VRAM flap, which
is a workhorse for sacral and pelvic floor reconstruction in many units (Miles et al.
2000, Garvey et al. 2011, Maricevich et al. 2014, Kim et al. 2015). The abandonment
of VRAM flap in our practice is due to two main reasons. Firstly, a patient undergoing
sacrectomy above the S2 nerve root will lose the sphincter function and in our practice
will inevitably have an end-colostomy. Leaving the abdominal wall untouched allows
the colorectal surgeon to place the stoma in their desired position without a need to
take into account an abdominal wall defect. Secondly, when we began the planned
delayed reconstruction approach we considered the VRAM flap to be unfeasible as
the anterior approach is done 1 week prior to the reconstruction. Garvey et al (2013)
however, proved our reasoning flawed as they demonstrate a very elegant way to use the
VRAM in a planned delayed manner without any complications. This approach seems
very reasonable, especially in cases of prior radiotherapy and preference for vascularised
bone transfer as the flap can be used as a flow-through flap for free fibula transfer. We
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were able to use local vessels as recipients for free tissue transfer in all except one case.
A long great saphenous venous loop can also be used in these cases as they provide good
vessel calibre and high flow recipient vessels (Fudem and Marble 1996).

TMG flaps were used to reconstruct the pelvic floor and vagina after PE in study
II. TMG seems the optimal reconstruction method for these cases for the following
reasons: 1) they provide a sufficient amount of well vascularised tissue to secure the
pelvic floor, 2) the amount of bulk provided by ecither unilateral or bilateral flaps is
sufficient to obliterate the dead space (as demonstrated in Figure 18 bottom left corner),
3) a vaginal wall or entire vagina can be reconstructed with the flap(s), 4) flap harvest
can be carried out whilst the resection team is working in the abdomen and finally 5) a
stoma or stomas can be freely placed in the optimal position on the abdominal wall.
The VRAM flap is also used in many units to reconstruct the pelvic floor and vagina
(Goldberg etal. 2006, Nelson and Butler 2009, Horch et al. 2014). The VRAM flap has
been favoured over thigh-based flaps because of the reported lower incidence of donor
and recipient site complications. It is however noteworthy, that the study by Nelson
and Butler (2009) had only a small number of thigh-based flaps and the gracilis flap
was not used as a TMG. A comparative study between the gracilis and VRAM flap for
reconstruction after abdominoperineal resection or PE did not find any difference in
donor or recipient site complications (Stein et al. 2019). In study II, the mean surgical
time of 428 minutes compares well to 335-725 minutes reported in previous abdominal
flap reconstructions (Qiu, Jurado, and Hontanilla 2013, Ferron et al. 2015).

Our algorithm for reconstruction after PE based on the results of this thesis is as
follows:

1) APE/PPE patients with only anterior/posterior wall vaginal resection are
reconstructed with a unilateral TMG flap.

2) APE/PPE patients with vaginal wall resection continued to the lateral wall(s) in
addition to the anterior/posterior vaginal wall (wider than 6-8cm resection) are

reconstructed with bilateral TMG flaps.

3) TPE patients who don’t request a neovagina reconstruction are in most cases
reconstructed with a unilateral TMG flap. In cases of a large skin resection, wide
pelvis or limited amount of thigh tissue, bilateral TMG flaps can be used.

4) TPE patients who request a neovagina reconstruction are reconstructed with

bilateral TMG flaps.

The free fillet flap harvested from the amputated extremity proved to be a reliable
method to reconstruct the largest HQA defects in study III, with 11 of the 12 flaps
surviving completely. In addition to flap survival, all flaps provided durable and stable
wound coverage without any postoperative abdominopelvic hernias or other late
complications. The use of free flaps has been shown to be feasible in earlier small patient
series (Workman, Bailey, and Cunningham 1992, Yamamoto, Minakawa, and Takeda
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1997, Samant et al. 2012, Bibbo et al. 2015, Roulet et al. 2019, Kreutz-Rodrigues et al.
2019, Tashiro et al. 2019). The mean ischemia time in study III was 88 minutes. There
were no ischemia time-related complications, even if the flap dissection was performed
after the hemipelvis had been removed. Bibbo et al. (2015) have described a surgical
method where the flap is dissected before the tumour resection is finished, in order to
minimize the ischemia time. In the case of unexpected difficulty in tumour resection or
other complications, banking of the harvested flap is one salvage possibility (Boehmler
etal. 2010).

In study IV, the HQA defects were reconstructed mainly with the standard
posterior (37%) and anterior (31%) HQA flaps. The flap description in the database
was insuficient in 23% of the patients. The third most common flap used in this cohort
was the free fillet flap from the amputated extremity (4.4%). Direct closure (3.7%) and
VRAM flaps (1.5%) were seldom used. The flap choice is most commonly determined
by the location of the tumour and the patency of the vessels after tumour resection. In
previous large patient size cohorts, the posterior flap has been used in approximately
half of the cases and the anterior flap in approximately a quarter of the cases or less.
Flap choice slightly favoured the anterior flap in this study when compared to earlier
publications (Senchenkov et al. 2009, Grimer et al. 2013).

Based on the results of this thesis and previous literature, our current algorithm for
reconstructing HQA defects is summarised in Figure 21. The majority of the defects
are reconstructed with the standard posterior or anterior HQA flaps. Our results
showed no difference in complications between the flaps. In the case of a large defect
that cannot be reconstructed with standard flaps or in cases where local flaps are not
available due to compromised circulation; a free flap is needed. The first choice for free
tissue transfer is the free fillet flap from the amputated extremity as it does not have
any donor site morbidity. If the fillet flap is not available for example due to venous
thrombosis, significant atherosclerosis, massive lymphoedema or leg ulcers, another free
flap is needed. A novel indication in our algorithm is the ligation of CIA. This prevents
the use of the standard anterior flap. CIA ligation also increases the risk of posterior flap
necrosis nearly threefold by up to 46% (Senchenkov et al. 2008). This in our opinion
justifies the use of a free flap, and we have demonstrated good free flap survival and alow
number of wound complications, although requiring the reconstructive microvascular
team.
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resection
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A

A 4

Both EIA and 1A Surgeons preference
P»| patent after tumour
resection

A 4

EIA;::,S:?“ET,?M Standard anterior
»
resection HQA flap
Large soft tissue defect and 1% choice:
»| standard HQA flap not sufficient > Free flap »| Free fillet flap from
in volume or available amputated extremity

A

Free fillet flap not available due
CIA ligated during vascular compromise, massive
lymphedema or ulceration

tumour resection .
Consider free flap due

to high posterior flap
complication rate

A 4

Other free flap

Figure 21. Algorithm for HQA reconstruction.
HQA = hindquarter amputation, IIA = internal iliac artery, SGA = superior gluteal artery, IGA = inferior gluteal
artery, EIA = external iliac artery, CFA = common femoral artery, CIA = common iliac artery.

6.4 Complications

Complex pelvic surgery remains a highly morbid surgical procedure even with careful
MDT planning and execution. At least 50% of patients in this thesis experienced at
least one complication after surgery. In-hospital mortality was low, ranging between
0% and 8.3%. PE was associated with the most complications (72%), but no in-hospital
mortality.

The majority (62%) of patients who underwent sacrectomy in study I had at least one
complication. The incentive to develop the planned delayed reconstruction algorithm
originated from an early experience managing an extremely complicated sacrectomy
patient. This patient had multiple complications, a prolonged ICU period, flap loss
and prolonged wound healing after sacrectomy with poor intra-operative homeostasis
and major blood loss. Even though the number of complications was high, the rate
of complications in this study is comparable to those published earlier (Miles et al.
2000, Garvey et al. 2011, Vartanian et al. 2018). For sacrectomy, after implementing
the planned delayed reconstruction approach, the number of unplanned reoperations
was similar in all the reconstructive cohorts (NR, IR and DR) and was not dependent
on the extent of the surgical resection. Some studies have shown an increased risk for
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reoperation after a large volume resection (Vartanian et al. 2018). Our original concern
was whether the use of NPW'T might increase the risk of infection complications in
the DR group but our data demonstrated that DR does not increase infectious or other
complications in the MDT setting for sacrectomy reconstructions.

Patients undergoing PE experienced the highest rate of complications (72%) in
this thesis. However, the rate of complications was comparable to previous studies,
highlighting the complexity and morbid nature of the operation (Berek et al. 2005,
Maggioni et al. 2009, Zoucas et al. 2010). It is noteworthy, however, that only 31%
of the patients experienced severe complication, classified as Clavien-Dindo 3b or
higher. This hasn’t been clearly defined in previous publications. More importantly,
the complications or severe complications did not affect the OS of patients in study
I1. Moreover, there was only one direct flap-related complication, which consisted of
partial flap edge necrosis that was defined as partial flap loss. The flap edge necrosis
was debrided and the wound was directly closed and no secondary flap reconstructions
were needed. Our TMG flap-related complication rate was lower than those reported
with abdominal-based flaps (Berger et al. 2012, Qiu, Jurado, and Hontanilla 2013).
There were three totally preventable decubital ulcer complications. Unfortunately, we
were not able to trace whether the preventive measures failed or were overlooked during
the post-operative period. Patients remained mainly on bedrest for the first three post-
operative days and were mobilised thereafter. Air mattresses were also used to help
prevent decubital ulcers.

The complication rate after HQA was 50% and 54% in studies IIland IV, respectively.
There were notable differences in distribution of the complications, however. The
free fillet flap patients in study III experienced only one late infection and no wound
dehiscences, whereas patients in study IV had a 22% wound infection rate and 28%
wound dehiscence rate. The complication rate of approximately 50% is similar to other
reports. The wound complications, dehiscence and infection, are the most common
complications reported also in the literature (Apflelstacdt et al. 1996, Senchenkov et al.
2008, Grimer et al. 2013).

Although, there was a low incidence of wound complications in the free fillet
flap cohort of the study, there were significant take backs to theatre due to vascular
compromise in three cases. Two cases with a venous outflow problem (one venous
kinking and one venous thrombosis) were successfully repaired, but one flap was
lost due to an extensive arterial thrombosis that couldn’t be resolved. All flaps were
harvested with either the great saphenous vein or another superficial vein as a secondary
outflow back-up vein. However, no double venous anastomoses were performed in this
study, nor in previously published studies neither.

In study IV, the wound complication and infection rates were similar to earlier
studies, but the reconstructive failure rate of 1.5% was lower than that reported earlier
(Senchenkov et al. 2009). Complete surgical wound healing was more problematic in
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the direct closure group when compared to any flap in the study IV. No other significant
differences between the flaps were noted when comparing complete survival, re-
operation or primary healing rate. There were no identifiable risk factors contributing
to the complication risk. Extended HQA has been previously shown to increase the
complication rate (Senchenkov et al. 2008). However, our data did not demonstrate this
as a risk factor. The high mortality rate of the palliative group in study I'V reflects the
fragility of the patients with advanced pelvic sarcoma as well as the extent and burden
of the hindquarter amputation. The main intention for palliation (pain/ fracture/
fungating tumour) was not recorded.

6.5 Quality of life

Quality of life assessment was conducted only in Study I. This study did not find
any significant decline in the EQ-5D or any of its five dimensions. This is somewhat
unexpected takinginto consideration the extent of the surgery and associated morbidity.
Sacrectomy has a significant impact on the patient’s life in several dimensions when
evaluated with qualitative methods (Wang et al. 2019). There are several possible
factors that need to be addressed. Firstly, there were only 6 patients available with
both pre-operative and post-operative data. Patients with follow-up HRQoL data had
a higher baseline EQ-5D index than patients that were lost in the follow-up. Previous
publications of PROM after sacrectomy have used MSTS or PROMIS instruments,
but both of these studies lack the baseline measurement comparison (Kiatisevi et al.
2017, van Wulfften Palthe, Houdek, et al. 2017). The optimal instrument to evaluate
HRQoL after sacrectomy has not yet been determined and the EQ-5D might not be
optimal instrument for these patients (van Wulfften Palthe, Janssen, et al. 2017).

