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3. ABSTRACT

Background

Soft tissue sarcomas are rare malignancies of mesenchymal origin, often occurring in
the extremities or the retroperitoneum. Radical resection of the tumor with a healthy
tissue margin is the key to controlling local disease and reducing the risk of a
systematic relapse. Liposarcomas are the most common histological subtype,
accounting for approximately 20% of the tumors. Around 30% of liposarcomas are of
the myxoid subtype and have a unique propensity to metastasize to extrapulmonary
locations. The exact pattern of the metastases is less clear, and the patients are, at
present, followed-up using the standard soft tissue sarcoma protocol. Another
challenging group of liposarcomas is those occurring in the abdomen, including the
retroperitoneum, as achieving radical resection can be difficult due to the adjacent
viscera. In addition, the benefits of adjuvant treatments for these tumors are less
clear than for soft tissue sarcomas elsewhere.

Oncovascular surgery, with blood vessels resected and reconstructed during the
resection of the tumor, has emerged as a surgical option for patients with
retroperitoneal soft tissue sarcomas. A similar approach of vascular reconstructions
following tumor surgery has been adopted for tumors of the proximal thigh, enabling
limb preservation. Long-term patency of the vascular grafts has not been established.
The functional outcomes achieved with the limb preservation have not been studied
in detail.

Patients and methods

Four retrospective cohort studies were performed. Study | consisted of 32 patients
with genetically confirmed myxoid liposarcoma, treated between 1987 and 2017. For
study II, all 107 patients treated for intra-abdominal or retroperitoneal liposarcomas
between 1987 and 2017 were included. Study Ill consisted of 17 patients with
retroperitoneal soft tissue sarcoma who required vascular reconstructions to enable
resection of the tumor, treated consecutively between 2010 and 2018. Study IV
consisted of eight consecutive patients treated between 2014 and 2020 for soft
tissue sarcomas of the proximal thigh or inguinal region who required vascular
reconstructions in conjunction with the tumor resection.

For all studies, hospital records were analyzed for oncological outcomes. For studies
IIl and 1V, the perioperative morbidity and the long-term patency of the vascular
grafts were also evaluated. For study IV, the functional outcomes were also assessed.
Comprehensive reviews of literature were done to establish the distribution of first
metastases in myxoid liposarcoma and to evaluate the long-term patency of the
vascular grafts in retroperitoneal reconstructions.
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Results
Study |

Gene translocation analysis confirmed 32 patients with myxoid liposarcoma. During
a median follow-up of 7.6 (range 2.1 to 16.7) years, seven patients (22%) developed
metastatic disease. Five of the first metastases were in the abdomen and one in the
lungs. The comprehensive review included 14 series with 1853 patients, 348 (19%)
of whom had metastases. Abdomen was the most common anatomical region of first
metastases (26%), although soft tissues around the body were, overall, most
prevalent (32%). Lungs and pleura (24%) and bone (17%) were also frequently
affected.

Study Il

Altogether 107 patients were treated for intra-abdominal liposarcoma. Tumor
resection with microscopically negative margins was achieved in 79% of the 96
patients operated with curative intent. Local recurrence developed in 72% and
metastases in 15% during median follow-up of 5.4 (IQR 2.2 to 8.8) years. The five-
year disease-free survival was 31% and disease-specific survival 66%. Multifactorial
analysis revealed histological type and grade as predictors of disease-specific survival
(p<0.01), while multifocality carried a poor prognosis for local recurrence (p=0.02)
and higher histological grade for metastases (p<0.01).

Study Il

Sixteen patients with retroperitoneal soft tissue sarcoma and one patient with a
suspected tumor recurrence underwent vascular reconstructions, eleven of whom
arterial. Three patients required a reoperation during the early perioperative period
and two patients suffered major organ dysfunction. The perioperative mortality was
zero. Early graft thrombosis occurred in two venous and one arterial reconstructions.
Late thrombosis, after the 30-day perioperative period, was detected in three (18%).
The median follow-up time was 27 (range 0 to 82) months. Of the patients with
sarcoma resections five (31%) died of sarcoma and further four (25%) developed
local recurrence or new distant metastases. The comprehensive review of literature
identified 37 articles with 110 patients, 89 of whom had IVC reconstruction only. The
follow-up was 0-181 months, during which 57% remained disease free and 7% died
of sarcoma. Only eight arterial reconstructions were described. Late graft thrombosis
occurred in 14%.