6.6 Strengths

This thesis summarizes the results and outcomes of complex pelvic tumour resection
and reconstruction from four studies. The incidence of pelvic tumours is low and there
is limited knowledge of the outcomes and reconstructive methods for these tumours.
There are two major strengths of study I. Firstly, it was possible to study the change
in HRQoL before and after the sacrectomy. This comparison between a baseline and
6 or 12 months post-operative follow-up data is a novel finding demonstrating that
patients adjust better than expected to the surgical outcome. Secondly, an algorithm
was constructed for reconstructing the sacrectomy defects. The algorithm does not only
include flap choice or anterior/ posterior approach, but also timing of the reconstruction.
Previous publications about sacrectomy reconstruction haven’t addressed the timing of
the reconstruction in detail (Garvey et al. 2011, Maricevich et al. 2014, Kim et al. 2015).
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Study II included outcomes of 39 PE operations. In this study also, an algorithm
was developed for reconstruction after PE with TMG flaps. PE defects, both total and
partial, including extended PE with concomitant vulvectomy can be reconstructed
reliably with unilateral or bilateral TMG flaps. In addition to this algorithmic approach
the complications were classified by the Clavien-Dindo classification and discriminate
between minor and major complications over the study period.

Free flap surgery was found to be feasible in the reconstruction of large pelvic defects
after sacrectomy and HQA in studies I and III. There are usually local perforators or
other vessels patent after sacrectomy, even after a one week rehabilitation period. In
cases of absent local vessels, a long great saphenous vein loop can be used to provide the
free flap with high inflow and outflow in the pelvis.

Knowledge has been limited concerning the oncological outcome of patients after
HQA requiring free fillet flap reconstruction to cover the large pelvic defects. Study I1I
demonstrated for the first time that at least in the short term, 3-year OS is similar to
patients who undergo HQA with conventional anterior or posterior flap reconstruction.

Study IV included all the patients (n=136) who underwent HQA in a large
volume supra-regional sarcoma unit over a 21-year study period. The patient cohort
was homogenous as all other indications for HQA were excluded from the study. No
patients were lost during follow-up making the survival outcome reliable. Indications
for limb salvaging pelvic resection and HQA remained unchanged during the study
period and all the patients were reviewed in a MDT meeting,

6.7 Limitations

There are several limitations related to this thesis. Firstly, all studies are retrospective
cohort studies. It is noteworthy however, that the oncological databases used in studies
L, IIT and IV are prospectively maintained. In study I, the EQ-5D data is prospectively
collected and recorded in the intensive care database, but the number of patients that
had full pre- and postoperative data was limited to six patients.

There was a limited number of patients in studies I-III. The incidence of sacral
tumours, PE and HQA is indeed low and the number of patients in our studies is in line
with previous reports (Miles et al. 2000, Maggioni et al. 2009, Petruzziello et al. 2014).
We elected to limit the inclusion criteria in study I to only primary bone malignancies,
as inclusion of other malignancies (e.g. metastases) would have made the results more
heterogenous. To overcome the low incidence of HQA and free flap surgery, a multicentre
study was conducted in three supra-regional sarcoma units. This multicentre study has
the largest number of patients with HQA and free flap reconstruction published to
date. The number of patients limited the statistical power for detecting risk factors for
complications and histology specific survival in studies I-III. Unfortunately, in study
IV flap description was insufficient in 23% cases.
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Due to the retrospective nature of the studies it was not possible to classify the
complications according to the Clavien-Dindo classification except in study II (Dindo,
Demartines, and Clavien 2004). However, the comprehensive nature of the databases
used in studies I, IIl and IV enabled the capture of all the secondary surgical procedures
after the primary operation. The majority of severe complications were therefore
captured.

The major limitations of studies II-IV is the lack of any kind of PROM. Both PE and
HQA are extremely extensive and partly even disfiguring procedures. HRQoL has been
reported to decline at three months after PE, but the majority of the patients adjust
to their post-operative situation with restoration of most of the domains of HRQoL
(Rezk et al. 2013). The HRQoL measured with SF-36 shows that the patients’ physical
component scores are lower than amongst the general population (Griesser et al. 2012).
The overall quality of life parameters are similar amongst patients after HQA and
internal hemipelvectomy (Beck et al. 2008). There is a lack the knowledge of PROM in
the cohorts of studies II-IV.

6.8 Future perspectives

The incidence of pelvic tumours is low in general. Furthermore, the number of patients
is low even in large supra regional units. This limits the possibility of meaningful
prospective study designs. For future studies it is paramount to conduct multicentre
studies involving major sarcoma or other tertiary units. Collaboration and possible
international collective databases should aim to increase the number of patients in any
future studies.

PROMs, including HRQoL and functional outcome measures, should routinely
be collected from all patients. This is the only possibility that would allow surgeons
and other treating physicians to evaluate not only survival outcomes, but also assess the
impact of the treatment on the patient’s life.

In clinical practice, it would be worth considering to increase the use of free flaps
to reconstruct the largest HQA defects as they are associated with a low rate of wound
complications post-operatively. In particular, in cases where the common iliac vessels
require ligation the posterior flap necrosis rate increases 2.7-fold (Senchenkov et al.
2008) and therefore these cases would benefit from reconstruction with free fillet
flaps. However, this requires an experienced microvascular reconstructive team and a
MDT approach, which on the other hand should always be available when treating
complicated malignant pelvic tumours in a tertiary referral hospital.

The incidence of peri- and postoperative complications remains high. Certain
approaches to reduce the complication rate could be considered. Firstly, enhanced
recovery after surgery (ERAS) pathways have been developed for several surgical

and oncological patient groups and it has been shown to reduce the length of stay,
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complications and costs (Ljungqvist, Scott, and Fearon 2017). For advanced pelvic
cancer the ERAS pathways have been implemented and it has been shown to reduce
post-operative ileus (Funder et al. 2017). Further research is needed to validate the
benefit of ERAS in PE patients (Nelson et al. 2019). No ERAS pathways have been
published for pelvic sarcoma patients thus far. Secondly, the development of cancer
and procedure-specific risk models could help the preoperative shared-decision making
process and patient education. These models have been developed for example in head
and neck surgery, but are lacking in patients with advanced pelvic tumours (Sindhar et

al. 2019).
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7 CONCLUSIONS

Advanced and recurrent pelvic tumours are rare and constitute a heterogenous entity
of tumours that present several challenges for the surgical team. A MDT approach is
paramount to treat these patients and the algorithms presented in this thesis can offer
a means to standardize the treatment of these rare tumours.

Planned delayed reconstruction after total sacrectomy is feasible and safe. Large
sacrectomy defects can be reconstructed with free flaps and in cases of absent local
perforators or other vessels, a long saphenous vein loop offers a reliable high flow
vascular pedicle to the flap.

Uni- or bilateral TMG flaps are a reliable method of reconstructing the pelvic floor
and vagina after PE. Flap reconstruction most likely reduces the total complication rate
without significantly prolonging the operation.

The oncological outcome after large HQA requiring free flap reconstruction is
similar to those patients in whom their wounds can be closed with standard HQA flaps.
The free fillet flap from the amputated extremity is a feasible method of reconstruction
without any donor site morbidity.

HQA continues to be a procedure associated with high morbidity, although the
30-day mortality has decreased to 1%. HQA offers a very limited chance of survival in
cases of recurrent STS. Palliative HQA has an exceptionally poor outcome and should
only be performed in highly selected cases when all other possible palliative measures

have failed.
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(p=0.397), and no significant differences were found for pre- and post-operative QOL or any

of its dimensions.
Discussion:

Free flap surgery is reliable for reconstructing the largest sacrectomy defects.

Even in the most complex cases, surgery can be safely staged, and final reconstruction can be
carried out within 1 week of resection surgery without increasing peri-operative complications.
Sacrectomy does not have an immoderate effect on the measured QOL.

© 2018 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by EL-

sevier Ltd. All rights reserved.

Introduction

The incidence of primary malignant sacral tumours is
low, and these tumours often initially present with rela-
tively mild and non-specific symptoms."' These tumours can
progress to a large, advanced tumour. Depending on the his-
tology, standard treatment in most cases is en bloc resec-
tion with or without adjuvant oncological treatment.?3 Ad-
vances in both medical imaging and surgical care have made
most of these tumours resectable.

Hemi- and total sacrectomies result in complex bony and
soft tissue defects with a possible disruption of the pelvic
ring, spinopelvic discontinuity and inadequate soft tissue
coverage. The reconstruction of these defects relies on the
basic principles of surgical reconstruction as follows: pro-
viding spinopelvic stability, eliminating dead space and al-
lowing tension-free wound closure. Because of the rarity
of the sacrectomy procedure and the variability in recon-
struction, no consensus has been reached on the optimal re-
construction method.* There is no concurrence on whether
spinopelvic fixation is mandatory after a total sacrectomy*.
The use of microvascular flaps for soft tissue or bone re-
construction is rare, probably because of the difficulties in
finding proper donor vessels in this region.*

Previous studies of sacrectomy have focused on onco-
logical outcome,> ¢ spinopelvic reconstruction’ or soft tis-
sue reconstruction;®° however, only a limited number of
studies have measured the effect of this complex and of-
ten disabling surgery on patient-reported outcome.® %"
The present retrospective cohort study had two main ob-
jectives. The first was to evaluate whether the timing
of the reconstruction affects surgical or oncological out-
come. An urge for delaying tissue reconstruction emerged
after an extremely complicated case was treated with pro-
longed sacrectomy. Previous studies of reconstruction after
sacrectomy have not addressed the timing of reconstructive
surgery in detail.®%12 Second, we wanted to investigate the
effect of this often mutilating surgery on patients’ quality
of life (QOL).

Methods
Selection criteria

Patients were identified from a prospectively maintained
oncology database at Tampere University Hospital, Finland.
The study was approved by the Institutional Review Board.
All patients who underwent surgery for a primary bone tu-
mour arising from the sacrum between 1 January 2008 and

30 June 2017 were included in the study. Patients with
sacral metastasis, other malignancies affecting the sacrum
(e.g. invasive rectal carcinoma), benign sacral lesions or
bone biopsies (without intent for curative tumour resec-
tion) were excluded. Histology was confirmed in all patients
by pre-operative biopsy. Pre-operative imaging studies were
reviewed in a multidisciplinary team (MDT) meeting to de-
termine the degree of tumour extension, nerve root involve-
ment and surgical planning for both resection and recon-
struction.

Variables and measurements

Data on patient demographics, surgical details, tumour
characteristics, pre- or post-operative radiotherapy and/or
chemotherapy and complications were collected from med-
ical records. Complications were collected until death or
the date last seen. Sacrectomies were classified as total
sacrectomy, hemisacrectomy (sagittal osteotomy), partial
sacrectomy (if part of the proximal sacrum could be saved)
and extended sacrectomy (if lumbar vertebrae were re-
sected en bloc with the tumour)."® Patients were divided
into three categories depending on the need for and tim-
ing of reconstruction. Patients who did not need soft tissue
or spinopelvic reconstruction were classified as no recon-
struction (NR). Patients who underwent soft tissue or bony
reconstruction in a single stage operation were classified as
immediate reconstruction (IR). Patients with planned staged
resection and secondary reconstruction at a later date were
classified as delayed reconstruction (DR).

The EQ-5D instrument was used to measure pre- and
post-operative QOL. EQ-5D data were collected from a
prospectively maintained intensive care unit (ICU) database
on patients treated post-operatively in the ICU. Pre-
operative data were recorded at the time of ICU admis-
sion. Post-operative EQ-5D data were collected at 6 months
between 2008 and 2010 and at 12 months after 2010. The
EQ-5D has been validated for measuring the health-related
QOL of ICU patients' and comprises five dimensions: mo-
bility, self-care, usual activities, pain/discomfort and anxi-
ety/depression. All dimensions are graded from 1 to 3, with
a lower grade meaning a better quality. These dimensions
are combined into an EQ-5D index (range 0 to 1, with 1 rep-
resenting a better quality).

Surgical technique

In partial sacrectomies, resection is performed solely by a
posterior approach. In these cases, one or both of the S3
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nerve roots can be preserved. In the posterior approach,
the anterior aspect of the sacrum is mobilised with blunt
dissection. Resection of both S3 nerve roots results in
sphincter incontinence. Incontinence causes post-operative
faecal contamination of the wound and, therefore, either
temporary or permanent colostomy is favoured. If perma-
nent colostomy was chosen, a combined anterior-posterior
approach was used. This approach started with a laparo-
tomy to mobilise the sigmoid colon anteriorly, thus leav-
ing the posterior part of the colon untouched and lying on
the sacrum. If temporary colostomy was chosen, colostomy
was performed leaving the dissected distal sigmoid colon
in place. The procedure then proceeded from the poste-
rior part. Dissecting down to the deep musculature, an os-
teotomy was performed through the sacrum and the tumour
removed en bloc with the sigmoid colon and anal canal.

In sacrectomies resulting in spinopelvic discontinuity,
spinopelvic fixation was performed by a spine surgeon in
collaboration with an orthopaedic oncologist. A plastic sur-
geon was responsible for soft tissue coverage and vascu-
larised bone reconstruction. The soft tissue reconstruction
was planned depending on defect size, available local tis-
sue and gluteal vessel patency. For medium-sized defects,
regional gluteal muscle or fasciocutaneous flaps were most
commonly used. The perineal and posterior abdominal walls
were reconstructed using either autologous tissue or syn-
thetic mesh. In the case of delayed reconstruction, the skin
was closed directly if possible, thus leaving a dead space
behind with appropriately sized drains. In three patients in
whom the skin could not be closed, negative pressure wound
therapy (NPWT) was applied to cover the wound and possi-
ble fixation material (Figure 1a-f).

Follow-up

Routine follow-up included the re-evaluation of patients ev-
ery 3 months for the first 2 years, at 6 month intervals for
the next 3 years and then annually thereafter. A chest radio-
graph was obtained to identify possible dissemination of dis-
ease. Spine and pelvic radiographs were obtained from bony
reconstructions to identify possible reconstruction failures.
Magnetic resonance imaging (MRI) was obtained to identify
possible local recurrence (LR).

Statistical analysis

Kaplan-Meier curves were constructed to assess patient sur-
vival. Categorical variables were compared between groups
by chi-square test. Continuous variables were compared be-
tween groups by the Kruskal-Wallis test. Pre-operative and
post-operative EQ-5D scores were tested by the Wilcoxon
signed-rank test. All statistical analyses were performed us-
ing SPSS Statistics 24.0 (IBM Armonk, NY, USA). A p value of
<0.05 was considered significant.

Results

A total of 21 patients with a mean age of 57 (range 22-
81) years were operated on during the study period. Indi-

cation for sacrectomy was chordoma in 15 patients, chon-
drosarcoma in four patients and high-grade dedifferentiated
sarcoma in two patients. The patient demographics and
their tumour characteristics and treatments are provided in
Table 1. Five patients did not require any soft tissue or
bone reconstruction (NR), 11 underwent IR, and five had a
planned DR (Table 2). The mean follow-up was 38 (range
0-108) months.

Seventeen patients had RO resection, and four had R1
resection (two patients with S3/4 resection, one with
hemisacrectomy and one with extended sacrectomy). Four
patients (19%) had LR: two patients with primary RO resec-
tion and two patients with R1 resection. The mean time to
LR was 23 (range 5-48) months. Three of the LRs occurred in
chordoma and one in high-grade dedifferentiated sarcoma.
All the LRs occurred in soft tissue, no bony recurrences were
noted. The treatment of LR was excision in one patient, pal-
liation in one patient and radiotherapy followed by deno-
sumab administration in one patient, and the details on fur-
ther treatment were missing for one patient. Three patients
died because of disease progression, and one patient had
a fatal post-operative intracranial haemorrhage on the first
post-operative day. The overall disease-specific survival was
83% at 1 year and remained the same at 5 years (Figure 2).

Resection size, length of hospital stay, surgical time and
peri-operative blood loss differed significantly between the
reconstruction groups (Table 2). No significant difference
was found between the reconstruction groups regarding tu-
mour histology, number of unplanned re-operations, surgi-
cal margins, LR or survival. Surgical details are presented in
Table 3. All the patients in the NR group had partial sacrec-
tomy distal to S3/4. Patients whose sacrectomies were dis-
tal to S1/2 or who underwent less extensive hemisacrec-
tomies were reconstructed immediately. Nine of the 11 pa-
tients in the IR group had only soft tissue reconstruction and
two had spinopelvic fixation and soft tissue reconstruction.
Resection volumes exceeding 2000 cc? or soft tissue resec-
tions more than 20cm in width were considered large and
required a free flap reconstruction. Resections of smaller
volumes and lengths were considered moderate. All ex-
tended sacrectomies, total sacrectomies and hemisacrec-
tomies demanding microvascular tissue transfer were recon-
structed in two stages. All patients in the DR group planned
to have a secondary reconstruction within a week of the re-
section. This occurred in four patients; but one patient post-
poned reconstruction to 14 days after the primary surgery
due to a complicated ICU period.

A total of 20 soft tissue flap reconstructions were per-
formed in 16 patients. The most commonly used flaps were
gluteal muscle flaps, followed by gluteal fasciocutaneous
flaps. In three cases, a latissimus dorsi (LD) free flap was
used when free tissue transfer was required (Table 4). Re-
cipient vessels for microvascular transfer were end-to-end
to a branch of the internal iliac vessel (n=1), end-to-side
of the internal iliac vessel (n=1), gluteal perforator vessel
(n=1) and a long saphenous vein arteriovenous loop from
the groin (n=1).

A spinopelvic instrument reconstruction was performed
using double iliac screw fixation combined with posterior
lumbar segmental fixation. Bone reconstruction was per-
formed using a non-vascularised autologous fibula in four
patients, vascularised fibula in one patient and a tibia
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Figure 1 A. MRI of high-grade dedifferentiated sarcoma of the sacrum. B. Status after intra-lesional resection in another hospital
before en bloc tumour resection. C. After en bloc resection of the L5 corpus, sacrum and medial parts of both ilea. Soft tissue
resection extended inferior to the trochanter major of the right femur. D. Situation before reconstructive surgery after the removal
of negative pressure wound therapy (NPWT). E. Healed LD free flap and pedicled vastus lateralis and ALT flap 1 month after wound
healing and immediate rehabilitation. F. Post-operative radiograph.
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Table 2 Demographics and surgical details of the different reconstruction groups.
No reconstruction Immediate Delayed reconstruction
(n=5) reconstruction (n=11) (n=5) P-value*
Sex, F:M 4:1 5:6 0:5 0.043
Mean age (range) 55.8 (41-73) 62.7 (48-81) 43.4 (22-64) 0.164
Histology 0.061
Chordoma 5 8 2
HG sarcoma NOS 0 0 2
Chondrosarcoma 0 3 1
Mean resection size, cm3** 347.0 (88.4)n=5 1252.3 (687.6) n=9 2274.0 (2320.7) n=2 0.007
Hospital stay, days 16.2 (13.1) 15.7 (10.5) 36.2 (18.9) 0.055
ICU stay, days 0 (0) 1.6 (1.9) 5.0 (6.1) 0.006
Surgical time, hh:mm
Resection and immediate reconstruction  2:29 (0:48) 8:08 (3:01) 11:11 (1:47) 0.001
Delayed reconstruction surgery - - 6:27 (1:22)
Peri-operative blood loss (ml) 453 (320) 3393 (2583) 4560 (1601) 0.004
Number of unplanned re-operations 0.60 (0.89) 0.64 (1.03) 1.20 (1.10) 0.397

Data are presented as mean (SD) unless otherwise noted. * Kruskal-Wallis and chi-square tests as appropriate. ** Four values were missing

from the analysis.

0,8
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Overall survival

0,0

T
0 20 40

T J
60 80

Overall survival in months

Figure 2 Kaplan-Meier curve of overall survival.

allograft in one patient. The bone graft was fixed to the
host bone with additional cortical screws.

EQ-5D baseline data at ICU admission were available
for 10 of the 14 patients treated in the ICU. Follow-up
data were available for eight patients. Six of the 14 pa-
tients (43%) treated in the ICU had both pre-operative and
post-operative EQ-5D data and were included in the analy-

T T
100 120

sis. No significant difference was found between the pre-
and post-operative EQ-5D index or any of its dimensions

(Table 5).

All complications during surgery, hospital stay and

follow-up were recorded. Thirteen of the 21 patients (62%)
had a total of 25 complications. The most common com-
plication was post-operative infection (n =8 patients), with



1736

J. Kiiski et al.

Table 3  Peri-operative details of the different reconstruction groups.

No Immediate Delayed Total
reconstruction reconstruction reconstruction

Resection

Extended 0 0 1 1

Total 0 0 2 2

Hemisacrectomy 0 3 2 3

S1/2 resection 0 5 0 5

S2/3 resection 0 1 0 1

S3/4 resection 4 2 0 6

Coccyx 1 (0] 0 1
Reconstruction

Soft-tissue only - 9 0 9

Spinopelvic fixation + auto/allograft bone + soft = 2 1 3
tissue flap

Spinopelvic fixation + vascular bone transfer + soft = 0 1 1
tissue flap

Spinopelvic fixation 4 autograft bone + soft tissue = 0 3 3
free flap with/without vascular bone flap
Mesh

None 2 2 2 6

Absorbable 0 0 1 1

Semi-absorbable 1 7 1 9

Non-absorbable 2 2 1 5
Colostomy

No colostomy 5 5 0 10

Loop sigmoideostomy 0 2 0 2

End sigmoideostomy 0 4 3 7

Table 4 Soft tissue flaps and vascular bone transfers in the
immediate reconstruction (IR) and delayed reconstruction
(DR) groups.

Flap IR DR

Gluteal muscle
Unilateral
Bilateral
Fasciocutaneous flap based on gluteal vessels
VRAM
LAP
LD free flap
Distally based LD
Vastus lateralis and ALT
Vascular fibula bone transfer
Total 13 8
VRAM flap = vertical rectus abdominis myocutaneous flap, LAP

flap = lumbar artery perforator flap, LD flap = latissimus dorsi
flap, ALT flap = anterolateral thigh flap

- hOoON
=

A A AW

five patients requiring surgical interventions to control the
infection. Three patients had wound complications, two had
venous thromboembolism and two required lower extremity
fasciotomies due to compartment syndrome or rhabdomy-
olysis. Only one pedicled vertical rectus abdominis myocu-
taneous (VRAM) flap was lost. No other total or partial flap
losses were noted in this study. All microvascular flaps sur-
vived completely.

Table 5 EQ-5D index and dimensions for patients with full
pre- and post-operative data.