Study IV

Eight patients had reconstruction of at least the superficial femoral artery and vein
during the resection of a soft tissue sarcoma. A microvascular latissimus dorsi flap
was used to cover the vessels in five patients and a pedicled muscle flap in three. At
median follow-up of 48 (range 1 to 76) months, the arterial graft was patent in six
and the vein graft in two patients. The gait was normal in five of the six patients
assessed. The reconstructed limbs had a degree of functional impairment on formal
assessment, but the patients reported near normal function.
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Conclusions

Myxoid liposarcomas metastasize often to the abdomen and soft tissues around the
body. Thus, whole-body imaging may be indicated during the initial assessment and
follow-up of these patients. Primary intra-abdominal and retroperitoneal
liposarcomas tend to recur locally. For tumors that have been resected with
macroscopically clear margins, histological type and grade are significant predictors
of survival. Vascular reconstructions enable radical resection of advanced intra-
abdominal and retroperitoneal tumors, with an acceptable rate of postoperative
complications. Future studies are needed on the long-term performance of the
grafts. With femoral vessels, vascular reconstructions combined with soft tissue
reconstruction can enable limb-sparing surgery. Although the surgery is associated
with significant early morbidity, the long-term functional outcomes are good.
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4. SUOMENKIELINEN TIVISTELMA

Tausta

Pehmytkudossarkoomat ovat harvinaisia mesekymaalisia tuumoreita, jotka
tyypillisesti esiintyvat raajoissa tai vatsaontelon takaosassa, retroperitoneumissa.
Taudin uusiutumisen estamiseksi kasvain tulisi poistaa puhtaalla marginaalilla.
Liposarkoomat ovat tavallisin pehmytkudossarkooman alatyyppi ja muodostavat
arviolta 20% tautitapauksista. Noin 30% liposarkoomista on myksoidista alatyyppia.
Muista pehmytkudossarkoomista poiketen, ne metastasoivat usein muualle kuin
keuhkoihin. Ndiden etdpesakkeiden esiintymistodennakoisyys eri kudoksissa ei ole
taysin tiedossa ja potilaita seurataan uusiutumisen varalta kayttden tavanomaista
pehmytkudossarkoomien seurantaa, jossa kuvataan leikkausalue ja keuhkot. Toinen
haastava liposarkoomaryhma on vatsaontelossa ja retroperitoneumissa sijaitsevat
kasvaimet, silld puhtaiden kudosmarginaalien saavuttaminen naiden kasvainten
poistossa on usein vaikeaa, koska monet tarkedt rakenteet ja elimet sijaitsevat hyvin
Iahella tai kiinni kasvaimessa.

Onkovaskulaarinen kirurgia tarkoittaa sitd, ettd kasvaimen poiston yhteydessa
poistetaan tarkeitd verisuonia, jotka korjataan samassa leikkauksessa. Tama tuo
kirurgisen hoidon piiriin  myo6s sellaisia retroperitoneumin kasvaimia, joita
aikaisemmin ei voitu poistaa kirurgisesti. Reiden ja nivusaluen kasvaimissa
onkovaskulaarinen kirurgia voi mahdollistaa raajan saastavan leikkaushoidon.
Verisuonirekonstruktioiden pitkdaikaista toimivuutta ei sarkoomapotilailla ole
selvitetty. Myoskadn toiminnallisia tuloksia raajan sdaastavan kirurgian jalkeen ei ole
tarkkaan arvioitu.