Pre-operative Post-operative P-value

EQ-5D index 0.81933 0.78933 0.600
Mobility 1.33 1.83 0.180
Self-care 1.00 1.33 0.157
Usual activities 1.17 1.50 0.317
Pain/discomfort 2.17 1.67 0.180
Anxiety/depression 1.17 1.00 0.317

Discussion

Algorithms have been proposed for the reconstruction of
total®'? and partial sacrectomy defects'®, but they do not
consider the duration of surgery or morbidity. Though these
previous studies on reconstruction after sacrectomy pro-
vide useful steps for soft tissue coverage and bone recon-
struction, they do not address the timing of reconstructive
surgery in more detail. Sacral resection may result in het-
erogeneous bone and soft tissue defects depending on the
size and location of the tumour. The factors that need to
be addressed are the need for spinopelvic fixation due to
pelvic instability, bone reconstruction, posterior abdominal
wall reconstruction and the amount of soft tissue needed
to fill the dead space and surface the defect. In such com-
plicated cases, reconstruction requires expertise from many
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different specialities® ®. The results of our study show that a
planned two-stage reconstruction for the largest tumours is
safe in a MDT setting and can be added to the reconstructive
algorithm.

Interestingly, we did not have any LRs in bone; three of
the LRs were in soft tissue and one was in the spinal canal.
This emphasises the need for en bloc wide margin resec-
tion not only in bone but also in soft tissues®. An intra-
operative computer navigation-assisted surgery can allevi-
ate bone resection, but adequate soft tissue margins remain
a challenge for orthopaedic oncologists'’. The need for ad-
equate soft tissue resection should not be limited by the
reconstructive possibilities. The possibility of free flap or
more complex reconstructions allows appropriate soft tis-
sue resection without the hardship of a limited amount of
local tissue.

The most commonly used flap for medium-sized defects
in our series was a gluteal muscle flap. Later in the series,
gluteal region fasciocutaneous flaps were also used. In most
cases, part of the fasciocutaneous flap was de-epithelialised
to fill the dead space. Our flap selection was in line with pre-
vious publications.®%12"> A major difference in our study
from previous publications was the use of a VRAM flap.
Pedicled VRAM has been widely used to reconstruct large
perineal and sacral defects after sacrectomy.®9-12:13.18 Only
one VRAM flap was used in our series; the flap was lost com-
pletely due to vascular compromise and multiple medical
complications. For large defects in which regional gluteal
muscle or a fasciocutaneous flap was insufficient, our pri-
mary flap choice was a microvascular LD flap. There are two
main reasons for preferring an LD free flap over a VRAM flap.
First, patients who underwent proximal, total or extended
sacrectomy need a permanent colostomy; therefore, com-
promising the anterior abdominal wall integrity with flap
harvest should be avoided. Although relatively rare, donor
site bulging, abdominal hernias and infections are possi-
ble complications of VRAM flap use." In addition to donor
site problems, a reason for avoiding an abdominal flap was
that the major reconstructions were carried out at a sec-
ond stage. The use of an abdomen-based flap would not
have been feasible in this setting because of the previous
abdominal surgery performed in the week prior to the re-
construction. Using an LD free flap, delayed reconstruction
can be carried out in the prone or decubitus position with-
out changing the position during the reconstructive surgery.
For most cases, there were sufficient local recipient vessels
for microvascular anastomosis. In one case, we used a long
saphenous loop as a recipient vessel for microvascular anas-
tomosis, as local vessels were unusable.? In our series, the
use of free flaps was successful, as we did not have vascular
compromise, take-backs or partial or total flap losses with
free flaps.

There was great variation in the reconstruction of the
posterior abdominal wall in this study. For most patients,
the posterior abdominal wall was reconstructed with either
non-absorbable synthetic mesh or semi-absorbable mesh.
The role of mesh in posterior abdominal wall reconstruc-
tion is controversial. Synthetic meshes have been used to
reconstruct sacral integrity.?' We had only one case of deep
infection that required mesh removal after 1 month. No in-
testinal fistulae or other intestinal complications directly
related to the mesh were noted in this study. A combina-

tion of a posterior approach, gluteal flaps and acellular hu-
man dermal matrix for sacrectomy defect reconstruction is
favoured over synthetic mesh to overcome infectious com-
plications.?22:2> Other authors have favoured soft tissue re-
construction for perineal and sacral defects.?*2> However,
no studies have directly compared synthetic mesh, biologi-
cal mesh and flap only for the reconstruction of sacral de-
fects.

Total sacrectomy, extended sacrectomy and hemisacrec-
tomy cause instability and discontinuity between the spine
and pelvis. In the literature, there are multiple choices
for reconstruction to facilitate early mobilisation and
better ambulation, and spinopelvic fixation using double
iliac screw fixation combined with posterior lumbar seg-
mental fixation is one of the most common procedures.”
Without iliolumbar ligamentous stability or other biological
support, spinopelvic fixation will eventually fail in good
survivors; therefore, vascularised or non-vascularised bone
reconstruction is recommended in addition to spinopelvic
fixation. The question of whether a bone graft should be
vascularised is controversial. When considering bone recon-
struction, some authors advocate the use of vascularised
bone transfer,26:% whereas others have reported similar or
better results with non-vascularised grafts.?3 In our se-
ries, we used vascularised bone graft, especially at the be-
ginning, but with increasing evidence of good results in the
literature, we changed to non-vascularised grafts without
any problems.

After an extremely complicated case of sacrectomy (pa-
tient number 3) with multiple complications due to poor
intra-operative homeostasis, excessive blood loss and kid-
ney failure, we wanted to examine the possibility of stag-
ing the reconstructive surgery in difficult cases. The benefit
of this planned delayed reconstruction is to allow the pa-
tient to recover from the combined anterior-posterior ap-
proach and avoid a prolonged time in the Mecca position.
Patient homeostasis and coagulative status can be optimised
for reconstruction during the week, and reconstruction can
be carried out safely. This approach enables patients to re-
cover longer than in the previously described staged sacrec-
tomy approach.3* An additional indication for converting
planned IR to DR is unexpected difficulty during the tu-
mour resection or anaesthesia resulting in excessive blood
loss, hypothermia or any other kind of disruption of the pa-
tient’s homeostasis. In this scenario, the reconstruction will
be converted to a planned delayed operation rather than
risking any additional deterioration of the patient’s condi-
tion. This would be comparable to damage control surgery
in many other indications.3'-32 For patients in whom the skin
cannot be closed in the primary operation, the wound is cov-
ered with dressing for NPWT during the recovery period. The
NPWT is changed once in the operating room and the wound
washed out. In very long and complicated extended sacrec-
tomies requiring free flaps, this planned DR is recommended
and should be openly introduced to the reconstruction
algorithms.

Our current algorithm for sacrectomies and subsequent
reconstruction is as follows:

(1) Partial sacrectomy distal to S3/4 level: Most of these
patients can be managed with primary closure of the
wound. In patients with more extensive soft tissue
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resection, reconstruction can be performed with local
flaps, either a gluteal muscle flap or local gluteal fas-
ciocutaneous flap.

(2) Partial sacrectomy above S3/4 level: This results in
moderate-sized soft tissue defects. These defects can
be reconstructed immediately with local gluteal muscle
or gluteal fasciocutaneous flaps. A mesh is used for per-
ineal or posterior abdominal wall closure if needed.

(3) Sagittal hemisacrectomy with moderate-sized soft tis-
sue defect: The defect can be reconstructed immedi-
ately with a posterior-only approach. Bone fixation is
carried out with double iliac screw fixation combined
with sacral or posterior lumbar segmental fixation and
fibula autograft. The soft tissue defect is reconstructed
with local pedicled flaps from the gluteal region.

(4) Sagittal hemisacrectomies with large volume tissue de-
fect: A posterior approach is used. Bone fixation is per-
formed and the wound closed directly or with NPWT. Af-
ter 1 week, a free flap is used to reconstruct the soft
tissue and/or bone defect in a second surgery. If no lo-
cal donor vessels are available, a long saphenous vein
arteriovenous loop is used.

(5) Total sacrectomy or partial sacrectomy with large vol-
ume defect requiring a free flap: The surgery is planned
in two stages. A combined anterior-posterior approach
is used for resection. In a total sacrectomy, spinopelvic
fixation is performed and the wound closed directly or
with NPWT. After 1 week, a free flap is used to recon-
struct the soft tissue and/or bone defect in a second
surgery.

(6) Patients with unexpected difficulties during tumour re-
section: In the case of an unexpected difficulty during
tumour resection or anaesthesia resulting in excessive
blood loss, hypothermia or any other kind of disruption
of the patient’s homeostasis, the surgery is performed
in two stages.

No significant decline was found in the EQ-5D index or any
of its five dimensions. There was a trend towards reducing
pain and discomfort, but the difference was not significant.
However, a limited number of patients treated in the ICU
had both pre-operative and post-operative QOL data avail-
able, and the statistical analysis was not able to demon-
strate any difference regarding the EQ-5D or its dimensions.
Some studies have reported the functional status of patients
who underwent sacrectomy using MSTS,'® PROMIS'! or other
scoring systems,® but these studies lack pre-operative com-
parisons.

The major limitations of this study are clearly its retro-
spective nature and limited number of patients, thus lim-
iting the statistical analysis. However, malignant primary
bone tumours in the sacrum are rare, and resections per-
formed due to other malignancies make the results more
heterogeneous; therefore, these patients were excluded.
The number of patients in this study, though low, is in line
with earlier reports.® In addition, though the study is retro-
spective, the QOL data were recorded in the ICU database
prospectively.

Conclusion

Free flap reconstruction is feasible for reconstructing large
sacrectomy defects, and the saphenous arteriovenous loop
is an alternative recipient site if local vessels are not avail-
able. In the most complex cases, surgery can be staged
safely and final reconstruction carried out within 1 week af-
ter ablative surgery without increasing peri-operative com-
plications. We recommend considering planned DR for very
long and complicated sacrectomies. Patients tolerate the
functional deficit caused by sacrectomy, and the surgery
does not have an immoderate effect on the measured QOL.
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Introduction: Pelvic exenteration (PE) is the only curative treatment for certain locally advanced intra-
pelvic malignancies. PE has high morbidity, and optimal reconstruction of the pelvic floor remains
undetermined.
Materials and methods: A retrospective chart review was performed at a tertiary university center to
assess the surgical and oncological outcomes of 39 PE procedures over a 12-year period. The majority of
patients (n=25) underwent transverse musculocutaneous gracilis (TMG) flap reconstruction for pelvic
floor reconstruction.
Results: The 1- and 5-year overall survival (0S) was 72% (95%Cl 58%—86%) and 48% (95%Cl 31%—65%),
respectively. In multivariate analysis, lymph node metastasis (HR 3.070, p = 0.024) and positive surgical
margins (HR 3.928, p =0.009) were risk factors for OS. In this population, 71.8% of the patients had at
least one complication. The complication rate was 65.4% and 84.6% for patients with versus without flap
reconstruction, respectively (p=0.191). The length of stay was longer for patients with a major
complication 16,0 + 5,9 days vs. 29,4 + 14,8 days, p = 0,001, but complications did not affect OS.
Conclusion: For selected patients, PE is a curative option for locally advanced, residual, or recurrent
intrapelvic tumors. Pelvic floor and vulvovaginal defects can reliably be reconstructed using TMG flaps.
TMG flaps are favored in our institution over abdominal-based flaps because the donor site morbidity is
reasonable and TMG does not interfere with enterostomy.

© 2019 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.

Introduction

Complete en bloc surgical resection with clear margins is para-
mount for patient survival in advanced and recurrent pelvic ma-
lignancies [1]. Pelvic exenteration (PE) is a complex surgical

Abbreviations: APE, anterior pelvic exenteration; DFS, disease-free survival;
DIEP, deep inferior epigastric artery perforator; OS, overall survival; PE, pelvic
exenteration; PET-CT, positron emission tomography-computed tomography; PPE,
posterior pelvic exenteration; TMG, transverse musculocutaneous gracilis; TPE,
total pelvic exenteration; TRAM, transverse rectus abdominis musculocutaneous;
VRAM, vertical rectus abdominis musculocutaneous.

* Corresponding author. Tampere University Hospital, BO Box 2000, 33521,
Tampere, Finland.
E-mail address: juha.kiiski@fimnet.fi (J. Kiiski).

https://doi.org/10.1016/j.ej50.2019.04.021

procedure involving partial or total removal of the pelvic organs.
Total pelvic exenteration (TPE) includes removal of the rectum,
genital organs, and bladder. Anterior pelvic exenteration (APE) in-
cludes partial or total removal of the vagina, removal of the uterus
and bladder. Posterior pelvic exenteration (PPE) includes partial or
total removal of the vagina, removal of the uterus and rectum.
Based on the extent of surgical resection, pelvic exenterations are

0748-7983/© 2019 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical Oncology. All rights reserved.
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classified as type I (supralevator), type II (infralevator), or type III
(infralevator with vulvectomy). PE was first described by
Brunschwig in 1948 as a palliative procedure, but PE is now per-
formed mainly in selected patients with curative intent [2,3].

PE has considerable morbidity, and the patient's quality of life is
negatively affected by one or two permanent ostomies. Further-
more, the pelvic visceral anatomy is profoundly altered, and the
integrity of the pelvic floor is weakened, creating a risk of post-
operative complications and functional problems. In contemporary
publications, the postoperative complication rates after PE range
from 56% to 94% [1,4—7], while 5-year overall survival (OS) ranges
from 22% to 62% [8—11]. The most important predictors of survival
are clear surgical margins [1,8,12] and negative lymph node status
[13].

Reconstruction after PE entails securing the pelvic floor, filling in
the dead space, and forming a neovagina in selected patients who
undergo total PE. Studies show that the results of autologous
reconstruction are superior to those of synthetic mesh- or acellular
dermal matrix-based solutions [14]. Myocutaneous flap recon-
struction has a reduced major pelvic floor wound complication rate
compared to primary closure after extensive pelvic floor resection
[15]. Flaps based on the inferior epigastric artery are most
commonly used for pelvic floor and vaginal reconstruction,
including the vertical rectus abdominis musculocutaneous (VRAM)
flap, transverse rectus abdominis musculocutaneous (TRAM) flap,
or, more recently, the deep inferior epigastric artery perforator
(DIEP) flap [15—17]. Abdominally-based flaps interfere with
abdominal wall integrity; this is noteworthy because many PE pa-
tients require urinary diversion and/or end colostomy [1,9]. Pelvic
floor reconstruction by transverse myocutaneous gracilis (TMG)
flap was first described by Kolehmainen et al. [18]. TMG flap is often
the most feasible local option for pelvic floor and vaginal recon-
struction, and this option does not impair abdominal wall integrity
[19].

This retrospective chart review was performed to evaluate
oncological outcomes and complications related to PE and TMG flap
reconstruction in a tertiary university center over a 12-year period.

Materials and Methods
Selection criteria

This was a retrospective cohort study of all patients who un-
derwent PE surgery between January 1, 2005 and December 31,
2016 for an oncological indication at Tampere University Hospital.
The study was approved by our institutional review board (ETL
code R16582). Patients were identified from our electronic medical
records and surgical database. Preoperative evaluation included a
laboratory work-up, clinical examination of the patient, and mag-
netic resonance imaging to evaluate the size of the tumor and its
relationship with the nearby organs. Whole body positron emission
tomography-computed tomography (PET-CT) was used to exclude
distant metastasis. All patients underwent curative intent surgery.

Variables and measurements

The following data were obtained: patient demographics,
comorbidities, operative details, histopathological results, pre- and
postoperative radiotherapy, chemotherapy, and complications.
Complications were classified according to Clavien-Dindo classifi-
cation [20]. Complications classified as 3b or higher were catego-
rized as severe. All complications were collected from the date of
exenteration to the date of last contact. Disease relapse (local
relapse or metastasis) information was determined from medical
records, and deaths were identified from the national population

database. Disease-free survival (DFS) was measured from the date
of exenteration to the date of recurrence, date of death or date of
last contact. OS was measured from the date of exenteration to the
date of death or date of last contact.

Surgical technique

All patients are evaluated with gynecologic oncologist and
plastic surgeon prior the operation. Patients undergoing TPE
receive sexual counselling from specialized nurse and are offered
vaginal reconstruction.

The patient is placed in the dorsal lithotomy position. Colostomy
and possible uretero-ileo-cutaneostomy locations, as well as TMG
flap landmarks, are marked preoperatively. The pelvis is
approached by a midline laparotomy incision. At laparotomy, the
entire abdomen and pelvis are carefully examined for any evidence
of metastatic or intraperitoneal cancer, and the lower para-aortic
lymph nodes are sampled for frozen section analyses. If these are
negative, a bilateral pelvic lymphadenectomy is performed, and an
immediate frozen section analysis is performed to determine
whether the operation should continue. The size and location of the
tumor dictates the type (type I, II, or IlI) of exenteration that is
required to obtain clear surgical margins.

Once the tumor has been resected, the reconstructive team
starts the flap harvest while the oncology team performs urinary
diversion. Our TMG flap harvest technique for pelvic floor and va-
gina reconstruction has been described in detail previously [19]. For
unilateral reconstruction, a skin paddle that is approximately
8—10 cm by 20 cm is harvested with the gracilis muscle divided at
the distal part near the knee joint. A bilateral TMG flap is used for
vaginal reconstruction as well as in cases with extended perineal
skin resection. In these cases, the skin island is approximately
6—7 cm by 20 cm. Reconstruction starts with distal skin incision
and continued until muscular fascia. Fascia is opened over gracilis
muscle and muscle is dissected all the way near knee joint. Anterior
part of the proximal skin incision is carried out to muscle fascia.
Vascular pedicle is identified under adductor muscle in it is
dissected free from surrounding tissues and motor nerve is divided.
Rest of the skin paddle and distal muscle insertion are incised to
finalize the flap harvest. After flap harvest, a tunnel is created under
the labia, and flaps are pulled through. The posterior and anterior
parts of the skin island are de-epithelialized, and a neovagina is
formed by suturing the skin paddles together, starting from the
ventral portion of the neovagina. The posterior part of the de-
epithelialized skin is sutured to Cooper's ligaments, and the distal
portion of the muscles are sutured posteriorly to the pelvic floor
through the laparotomy wound to fill the dead space and the pelvic
floor defect and to prevent bowel herniation (Fig. 1a—h). Donor
sites are closed directly with a suction drain. Key points of the
reconstructive procedure are shown surgical video (Supplement 1).

Supplementary video related to this article can be found at
https://doi.org/10.1016/j.ejs0.2019.04.021.

Statistical analysis

Categorical variables were compared using a chi-square test.
Continuous variables were compared using an independent sample
t-test. DFS and OS were assessed with the Kaplan-Meier method,
and statistical significance was determined using a log-rank test.
Cox regression analysis was used to identify independent factors
affecting survival. All statistical analyses were performed using
SPSS Statistics 24.0 (IBM Armonk, NY, USA), and a p-value less than
0.05 was considered significant.
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Fig. 1. PPE with most of the posterior and lateral walls resected (a) and after bilateral TMG flap reconstruction (b). Infralevator TPE (c), pelvic floor filling with de-epithelialized skin
and muscle flap viewed from abdominal cavity (d) and vaginal reconstruction (e). PPE with posterior vaginal wall resection (f) with unilateral TMG flap reconstruction (g and h).
PPE = posterior pelvic exenteration, TMG = transverse myocutaneous gracilis, TPE = total pelvic exenteration.

Results

During the 12-year study period, 38 women underwent a total
of 39 exenteration operations. One patient underwent a first APE
and then, two years later, underwent PPE after local recurrence. The
mean patient age was 59.3 + 12.2 years, and the mean follow-up
was 35.1 (range 2.5—123) months. Table 1 shows the patients’ de-
mographic characteristics, comorbidities, and body mass index
(BMI) values.

Of the 39 patients, 26 (66.7%) underwent TPE, 11 (28.2%) un-
derwent PPE, and 2 (5.1%) underwent APE. The mean surgical time
was 428 + 56 min for TPE and 374 + 49 min for combined APE and
PPE (p = 0.032). The mean length of stay was 22.5 days for the TPE
group and 15.5 days for the combined PPE and APE groups
(p=0.024). The length of stay was 16.0 +5.9) days for patients
without severe complications and 29.4 + 14.8 days for patients with
severe complications (p = 0.001). While 15 (38.5%) patients had a

Table 1
The demographic characteristics, comorbidities, body mass index values, tumor
types, and radiotherapy status of 39 patients who underwent pelvic exenteration.

Mean Range
Age 59,3 30-78
Body mass index 26,2 16,0-38,0
N %
Diabetes 4 10,3
Chronic heart disease 2 51
Chronic pulmonary diasease 1 2,6
Primary tumor 15 38,5
Tumor recurrence 24 61,5
Radiotherapy
Pre-operative 29 744
Post-operative 1 2,6
None 9 23,0

primary surgical procedure, 24 (61.5%) had a secondary salvage
procedure after previously failed primary therapy. A total of 29
(74.4%) patients had pre-operative radiotherapy, and 1 (2.6%) pa-
tient had post-operative radiotherapy. Table 2 lists the primary
locations and histology of the tumors. Nine (23.1%) patients had
local lymph node metastasis.

We found that 27 (69.2%) patients underwent flap reconstruc-
tion for pelvic floor and/or vaginal reconstruction. Of these, 17
(43.6%) had bilateral TMG flap reconstruction, 9 (23.1%) had uni-
lateral TMG flap reconstruction, and 1 (2.6%) had TRAM flap
reconstruction; 12 (30.8%) patients had no flap reconstruction for
the pelvic floor defect (Fig. 2). Out of 26 patients who underwent
TPE, 12 (46,2%) had vaginal reconstruction. Bilateral TMG flap was
used for all vaginal reconstructions in the TPE group.

The 1- and 5-year DFS of all patients was 58% (95%Cl 43%—74%)
and 45% (95%C1 28%—68%), respectively, and the 1- and 5-year OS of
all patients was 72% (95%CI 58%—86%) and 48% (95%CI 31%—65%),
respectively. Factors affecting OS in univariate analysis were BMI
over 30 (p=0.028), lymph node metastasis (p = 0.048), and posi-
tive surgical margins (p=0.001) (Table 4). When these were
applied to multivariate analysis, only positive surgical margins
(p=0.009) and lymph node metastasis (p = 0.027) were significant
factors that contributed to OS (Table 4). The mean OS for patients
with negative surgical margins was 84 months (95%Cl 64—105
months) versus 17 months (95%CI 7.8—27 months) for patients with
positive surgical margins (p <0.001) (Fig. 3a). The 1-year OS of
patients with intralesional surgical (R2) resection (n = 3) was 33%
(OS range, 10—15 months). The mean OS was 20 months (95%CI
12—29 months) for patients with lymph node metastasis and 77
months (95%Cl 58—97 months) for patients without lymph node
metastasis (p = 0,039) (Fig. 3b).

There was a total of 49 complications in 28 (71.8%) patients. The
complication rate was 65.4% and 84.6% for patients with versus
without flap reconstruction, respectively (p=0.191). Prior
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Tumor histology and primary location of the tumor in 39 patients who underwent

pelvic exenteration.
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Histology N %
Adenocarinoma 20 51,3
Spinocellular ca 12 30,8
Melanoma 5 128
Cystadenocarcinoma 2 51
Primary location

Cervix 12 308
Vagina 7 17,9
Vulva 6 15,4
Uterus 5 12,8
Rectum 5 128
Ovary 3 7,7
Urethra 1 2,6

radiotherapy, BMI, diabetes, and age did not affect the complication
rate. A total of 12 patients (30.8%) had at least one severe compli-
cation, and the most common complications were infection (43,6%)
and local wound dehiscence (33,3%) (Table 3). There was one
complication that was directly flap-related, a minor edge necrosis
of a TMG flap that was treated with excision and direct closure. The
most severe complication of each patient according to Clavien-
Dindo classification is shown in Table 3.