Potilaat ja menetelmit

Vaitoskirjaan sisaltyy nelja retrospektiivista kohorttitutkimusta. | tutkimuksessa oli
32 potilasta, joilla hoidettiin geneettisesti myksoidiksi alatyypiksi vahvistettua
liposarkoomaa vuosina 1987-2017. Il tutkimus sisdlsi kaikki 107 intra-
abdominaalisen tai retroperitoneaalisen liposarkooman vuoksi hoidettua potilasta,
jotka oli leikattu vuosina 1987-2017. Ill tutkimus sisalsi 17 vuosina 2010-2018
leikattua potilasta, joille oli tehty verisuonirekonstrutio retroperitoneaalisen
pehmytkudossarkooman poiston yhteydessa. IV tutkimus sisélsi kahdeksan vuosina
2014-2020 leikattua potilasta, joille oli tehty verisuonirekonstruktio nivusalueen tai
ylareiden pehmytkudossarkooman poiston yhteydessa.

Kaikkia  tutkimuksia varten tiedot potilaiden hoitotuloksista kerattiin
potilaskertomuksista. Il ja IV tutkimuksia varten tutkittiin myods potilaiden
leikkaukseen liittyvat ja sen jalkeen esiintyvdt oireet sekd verisuoni-
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rekonstruktioiden auki pysyminen seurannan aikana. IV tutkimusta varten arvioitiin
lisdksi potilaiden alaraajojen toimintakyky leikkauksen jdlkeen. Myksoidi
liposarkooman primadarimetastaasien sijaintia seka retroperitoneaalisten verisuoni-
rekonstruktioiden pitkdaikaista aukipysyvyyttda arvioitiin kattavan kirjallisuus-
katsauksen avulla.

Tulokset
Tutkimus |

Geenitranslokaatioanalyysi vahvisti myksoidisen liposarkooman diagnooosin 32
potilaalla. Potilaiden mediaani seuranta-aika oli 7.6 (vaihteluvéli 2.1-16.7) vuotta.
Seitsemalle potilaalle (22%) kehittyi etapesakkeitda. Ensimmaisistda metastaaseista
viisi oli vatsaontelossa ja yksi keuhkoissa. Kirjallisuuskatsaus sisdlsi 14 potilassarjaa,
yhteensd 1853 potilasta, joista 348 (19%) potilaalla oli metastasoinut tauti.
Vatsaontelo oli tavallisin ensimmaisten metastaasien ilmaantumispaikka (26%),
vaikkakin pehmytkudosmetastaasit kehon muissa osissa olivat yhteensa yleisempia
(32%). Ensimmaisia metastaaseja havaittiin my6s keuhkoissa ja pleurassa (24%) seka
luissa (17%).

Tutkimus Il

Kaikkiaan 107 potilasta hoidettiin vatsaontelon sisdisen liposarkooman vuoksi. Heista
96 leikattiin tavoitellen kasvaimen tdydellistd poistoa. Mikroskooppisesti
kasvaimesta puhtaat marginaalit saavutettiin  79% leikatuista potilaista.
Mediaaniseurata-aika oli 5.4 vuotta (IQR 2.2-8.8 vuotta). Taudin paikallinen
uusiutuma kehittyi 72% ja metastaasit 15% potilaista. Viiden vuoden kohdalla 31%
potilaista oli taudista vapaita ja viiden vuoden tautikohtainen elossa olo-osuus oli
66%. Monimuuttuja-analyysissd kasvaimen histologinen alatyyppi ja gradus
ennustivat tautikohtaista selviamistd (p<0.01), primdaaritaudin multifokaalisuus
paikallista uusimista (p=0.02) ja korkeampi histologinen gradus metastaattisen
taudin kehittymista (p<0.01).

Tutkimus 11l

Verisuonirekonstruktioita tehtiin kuudelletoista potilaalle,  joilla oli
retroperitoneaalinen pehmytkudossarkooma ja yhdelle potilaalle, jolla epailtiin
uusinutta kasvainta alueella. Arteriarekonstruktioita tehtiin yhdelletoista potilaalle.
Kolmella potilaalla todettiin uusintaleikkauksen vaatinut komplikaatio varhaisen
postoperatiivisen jakson aikana. Kahdelle potilaalle kehittyi paate-elinvaurio.
Varhainen verisuonigraftin tukos todettiin kahdessa laskimo- ja yhdessa
arteriarekonstruktiossa. Myohdinen tukos, 30 perioperatiivisen pdivan jalkeen,
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todettiin kolmessa graftissa (18%). Mediaani seuranta-aika oli 27 kuukautta
(vaihteluvali 0-82 kuukautta). Potilaista, joille tehtiin sarkoomaresektio, viisi (31%)
menehtyi sarkoomaan ja neljalle muulle (25%) kehittyi paikallinen uusiutuminen tai
metastaaseja. Kirjallisuuskatsaus sisalsi 37 artikkelia ja 110 potilasta, joista 89:1la oli
tehty ainoastaan alaonttolaskimon rekonstruktio. Seuranta-aika potilaille oli 0-181
kuukautta, jona aikana 57% pysyi remissiossa ja 7% kuoli sarkoomaan. Vain
kahdeksan valtimokonstruktiota kuvattiin potilassarjoissa. Myohainen graftitukos
raportoitiin 14% rekonstruktioista.