Discussion

PE remains the only curative alternative for certain locally
advanced, residual, or recurrent tumors of the pelvic organs,
especially those involving the female reproductive organs. Even
though a majority of the patients in this series experienced surgical
or medical complications, the 5-year OS rate approached 50% with
no perioperative mortality.

Careful patient selection, planning, and a multidisciplinary team
approach are paramount for successful PE. Patient age was not

12 not reconstructed
(all prior 2010)

39 operated

27 reconstructed

8PPE | [ 1aPE |
13 bilateral 4 bilateral
™G T™MG
4 unilateral 4 unilateral 1 unilateral
T™MG T™MG TMG
12 vaginal 8 vaginal 1 vaginal
reconstructions reconstructions reconstruction

Fig. 2. Exenterations and their reconstructions. TPE=total pelvic exenteration,
PPE = posterior pelvic exenteration, APE = anterior pelvic exenteration. TMG = trans-
verse myocutaneous gracilis flap, TRAM = transverse rectus abdominis flap.

associated with an increased risk of complications or with OS,
highlighting the importance of individualized decision making for
this patient group [10,21]. Patients require close follow-up in the
post-operative period, as complications are common after PE. Pa-
tients also required interventions by multiple specialties during the
post-operative period. The overall length of stay of 22.5 days for TPE
was similar to that in other cohorts [1,13,22].

PE can be performed for curative intent in patients who present
with advanced or recurrent pelvic malignancies. Our 5-year OS of
48% was comparable to that in larger patient cohorts [2,4]. BMI
affected OS in univariate analysis but not in multivariate analysis.
Obesity has not been shown to affect recurrence or OS in patients
who undergo PE for a gynecological indication [23]. In multivariate
analysis, only negative surgical resection margins (R0) and negative
lymph node status had a positive effect on patient survival. Both
negative surgical margins [1,9,13,24] and negative lymph node
status [13,24] have been shown to be predictive for survival.

There was a tendency toward a lower complication rate in the
flap reconstruction, cohort, although this did not reach statistical
significance. Flap closure is superior to primary closure for pelvic
floor defects following oncologic resection [15]. Reconstruction
after PE has three main goals: securing the pelvic floor in order to
prevent perineal herniation of the bowel; filling in the dead space;
and forming a vagina, either partially or entirely. A variety of
methods have been described, ranging from free skin and bowel
grafts to local flaps, muscle flaps, and myocutaneous flaps [25,26].
Of these alternatives, only vascularized fasciocutaneous or myo-
cutaneous flaps can achieve all three of these goals. Both mesh and
acellular dermal matrix have been used previously to support the
pelvic floor, but these are associated with increased infection rate
and fistulas [14]. Furthermore, autologous reconstruction is needed
for patients who want to be able to have intercourse.

The TMG flap is conveniently located in the upper thigh,
providing a pliable flap with a width of 6—10 cm and a length up to
26 cm, and, together with the gracilis muscle, has enough bulk to
fill in the pelvic floor. It can be raised as a unilateral or bilateral flap,
depending on the reconstructive requirements and the amount of
expendable tissue. We found that TMG flaps are versatile tool for
pelvic floor and vaginal reconstruction after PE. Bilateral TMG
reconstruction is indicated for TPE patients who wish to have
vaginal reconstruction and PPE patients whos vaginal resection
included, not only posterior wall of the vagina, but resection
extended to the lateral wall. Bilateral TMG flaps are also required
for some patients who undergo concomitant radical vulvectomy.
Remaining of the defects can be reliably reconstructed with uni-
lateral TMG flap. Horizontally oriented skin paddle in TMG flap was
reliable with only one minor skin edge necrosis in this series.
Reconstructing the pelvic floor and vagina with a unilateral or
bilateral TMG flap has been our preferred choice since 2011 [19].
Vaginal reconstruction was offered to all patients with TPE and was
performed on 12 patients.

TMG flaps have two additional advantages over abdominal-
based flaps (VRAM/TRAM or DIEP flaps). First, patients undergo-
ing TPE required urinary diversion and colostomy through the
abdominal wall. Harvesting the flap from the abdomen is associ-
ated with significant donor site morbidity as it weakens the ante-
rior abdominal wall resulting abdominal wound complication rate
up to 48% [16]. Some prefer gracilis flap over abdominal flap when
bilateral ostomies are needed [27]. However, there is no clear evi-
dence that use of abdominal flap would increase abdominal her-
niation risk [15,28] Second, harvesting the TMG flaps and
reconstruction of the pelvic floor can be performed while the
urologist performs urinary diversion. Our mean surgical time of
428 min was comparable to the 335—725 min reported for re-
constructions with abdominal-based flaps in previously published
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Fig. 3. Kaplan-Maier plots showing overall survival (OS) in patients with RO or R1/2 resection margins (A) with or without lymph node metastasis (B).

series [17,29]. There are no prospective studies comparing thigh or
abdominal based flaps for pelvic floor and vaginal reconstruction.
No differences were detected on outcomes or complications when
thigh and abdominal flaps were compared in meta-analysis or
recent retrospective studies [15,27,30].

Our overall complication rate of 71.8% was similar to the rates in
previous publications [1,9,13]; notably, earlier reports did not al-
ways define complication severity. Here we stratified complication
severity using the Clavien-Dindo classification. In our cohort, the
majority of complications were minor complications, and the se-
vere complication rate was 30,8%. Severe complications prolonged

the length of stay but did not affect the DFS or OS. The most
common complications were infectious complications, and the
majority of these were managed with antimicrobial treatment.
Wound dehiscence was the most common operatively-managed
complication. There were three post-operative decubital ulcers.
We were not able to retrace the timing of these ulcers nor could we
determine whether proper preventive measures failed or whether
the decubital ulcer risk was disregarded during post-operative care.
There was only one direct flap-related complication with partial
flap loss in this cohort. Our flap-related complication rate was
lower than in series that used abdominal-based flap reconstruction
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Table 3
Complications (number and percentage) and the grade of the most severe compli-
cation in 39 patients who underwent pelvic exenteration.

Complication n %
Infection 17 43,6%
Wound dehiscence 13 33,3%
Enteral fistula 3 7.7%
Postoperative decubital ulcer 3 7.7%
Acute kidney injury 2 51%
Pelvic evisceration 1 2,6%
Urinary fistula 1 2,6%
Urinary incontinence 1 2,6%
Cardiac insufficiency 1 2,6%
Hernia/bulging 1 2,6%
Thromboembolic complication 1 2,6%
Flap loss

Partial 1 2,6%

Total 0 0%
Clavien-Dindo grade n %
1 4 10,3%
2 8 20,5%
3a 4 10,3%
3b 10 25,6%
4a 2 5,1%

[16,17].

One limitation of this study was its retrospective nature.
Although the number of patients who underwent PE during the 12-
year study period was comparable to the number in some earlier
reports [5,13], the heterogeneity of the tumor location and histol-
ogy limited its statistical power for detecting risk factors for com-
plications as well as histology-specific survival. No patient-
reported outcome measures were available for this patient cohort.

In conclusion, in carefully selected patients who are treated by
an experienced multidisciplinary team, PE is a possible curative
option for recurrent gynecological, urological, and gastrointestinal
cancers. Clear surgical margins are paramount for survival and
should be the goal in every case. Pelvic floor and vulvovaginal de-
fects can be reconstructed with TMG flaps without additional
morbidity.
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m ONCOLOGY

Surgical and oncological outcomes after
hindquarter amputation for pelvic sarcoma
WHO WILL BENEFIT FROM THE PROCEDURE?

Aims

Survival rates and local control after resection of a sarcoma of the pelvis compare poorly
to those of the limbs and have a high incidence of complications. The outcome for patients
who need a hindquarter amputation (HQA) to treat a pelvic sarcoma is poor. Our aim was
to evaluate the patient, tumour, and reconstructive factors that affect the survival of the
patients who undergo HQA for primary or recurrent pelvic sarcoma.

Methods

We carried out a retrospective review of all sarcoma patients who had undergone a HQA
in a supraregional sarcoma unit between 1996 and 2018. Outcomes included oncological,
surgical, and survival characteristics.

Results

A total of 136 patients, with a mean age of 51 (12 to 83) underwent HQA, 91 for a bone
sarcoma and 45 for a soft tissue sarcoma. The overall survival (OS) after primary HQA for

a bone sarcoma was 90.7 months (95% confidence interval (Cl) 64.1 to 117.2). In patients
undergoing a secondary salvage HQA it was 90.3 months (95% CI 58.1 to 122.5) (p = 0.727).
For those treated for a soft tissue sarcoma (STS), the mean OS was 59.3 months (95%

Cl 31.1 to 88.6) for patients with a primary HQA, and 12.5 months (95% CI 9.4 to 15.5) for
those undergoing a secondary salvage HQA (p = 0.038). On multivariate analysis, high
histological grade (hazard ratio (HR) 2.033, 95% CI 1.127 to 3.676; p = 0.018) and a diagnosis
of STS (HR 1.653, 95% Cl 1.027 to 2.660; p = 0.039) were associated with a poor prognosis.
The 30-day mortality for patients with curative intent was 0.8% (1/128). For those in whom
surgery was carried out with palliative intent it was 33.3% (2/6) (p = 0.001). In total, 53.7%
(n = 73) of patients had at least one complication with 23.5% (n = 32) requiring at least one
further operation. Direct closure was inferior to flap reconstruction in terms of complete
primary wound healing (60.0% (3/5) vs 82.0% (82/100); p = 0.023).

Conclusion

In carefully selected patients HQA is associated with satisfactory overall survival, with a
low risk of perioperative mortality, but considerable morbidity. However, caution must be
exercised when considering the procedure for palliation due to the high incidence of early
postoperative mortality.
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Introduction

Sarcomas are rare malignant mesenchymal tumours
which constitute approximately 1% of all malignan-
cies' and 5% to 15% of all tumours of the pelvis.>*
Tumours arising in the pelvis present a unique chal-
lenge to orthopaedic oncologists due to the absence
of natural anatomical barriers, the close proximity
of vital neurovascular structures, and the high
mechanical demands placed on any pelvic recon-
struction following the excision of the tumour.

Most osseous and soft tissue sarcomas (STS)
of the pelvis are now managed by limb salvage
surgery, principally by internal pelvic resection.*”
However, in cases of advanced disease or where
the ability to achieve clear margins at resection
are compromised by limb salvage surgery, hind-
quarter amputation (HQA) may still be consid-
ered. HQA may also be considered in patients in
whom the limb would be rendered useless after
tumour resection as palliation for the treatment of
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Surgical indication for hindquarter

amputation
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No surgery,
consider other «
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Fig. 1

Algorithm diagram for hindquarter amputation.

intractable pain or to aid nursing care in the case of advanced
disease. While no absolute criteria exist, the consensus among
orthopaedic oncologists is that involvement by tumour of two of
the three critical structures around the pelvis, the iliac vessels,
the hip joint, and the sciatic nerve, warrants consideration of
HQA.!° These anatomical considerations should not be consid-
ered in isolation, and consideration should also be given to the
patients’ age, comorbidities, and their willingness to undergo
life-changing ablative surgery.'®!

Although considerable advances have been made in their treat-
ment, the prognosis for patients with a primary pelvic sarcoma
continues to be worse than that of patients with a sarcoma of the
limbs as tumours often present late, by which time they have
achieved a significant size, and have often metastasized.'>!*
Poor prognostic factors for patients undergoing pelvic resection
for a primary malignancy include age, tumour volume, surgical
margin, and metastasis at presentation.®!® Results are more
often based on limb salvage procedures, and papers reporting
the outcomes of HQA often describe relatively small numbers
of patients'®'® or, due to the rarity of the procedure, they include
benign conditions such as infection. They may also include
patients who have been treated over a long period, during which
time pelvic imaging, whole-body staging, or the indications for
internal pelvic resection have changed.''** Thus, the factors
that affect disease specific and overall survival (OS) after HQA
have not been clearly described.

The aims of this study were firstly to evaluate specific
patient and tumour characteristics that correlate with the
most significant benefit from HQA in the era of limb salvage
surgery, taking into consideration advances in treatment,
diagnostics, and multidisciplinary management. Secondly, to
evaluate if the method of reconstruction after HQA had any
effect on overall or disease-specific survival, or on the inci-
dence of complications.

VOL. 102-B, No. 6, JUNE 2020

Methods

Following institutional review board approval, we carried out
a retrospective review of all patients undergoing HQA between
January 1996 and August 2018 in a single tertiary referral
centre for sarcoma. Patients were identified from a prospec-
tively maintained database which records all patient contacts as
well as details of demographics, tumour characteristics, surgical
resection, and complications. The study period was selected
on the basis that during this time, all patients with the most
common indications for HQA (primary malignant tumours of
bone and STS) were managed in a comparable way by multidis-
ciplinary team discussion and the use of modern chemotherapy
and radiotherapy regimens, where indicated. A minimum 12
months’ follow-up and complete histopathology records were
required for all surviving patients. Patients who underwent
HQA for diagnoses other than sarcoma were excluded.

HQA was classified as extensile if the bone resection extended
medial to the sacroiliac joint, to include the sacral ala, sacral
or lumbar vertebrae, or the abdominal wall. Primary curative
surgery was defined as treatment which aimed to cure, that is,
in patients who had not undergone any surgery to the primary
tumour and who did not have metastatic disease. Secondary
salvage surgery was defined as treatment in which previous
limb-salvage surgery had failed because of local recurrence
(LR). Palliative surgery was considered only in patients who
surgery would not cure, such as those presenting with inoper-
able metastatic disease. Patients who presented with synchro-
nous metastases, but whose metastases were resected before
or after HQA, were considered be of curative intent. Primary
healing was defined as a lack of a need for any revision surgery
or local wound therapy over a one-month period following the
index procedure. Partial flap loss was defined as the need for
any surgical debridement of the wound due to partial or total
necrosis of the flap.
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Table I. Patient demographics.

Characteristics Patients
Eligible patients, n 136
Male, n (%) 80 (58.8)
Mean age, yrs (range) 51 (12 to 83)
Bone sarcoma, n (%) 91 (66.9)
Total hemipelvis 30 (22.1)
llium 17 (12.5)
Acetabulum 17 (12.5)
Pubic or ischial bone 3(2.2)
Proximal femur 24 (17.6)
Soft tissue sarcoma, n (%) 45 (33.0)
Thigh 24 (17.6)
Gluteal 17 (12.5)
Groin 4(2.9)
Histology
Chondrosarcoma 56 (41.2)
Osteosarcoma 28 (20.6)
Ewing's sarcoma 2(1.5)
Parosteal osteosarcoma 1(0.7)
Periosteal osteosarcoma 1(0.7)
Undifferentiated pleomorphic sarcoma, n (%) 23 (16.9)
Leiomyosarcoma 6 (4.4)
Angiosarcoma 2(1.5)
Myxoid liposarcoma 4(2.9)
Synovial sarcoma 4(2.9)
Malignant peripheral nerve sheet tumour 3(2.2)
Triton tumour 2(1.5)
Fibrosarcoma 2(1.5)
Extraskeletal chondrosarcoma 1(0.7)
Liposarcoma 1(0.7)
Mean size, cm (range) 16.2 (5 to 49)
Mean tumour volume, cm?® (range) 2,944 (100 to
39,700)
Mean closest margin, mm (range) 8.5 (0 to 120)
Positive surgical margin (R1/2), n (%)
Bone 17 (18.7)
STS 14 (31.1)
Surgical attempt, n (%)
Primary surgical procedure 83 (61.0)
Secondary surgical procedure 53 (39.0)
Extent of amputation, n (%)
Standard 92 (67.6)
Extended 40 (29.4)
Missing 4(2.9)
Preoperative chemotherapy, n (%)
Bone 15 (16.9)
STS 7(16.3)
Preoperative radiotherapy, n (%)
Bone 2(2.3)
STS 14 (27.3)
Indication for surgery, n (%)
Curative 128 (94.1)
Palliative 6(4.4)
Missing 2(1.5)
Alive at latest follow-up 57 (41.9)
Local recurrence 36 (26.5)
Metastasis 67 (49.3)

STS, soft tissue sarcoma.

Follow us @Bone]oint]

During the period of study, all patients underwent pelvic
MRI and CT scanning to evaluate the extent of local disease
and systemic staging depending on the histology of the primary
tumour. The histology and imaging studies were reviewed in a
supraregional sarcoma Multidisciplinary Team (MDT) meeting
where the tumour type, staging, indication for neoadjuvant
therapy, and operative management were discussed (Figure 1).
The decision to undertake HQA was based on the underlying
diagnosis, the staging of the patient, the volume of the tumour,
the projected achievable margins had limb salvage been contem-
plated, and the wishes of the patient and their family. Patients
received counselling from the special limb fitting services prior
to amputation.

The cohort consisted of 136 patients, with a mean age of 51
(12 to 83) years who underwent HQA during the study period.
In total, 59% (n = 80) of the patients were male. Most under-
went HQA to treat a sarcoma of bone (66.9%, n = 91). In 83
patients (61%) HQA was intended to be curative while in the
other 53 (39%) it was for secondary salvage following tumour
recurrence or failed limb-salvage surgery. The intent was cura-
tive in 128 (94.1%), palliative in six (4.4%), and unavailable in
two (1.5%). Patient demographics are summarized in Table 1.
Statistical analysis. Median and mean values with ranges were
calculated for continuous variables. Overall survival was meas-
ured from the date of HQA to the date of death or date of last
follow-up. Local recurrence-free survival (LRFS) was meas-
ured from the date of the HQA to the date of local recurrence,
date of death or date of last follow-up. Kaplan-Meier curves
were constructed to assess overall survival and LRFS and the
log-rank test was used to test the statistical significance. Cox
proportional hazard model was used to assess factors affecting
the overall survival. We calculated the 95% confidence inter-
val (CI) for relative risks. The Mann-Whitney U test and chi-
squared test were used to test the statistical significance for con-
tinuous and categorical variables, respectively. A p-value < 0.05
was considered statistically significant. All statistical analyses
were carried out using SPSS Statistics 24.0 (IBM, Armonk,
New York, USA).

Results

Patient-related outcomes. The mean overall survival for
patients with a primary bone sarcoma was 90.7 months (95%
CI 64.1 to 117.2) for primary curative surgery, and 90.3 months
(95% CI 58.1 to 122.5) for secondary salvage surgery (p =
0.727, log-rank test) (Figure 2a). The mean tumour volume
for primary and salvage groups was 3,748 cm?® (SD 2,738) and
1,519 cm® (SD 1,795), respectively (p < 0.001, Mann-Whitney
U test). For patients undergoing HQA as treatment of a STS
with primary curative intent, the mean overall survival was
59.3 months (95% CI 31.1 to 88.6), compared with 12.5 months
(95% C1 9.4 to 15.5) for patients undergoing secondary salvage
surgery (p = 0.038, log-rank test) (Figure 2b). The mean tu-
mour volume for primary and salvage groups was 3,318 cm?
(SD 2,536) and 2,227 cm® (SD 2,017), respectively (p = 0.162,
Mann-Whitney U test). The one-, three-, and five-year overall
survival are presented in Table II. On multivariate analysis, fac-
tors associated with a poor prognosis for overall survival in-
cluded HQA as treatment for STS (hazard ratio (HR) 1.653;
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a) Survival after hindquarter amputation for bone sarcoma as a primary surgical procedure and salvage surgical procedure after local recurrence. b)
Survival after hindquarter amputation as a primary surgical procedure and salvage surgical procedure for soft tissue sarcoma after local recurrence.

Table Il. One-, three-, and five-year osteosarcoma. Log-rank test for mean survival time.

Variable 1-yr OS, % (95% Cl) 3-yr 0S, % (95% CI) 5-yr 0S, % (95% CI) p-value
Tumour location 0.008

Bone 71.5 (62.0 to 80.8) 52.5 (41.5 to 63.5) 47.2 (35.6 to 58.8)

Soft-tissue 62.1(31.9 to 62.5) 27.5(12.0 to 43.0) 24.0 (9.1 to 38.9)

Histology

Chondrosarcoma (CS) 77.8 (66.6 to 89.9) 64.0 (50.3 to 77.7) 20.2 (4.5 to 35.9) N/A
Osteosarcoma 64.3 (45.9 to 82.7) 36.7 (18.1 to 55.3) 32.1(13.7 to 50.5) 0.017 vs CS
UPS 66.6 (46.2 to 87.0) 41.6 (15.9 to 67.3) 31.2 (4.9 to 57.5) 0.100 vs CS
Other 56.4 (37.0 to 75.8) 20.2 (4.5 to 35.9) 20.2 (4.5 to 35.9) <0.001 vs CS
Grade

Grade 1 100 100 100 N/A

Grade 2 94.7 (84.7 to 100) 66.0 (43.9 to 88.1) 52.0 (27.3t0 76.7) 0.010 vs grade 3
Grade 3 60.3 (50.5 to 70.1) 38.0 (27.4 to 48.6) 34.6 (24.0 to 45.2) 0.018 vs grade 3
Closest margin 0.017
>1mm 79.4 (69.8 to 89.0) 48.8 (36.1 to 61.5) 46.2(33.3 to 59.1)

<1Tmm 55.9 (43.2 to 68.6) 41.4(28.1 to 54.7) 34.1(20.8 to 47.4)

Sex 0.183

Female 69.0 (56.7 to 81.3) 52.3 (38.6 to 66.0) 49.5 (35.4 to 63.6)

Male 68.3 (57.5t0 79.1) 39.4(27.1t0 51.7) 32.9 (20.6 to 45.2)

Timing of the surgery 0.257
Primary 72.6 (62.6 to 82.6) 48.9 (36.9 to 60.9) 42.5 (30.0 to 55.0)

Salvage 62.1 (48.6 to 75.6)% 39.5(25.4t0 53.6) 36.8 (22.7 to 50.9)

Extent of the surgery 0.302
Standard 67.7 (68.3t0 77.1) 39.6 (28.0t0 51.2) 35.9(24.3 to 47.5)%

Extended 69.9 (55.6 to 84.2) 61.9 (46.6 t0 77.2) 52.0 (35.5 to 68.5)

Tumour volume

< 1,000 cm?® 70.3 (54.8 to 85.8) 51.4 (34.2 to 68.6) 41.7 (24.6 to 58.8) N/A

1,000 to 1,999 cm?®
2,000 to 3,999 cm®
> 4,000 cm?®

69.4 (51.8 to 87.0)
64.3 (46.5 to 82.1)
66.6 (48.6 to 84.6)

44.9 (22.0 to 67.8)
41.5(22.7 to 60.3)
35.7 (14.7 to 56.7)

33.7 (8.0 to 59.4)
41.5(22.7 t0 60.3)
35.7 (14.7 to 56.7)

0.453 vs < 1,000 cc
0.649 vs < 1,000 cc
0.379 vs < 1,000 cc

Cl, confidence interval; CS, chondrosarcoma; N/A, not applicable; OS, overall survival; UPS, undifferentiated pleomorphic sarcoma.