Tutkimus IV

Kahdeksalle potilaalle tehtiin reisivaltimon ja -laskimon rekonstruktio pehmytkudos-
sarkooman poiston yhteydessd. Rekonstruoidut suonet peitettiin mikro-
vaskulaarisella latissimus dorsi kielekeellda viidella potilaalla ja paikallisella
lihaskielekkeellda kolmella potilaalla. Valtimorekonstruktio todettiin avoimeksi
kuudella potilaalla ja laskimorekonstruktio kahdella potilaalla 48 kuukauden
mediaaniseurannan kohdalla (vaihteluvali 1-76 kuukautta). Kéavely oli normaalia
viidelld kuudesta arvioidusta potilaasta. Rekonstruoidussa raajoissa todettiin lieva
toiminnan vajaus standardoiduilla testeilld, mutta potilaat raportoivat lahes
normaalin toiminnan.

Johtopaatokset

Myksoidiset liposarkoomat metastasoivat usein ja tyypillisesti pehmytkudoksiin
kehon eri osissa. N&ain ollen, koko kehdon kuvantaminen metastaasien
havaitsemiseksi saattaa olla aiheellista ndiden potilaiden diagnoosivaiheessa ja
seurannassa. Vatsaontelon sisélld ja retroperitoneaalitilassa olevat liposarkoomat
uusivat usein paikallisesti. Makroskooppisesti puhtain marginaalein resekoitujen
kasvainten kohdalla histologinen alatyyppi ja gradus ovat merkittavia tautikohtaisen
kuolleisuuden ennustetekijoita. Verisuonirekonstruktiot mahdollistavat paikallisesti
edenneiden vatsaontelon sisdisten ja retroperitoneaalisten kasvainten kirurginen
poiston ja tdhan liittyvat leikkausriskit ovat hyvdksyttavid. Verisuonigraftien
toimintaa tulee jatkossa arvioida pidemmalla seuranta-ajalla. Reiden ja nivusalueen
sarkoomissa verisuonirekonstruktio yhdistettynd pehmytkudosten rekonstruktioon
tuo raajaa saastavan leikkaushoidon piiriin sellaisia potilaita, joita aikaisemmin ei
voitu operoida ilman amputaatiota. Leikkauksiin liittyvat varhaisvaiheen
haittavaikutukset ovat merkittavia, mutta pitka-aikaiset toiminnalliset tulokset ovat
rohkaisevia.
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5. INTRODUCTION

Soft tissue sarcomas are tumors of mesenchymal origin with an estimated incidence
of 4-5 per 100 000 in Europe.(Gatta et al. 2017) They are classified according to the
cell type the tumor cells most closely resemble.(Board 2020) Around 40% of the
primary tumors occur in the extremities, 38% in the retroperitoneum or the viscera,
and the rest elsewhere in the body.(Brennan et al. 2014) The distribution of the
tumors vary by the histological subtype. For example, while myxoid and pleomorphic
liposarcomas and undifferentiated pleomorphic sarcomas are common in the
periphery, leiomyosarcomas frequently occur in the retroperitoneum.(Lewis et al.
1998, Brennan et al. 2014, Toulmonde et al. 2014)

Radical resection with tumor free margin is the key in controlling local disease and
improving survival.(Sampo et al. 2008, Brennan et al. 2014) The role of chemo- and
radiotherapy is more limited.(Jones et al. 2005, Bonvalot et al. 2020) As soft tissue
sarcomas are relatively rare tumors, the Scandinavian Sarcoma group recommends
that their treatment is based in high volume centers.(Bauer et al. 2001) The Helsinki
University multidisciplinary sarcoma team evaluates approximately 80 new patients
each year.