95% CI 1.027 to 2.660; p = 0.039) and high grade histological
subtypes, including both bone and soft tissue (HR 2.033; 95%

CI 1.127 t0 3.676; p = 0.018).

The incidence of local recurrence in patients undergoing
HQA was 25.3% (23/91) for a bone sarcoma and 28.9% (13/45)
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fora STS. LRFS was 96.5% (95% CI 93 to 100) at one year and
61.5% (95% CI 48 to 75) at five years for patients with a bone

sarcoma, and 87.5% (95% CI 77 to 98) at one year and 43.1%

(95% 19 to 67) at five years for those with a STS (p = 0.216).
None of the variables investigated, including tumour grade,
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Table lll. Number (%) of flaps used, flap loss rate, and primary healing
rate. Complete flap survival was defined as complete flap survival
without any need for flap revision or wound necrosis. Primary healing
was defined as no need for any takeback to theatre and no prolonged
local wound therapy.

Flap n (%) Complete Reoperation, Primary
flap survival, n (%) healing,
n (%) n (%)

Posterior gluteal 50 (36.8) 39 (78.0) 11 (22.0) 32 (64.0)

flap

Anterior thigh flap 42 (30.9) 36 (85.7) 9(21.4) 31(73.8)

Fillet flap 6(4.4) 5(83.3) 2(33.3) 4(66.7)

Direct closure / 5(3.7) 3(60.0)" 2 (40.0) 3(60.0)

skin only

VRAM flap 2(1.5) 2(100) 0(0.0) 1 (50.0)

Unknown 31(22.8) 22 (71.0) 8(27.6) 18 (58.0)

reconstruction

Total 136 (100) 107 (78,6) 32 (23.9) 89 (65.4)

*p < 0.05.

VRAM, vertical rectus abdominis.

extent of the HQA, margin, or tumour volume had a significant
effect on LRFS.

In six patients, the indication for HQA was palliative. Three

underwent HQA for a bone sarcoma and three for treatment of a
STS. The median tumour volume was 5,600 cm® (IQR 2,197 to
7,971), which was significantly greater than in patients under-
going HQA with curative intent (1,736 cm?® (IQR 720 to 3,356))
(chi-squared test, p = 0.019). The margins achieved at HQA
were significantly closer (chi-squared test, p = 0.020): four
patients had intralesional margins. The median overall survival
was 2.4 months (95% CI 0.0 to 6.1): two of the six (33.3%)
died while still in hospital, within two weeks of surgery. The
30-day mortality was 0.8% for patients undergoing surgery with
curative intent and 33% for those with palliative intent (Log-
rank, p =0.001).
Flap-related outcomes. Soft tissue reconstruction in most
of the patients was carried out using a local posterior gluteal
flap or an anterior thigh flap. The contralateral vertical rectus
abdominis musculocutaneous flap was used in two patients
(1.5%). Overall, 4.4% (n = 6) of patients had a massive soft
tissue defect after HQA which needed free flap reconstruction.
All free flaps were microvascular fillet flaps from amputated
limbs. Flap description was insufficient in 22.8% (n=31) of the
cases. Wound closure was direct in five patients. The incidence
of complete wound healing was lower in those who under-
went direct wound closure than in those in whom the defect
was reconstructed using either a local or free flap (60.0% (3/5)
vs 82.0% 82/100), chi-squared test, p = 0.023). In two cases
(1.5%), flap loss required secondary flap reconstruction. There
were no other significant differences between the method of
local or free flap used for reconstruction and flap-related com-
plications, flap survival, reoperation, or primary healing rate
(Table IIT).

Most patients (53.7%) had at least one complication: 23.5%
required reoperation for their management. Tumour origin
(soft-tissue/bone), preoperative radiotherapy, chemotherapy,
the chosen reconstructive flap, and treatment intent did not
affect the rate of complications. The results for flap survival and
complications are summarized in Tables III and TV.
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Table IV. Number (%) of complications.

Complication Bone STS Total p-value
Wound dehiscence, n (%) 29(32.6) 8(17.8) 37(27.6) 0.082
Infection, n (%) 21 (23.6) 9 (20) 30(22.1) 0.916
Pulmonary embolism, 2(2.2) 1(2.2) 3(2.2) 1.000
n (%)

In-hospital death, n (%) 1(1.1) 2 (4.4) 3(2.2) 0.211
Clostridium difficile 2(2.2) 0(0) 2(1.5) 0.316
infection, n (%)

Other medical 2(2.2) 0(0) 2(1.5) 0.316
complication, n (%)

Ureter injury, n (%) 1(1.1) 0(0) 1(0.7) 0.480
Retained foreign body, 1(1.1) 0(0) 1(0.7) 0.480

n (%)
STS, soft tissue sarcoma.

Discussion

HQA remains a mainstay of treatment for locally advanced
sarcomas arising from, or involving, the pelvis, despite advances
in the management of pelvic tumours and the increasing use of
limb salvage surgery. We have shown that despite the relatively
high incidence of postoperative complications, HQA remains a
safe surgical option in terms of postoperative mortality, with a
30-day mortality of less than 1%.

We have also shown that histological diagnosis and tissue of
origin has an effect on the overall survival after HQA, in that
those with a STS fare worse than those with a bone sarcoma.
The overall five-year survival of patients with a bone sarcoma
(47.2%) was higher than that of patients with a STS, (24.0%).
This reinforces the findings of others who have shown that HQA
can be a long-term cure for a sarcoma of bone.?'*? It may also
reflect the variation in the types of tumour seen in the pelvis.
The pelvis is a common site for chondrosarcomas, the treatment
of which is almost entirely surgical. In cases of STS, for the
tumour to have grown to such a volume that HQA is required, in
itself an independent factor relating to a poor outcome, the pres-
ence of undetected metastases is extremely likely. This may, in
part, explain the poor survival of patients undergoing HQA for
a STS of the pelvis.

Primary and secondary salvage surgery had similar survival
rates. By contrast, the overall survival of patients undergoing
salvage HQA for a recurrent STS was especially poor (12.5
months, 95% CI 9.4 to 15.5). This is significantly worse than the
overall survival after recurrence of a soft tissue sarcoma of the
limbs? and may be explained by the difficulty in attaining clear
margins of the recurrent disease even with ablative surgery.*
Tumour volume itself did not have a significant effect on overall
survival, but may have an effect on the margins achieved at the
time of HQA. For sarcomas of bone, the smaller tumour volume
in the salvage surgery group may partly explain the favour-
able outcomes seen in this group. The same is not true for the
salvage STS group and may be a function of the poor prognosis
associated with advanced recurrence in STS.

The relatively large number of patients with a diagnosis of
chondrosarcoma, osteosarcoma, and undifferentiated pleo-
morphic sarcoma (UPS) allowed a subset analysis of overall
survival in these tumour types. Patients with a chondrosarcoma
had better five-year survival than those with an osteosarcoma,
as previous publications have shown.*?¢ In addition to STS,
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only a resection margin of | mm and a grade 3 tumour were
prognostic for poorer survival in the univariate model. In the
multivariate model only grade 3 histology and location of a soft
tissue tumour remained poor prognostic factors.

In our series, palliation was the indication for HQA in six
patients. Though anecdotal evidence exists that in selected
cases, patients benefit from this massive surgery,' the outcome
of these patients remain poor. Our 30-day mortality of 0.8%
(1/128) for patients operated on with an intent to cure is lower
than that previously published.'”??"* However, 33% (2/6)
of patients undergoing palliative HQA died within two weeks
of the operation. The median survival in this group was only
2.4 months (95% CI 0.0 to 6.1). As the likelihood of achieving
any benefit after such radical surgery is likely to come within
months of the procedure, the indication for HQA as a pallia-
tive procedure must be called into question. It appears from our
results that none of the patients who underwent palliative HQA
survived long enough to benefit from the operation. There is
no clear evidence that palliative major proximal amputation
reduces pain though, in selected cases, it has been reported that
palliative amputation can improve a patient’s quality of life.3
There are no comparative studies of major proximal amputa-
tion and surveillance or other means of palliation in the liter-
ature. Therefore, on the basis of these results, HQA solely for
palliation should be considered with extreme caution and only
considered when all other interventions with a lower morbidity
are lacking and patient is suffering intolerably. Patients and
their families should be carefully counselled on the nature and
likely outcomes of the planned procedure.

Most patients (53.7%, 73/136) included in this study suffered
at least one complication after HQA and nearly one-third
needed secondary operations. The incidence of complica-
tions has remained unchanged over time and is comparable to
our own previous studies and those of others.!>2*? It is note-
worthy however, that only 1.5% (n = 2) of patients suffered flat
failure requiring secondary surgery for wound closure. This
is lower than that reported elsewhere.’! We have shown that
direct closure of the defect following HQA is associated with
a high risk of secondary wound complications. On this basis,
we would advocate local or free flap reconstruction wherever
possible. Extended HQA has been shown to increase complica-
tions, while age, sex, histology, grade, or intent of the operation
have not been associated with wound complication.? However,
in our study, we were unable to associate any of these factors
with the risk of flap failure.

The retrospective design of this study presents unavoid-
able limitations. We were not able to evaluate the functional
outcome or health-related quality of life of these patients. The
database used for the study does not include systematically
collected patient reported outcome measures or functional
status. Complications were not prospectively collected and as
a result, it was not possible to classify them reliably according
to the Clavien-Dindo classification.’> However, because of the
comprehensive nature of the database used at our hospital, it
was possible to identify complications that needed secondary
surgical procedures.

This study does, however, have several strengths. Firstly, the
cohort includes all sarcoma patients who underwent HQA in
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a high-volume supraregional sarcoma unit over a period of 21
years. Secondly, outcome data were available for all patients
and no patients were lost to follow-up. Thirdly, the patient
cohort was relatively homogeneous when compared to those
in the available literature, as the study population excluded all
non-sarcoma-related diagnoses. All patients included in this
study were managed through a single MDT: there was, there-
fore, consistency in the preoperative assessment and postoper-
ative evaluation of patient and tumour related factors. Imaging
and histology were reviewed in an MDT meeting and the indi-
cations for limb-salvaging pelvic resection remained consistent
throughout the study period.

In conclusion, therefore, while HQA is a drastic, disfig-
uring, and life-changing procedure, it is a reasonable option
for patients undergoing primary treatment of a pelvic sarcoma,
especially those of bony origin. For those with recurrent
disease, it also has a role in selected patients for improving
overall survival. However, caution must be exercised when
considering HQA for recurrent soft tissue sarcomas involving
the pelvis as the overall survival is significantly worse than
that seen bone sarcomas of the pelvis. The notion held by the
surgeon that there is nothing else that can be done apart from
a drastic limb sacrificing procedure must be tempered by the
poor overall survival seen in specific subgroups. Indeed, when
considering HQA for palliation of disseminated pelvic sarcoma,
the survival from the procedure is so poor that the role of HQA
must be questioned. However, in carefully selected patients,
particularly those with a primary, localized sarcoma of bone,
HQA, where indicated, is associated with satisfactory survival
and a low risk of perioperative mortality. The incidence of post-
operative wound complications is high but the incidence of flap
failure requiring secondary flap reconstruction is low.

)

') in bone sarcoma, but inferior in soft tissue sarcoma, when
compared to primary hindquarter amputation.

- Hindquarter amputation has low perioperative mortality, but relatively

high postoperative morbidity with wound complications and infections

being the most common complications.

- Palliative hindquarter amputation should be critically evaluated

considering high 30-day mortality rate.

Take home message
- Survival is similar after salvage hindquarter amputation
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Follow J. Kiiski @JuhaKii

Follow J. D. Stevenson @MrJDStevenson
Follow L. M. Jeys @leejeys

Follow M. K. Laitinen @MinnaLaitinen2
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