Myxoid liposarcomas (MLS) account for around 10% of soft tissue sarcomas and 30%
of liposarcomas.(Dei Tos 2000) MLS is characterized by a relatively early peak age of
presentation, early in the fifth decade, and a strong tendency to metastasize.
Additionally, MLS frequently metastasizes to extrapulmonary locations, a feature
atypical for soft tissue sarcomas. (Estourgie et al. 2002, Haniball et al. 2011, Moreau
et al. 2012, Muratori et al. 2018) The pattern of extrapulmonary metastases is less
well established. Understanding the distribution of the metastases is important as
currently the metastases are not routinely imaged for, during follow-up, in any other
location than lungs.

Retroperitoneal liposarcomas present a surgical challenge as their proximity to vital
organs and major blood vessels can limit the extend of feasible resection. Thus,
retroperitoneal location is associated with worse local disease control and
survival.(Vos et al. 2019) The benefit of adjuvant radiotherapy is also less clear than
in other primary tumor locations, and the role of chemotherapy is also
limited.(Almond et al. 2018, Bonvalot et al. 2020) With the absence of strong data to
base treatment guidelines on, local treatment protocols for retroperitoneal
liposarcomas vary, encouraging sharing of treatment outcomes.

Retroperitoneal or intra-abdominal soft tissue sarcomas often present late due to
their concealed location.(Lewis et al. 1998, Toulmonde et al. 2014) When growing
near major blood vessels, the tumors often surround the vessels or infiltrate the
vessel walls. These patients have traditionally been considered poor candidates for
surgery as, in order to achieve clear margins with the resection, the blood vessels
need to be resected with the tumor. Advancements in oncological treatments and
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increasing experience in the reconstruction of these vessels has led to more patients
with advanced disease offered surgery. Provided clear margins are achieve with the
resection, the need for vascular reconstruction is not associated with worse
prognosis.(Schwarzbach et al. 2006) However, the surgery is demanding and involves
significant perioperative morbidity. In addition, the long-term patency rates of the
reconstructed vessels have not yet been fully established.

Oncovascular surgery has become the standard of care also for soft tissue sarcomas
of the proximal thigh and groin, involving the femoral or iliac vessels. While
previously subjected to proximal thigh amputation of hip disarticulation, limb-
sparing surgery is now possible for the majority of these patients.(Davis et al. 2017,
Fujiki et al. 2020) These operations are, however, associated with high perioperative
morbidity, wound complications and reoperations, while the long-term functional
outcomes and graft survival are sparsely reported.(Ghert et al. 2005, Schwarzbach et
al. 2005, Poultsides et al. 2015, Davis et al. 2017, Okamoto et al. 2018, Fujiki et al.
2020)

6. REVIEW OF THE LITERATURE

6.1 SOFT TISSUE SARCOMAS

6.1.1 HISTOLOGICAL CLASSIFICATION OF SOFT TISSUE SARCOMAS

Soft tissue sarcomas arise from cells of mesenchymal origin. The classification is
based on morphological, immunohistochemical and molecular features of the tumor.
The World Health Organization Classification of Tumors specifies around 80 types of
soft tissue sarcoma, the exact number changing each revision.(Sbaraglia et al. 2020)
Histological subtype is an important predictor of outcome with only about half of soft
tissue sarcomas commonly developing systemic disease, with the rest being locally
aggressive but with limited metastatic potential.

A single-institute review from New York of 10 000 soft tissue sarcoma patients
identified liposarcoma as the most common histological type (20%), followed by
leiomyosarcoma  (14%), undifferentiated pleomorphic sarcoma (14%),
gastrointestinal stromal tumor (9%), synovial sarcoma (5%), myxofibrosarcoma (5%),
fibrosarcoma (3%) and malignant peripheral nerve sheet tumor (2%), with the
remaining 28% being rare varieties.(Brennan et al. 2014) A study on 1851 patients
form the Scandinavian Sarcoma Group Register reported undifferentiated
pleomorphic sarcoma (45%) and liposarcoma (14%) as the most common histological
types.(Bauer et al. 2001)
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6.1.1.1 Liposarcomas

Five subtypes of liposarcoma have been identified: well differentiated liposarcoma,
dedifferentiated, myxoid (MLS), pleomorphic and myxoid pleomorphic.(Board 2020,
Sbaraglia et al. 2020) The subtypes differ in their histological appearance, genetics
and disease course.(Dei Tos 2000, Lee et al. 2018, Board 2020, Tyler et al. 2020)

Well differentiated liposarcoma is the most common subtype, representing 40-45 %
of all liposarcomas. In the periphery, these tumors are often referred to as atypical
lipomatous tumors. The age of peak incidence is 50-60 years. It is slowly growing and
locally aggressive, but has little to no metastatic potential. It typically occurs in the
limbs and the retroperitoneum, and is occasionally encountered also in the spermatic
cord and the mediastinum. Under 15% of the tumors recur locally and the disease-
specific mortality is close to zero.(Olson et al. 2021) Both the disease recurrence and
the mortality are strongly influenced by the tumor location, with up to 90% of
retroperitoneal tumors recurring and often dedifferentiating.(Weiss and Rao 1992)
Three histological subtypes exist. Lipoma-like liposarcomas are composed mainly of
mature adipocytes with marked variation in cell size and a varying degree of nuclear
atypia. Lipoblasts may be present. Sclerosing liposarcomas contain a large fibrous
collagen component with stromal cells and few multivacuolated lipoblasts.
Inflammatory liposarcomas are characterized by a prominent, typically B-cell
predominant lymphocytic infiltrate. An amplification of the chromosome segment
12g13-15 is present in all well differentiated liposarcomas, typically containing the
genes MDM2, that acts as a negative regulator of the tumor suppressor gene p53,
and cyclin dependent kinase 4, a cell cycle facilitator.

Dedifferentiated liposarcomas account for 15-20% of liposarcomas. The age of peak
incidence is 50-60 years. It often coexists with well differentiated liposarcoma, with
around 10% of the well differentiated tumors undergoing dedifferentiation. The core
genetic profile of is similar to well differentiated liposarcomas, supporting a theory
of dedifferentiation through accumulation of additional chromosomal abnormalities.
Retroperitoneum is the most common location for dedifferentiated liposarcoma, but
it can occur in the extremities and elsewhere in the body. Typically high grade and
aggressive tumors, approximately 10% of dedifferentiated liposarcomas recur locally
and 15-20% metastasize.(Board 2020) The tumors are relatively insensitive to
chemotherapy.(Jones et al. 2005) The disease-specific mortality is under
30%.(Henricks et al. 1997)

Myxoid liposarcoma is the second most common subtype of liposarcomas,
accounting for around a third. The peak age of presentation is about a decade earlier
than for other liposarcomas, early in the fifth decade. Histologically, myxoid
liposarcomas have myxoid stroma and an arborating capillary network. Two
pathognomonic gene translocations have been identified, the more common
FUS::DDIT3 fusion from t(12;16)(q13;11.2) translocation and the EWSRI1::DDIT3
fusion from t(12;22) (q13;q12) translocation.(Turc-Carel et al. 1986, Sreekantaiah et
al. 1992, Crozat et al. 1993, Rabbitts et al. 1993, Panagopoulos et al. 1996, Dal Cin et
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al. 1997, Antonescu et al. 2000) The presence of the fused DDIT3 protein has been
suggested to inhibit adipocyte differentiation.(Kuroda et al. 1997) The specific
translocation type does not appear to predict any aspect of the disease
course.(Antonescu et al. 2001) The primary tumor is often located in the thigh but
can occur anywhere in the extremities, the trunk or the head and neck region.
Primary retroperitoneal myxoid liposarcomas are rare or nonexistent.(de Vreeze et
al. 2009, Setsu et al. 2016) The tumors are highly sensitive to radiotherapy, uniquely
for liposarcomas.(Pitson et al. 2004) The radiosensitivity of the tumor is linked to
excellent local disease control rates with up to 98% 5-year local recurrence-free
survival rates reported.(Guadagnolo et al. 2008, Chung et al. 2009) The response rate
to first-line chemotherapy is also higher than for other types of liposarcomas.(Jones
et al. 2005) However, distant metastases are common, with a 5-year metastases-free
survival of 15-44%.(Guadagnolo et al. 2008, Haniball et al. 2011, Muratori et al. 2018,
Gouin et al. 2019) Unlike for other soft tissue sarcomas, the metastases are typically
extrapulmonary.(Estourgie et al. 2002, Haniball et al. 2011, Moreau et al. 2012,
Muratori et al. 2018) However, the pattern of extrapulmonary metastases is less well
established. The reported 10-year disease-specific survival is 56-87%.(Zagars et al.
1996, ten Heuvel et al. 2007, Guadagnolo et al. 2008, Haniball et al. 2011, Hoffman
et al. 2013, Muratori et al. 2018)

Pleomorphic liposarcomas are rare, accounting for around 5% of all liposarcomas.
The peak incidence is in the early seventh decade. The histological appearance varies,
with some tumors containing multivacuolated lipoblasts and a UPS-like appearance
while others are highly cellular with sheets of pleomorphic or spindle cells and
lipoblasts. The genetic profile is mixed, characterized by several chromosomal
rearrangements without any pathognomonic mutations. The primary tumor is
typically in the limbs. Pleomorphic liposarcomas are high grade and aggressive, both
recurring locally and metastasizing. The reported 5-year local recurrence-free
survival is 37-81% and metastases-free survival 41-79%. The 5-year disease-specific
survival reports range 48-81%.(Zagars et al. 1996, Gebhard et al. 2002, Hornick et al.
2004, Fiore et al. 2007)

Myxoid pleomorphic liposarcoma is a recently identified, aggressive subtype of
liposarcoma, occurring preferentially in the mediastinum of children and
adolescents.(Alaggio et al. 2009) Histologically it contains areas resembling both
myxoid and pleomorphic liposarcomas, but genetically it lacks the characteristic
translocation of myxoid liposarcomas, bearing some similarity to the genetic profile
of pleomorphic liposarcomas.(Creytens et al. 2021)
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6.1.2 GRADING OF SOFT TISSUE SARCOMAS

Histologic grade is the most important prognostic factor for soft tissue sarcomas and
the best predictor of metastatic risk.(Bjerkehagen B 2009, Brennan et al. 2014, Board
2020) Two grading systems exist, a four-tire system historically preferred in
Scandinavia, and a three-tire system by the French Federation Nationale des Centers
de Lutte Contre le Cancer (FNCLCC).(Coindre 2006, Bjerkehagen B 2009) The FNCLCC
system is used more commonly nowadays, and has also been applied in the present
study. Details of the grading are displayed in table 1.

The histological diagnosis and the grade are closely linked for many soft tissue
sarcomas. For example, all well-differentiated liposarcomas are grade 1 and all
pleomorphic liposarcomas are grade 3. For myxoid liposarcomas, while most of the
tumors are grade 2, the round cell variants are always grade 3. Excluded from the
grading system is the gastrointestinal stromal tumor, which is not graded but
characterized by size and mitotic rate.
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Table 1. Histological grading of sarcomas according to the FNCLCC grading system.
The scores for tumor differentiation, mitotic count and tumor necroses are
summated to determine the histological grade. UPS = undifferentiated
pleomorphic sarcoma. HPF = high power field. PNET = primitive neuroectodermal
tumor. Adapted from Coindre 2006.

Tumor differentiation
Score 1 Sarcoma closely resembling normal adult mesenchymal tissue
Well-differentiated liposarcoma
Well-differentiated fibrosarcoma
Well-differentiated leiomyosarcoma

Score 2 Sarcoma for which histologic typing is certain
Myxoid liposarcoma
Conventional fibrosarcoma
Myxofibrosarcoma
Pleomorphic UPS with storiform pattern
Conventional leiomyosarcoma
Well-differentiated angiosarcoma

Score 3 Embryonal and undifferentiated sarcomas, sarcomas of doubtful type
Round cell liposarcoma
Pleomorphic liposarcoma
Poorly-differentiated fibrosarcoma
Pleomorphic UPS with no storiform pattern
Giant cell UPS
Poorly-differentiated/ pleomorphic/ epithelioid
leiomyosarcoma
Embryonal/ alveolar/ pleomorphic rhabdomyosarcoma
Mesenchymal chondrosarcoma
Osteosarcoma
PNET
Malignant triton tumor
Synovial sarcoma
Poorly-differentiate/ epithelioid angiosarcoma
Epithelioid sarcoma
Clear cell sarcoma

Mitotic count

Score 1 0-9 mitoses per 10 high-power field
Score 2 10-19 mitoses per 10 high-power field
Score 3 >20 mitoses per 10 high-power field

Tumor necrosis

Score 0 No necrosis
Score 1 < 50% tumor necrosis
Score 2 >50% tumor necrosis

Histologic grade

Grade 1 Total score: 2 or 3
Grade 2 Total score: 4 or 5
Grade 3 Total score: 6 to 8
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6.1.3 STAGING OF SOFT TISSUE SARCOMAS

Staging of tumors is used to predict prognosis. For soft tissue sarcomas, three staging
systems have been used.

The Surgical Staging System of the Musculoskeletal Tumor Society contains three
stages that take into account the histological malignancy grade (rated as low grade
or high grade), the local extent of the disease (intracompartmental or not), and the
presence of metastases.(Enneking et al. 1980) All low grade tumors are stage |, with
intracompartmental being stage IA and extracompartmental stage IB. High grade
tumors are stage Il with the same subdivision based on the local extent. Stage Ill is
metastatic disease.

The Memorial Sloan Kettering Cancer Center staging system includes evaluation of
the tumor size (< 5 cm or larger), site relative to deep fascia (superficial or deep),
histologic grade (low or high), and the presence of metastases.(Hajdu et al. 1988) The
number of unfavourable characteristics is added to produce a stage on a 0-1V scale,
where stage lll is a tumor larger than 5 cm, deep to fascia and of high histological
grade, and stage IV is metastatic disease.

The most commonly used staging system is the American Joint Committee on
Cancer/International Union against Cancer (AJCC/UICC) unified staging system,
currently at its eight edition.(Amin et al. 2017, Blay et al. 2017) It takes into account
the size of the tumor, regional lymph node status, presence of distant metastases (all
in table 2) and the FNCLCC histologic grade (table 1) to produce the stage (table 3).
The stage groups for retroperitoneal soft tissue sarcomas are slightly different (table
4).(Amin et al. 2017, Tanaka and Ozaki 2018) The eight edition differs from its
predecessors in having two additional size classifications in lieu of tumor depth for
soft tissue sarcomas of the extremities or trunk, and in grouping lymph node
metastases with distant metastases. These changes have, however, been argued to
decrease the prognostic power of the staging system for advanced tumors.(Cates
2018)

The evaluation of the staging systems in terms of their ability to accurate predict the
patients who are likely to develop a disease recurrence is difficult due to the
heterogenicity of the tumor group. For localized extremity soft tissue sarcomas, for
example, the tumor depth, grade and size appear to be independent prognostic
factors predictive of systemic relapse, and the Surgical Staging System has been
proposed to perform worse at outcome prediction than the other two staging
systems.(Wunder et al. 2000) Several complex personalized prognostic models, or
nomograms, have been developed for a range of soft tissue sarcomas, some even
with smartphone applications.(Callegaro et al. 2017) However, their usefulness in
guiding day-to-day clinical practice is markedly user-dependent.
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Table 2. Definition of primary tumor (T), regional lymph node (N) and distant
metastases (M). Adapted from Amin et al. 2017.

T Category T Criteria

TX Primary tumor cannot be assessed

TO No evidence of primary tumor

T1 Tumor 5 cm or less in greatest dimension

T2 Tumor more than 5 cm and <10cm in greatest dimension
T3 Tumor more than 10 cm and <15 cm in greatest dimension
T4 Tumor more than 15 cm in greatest dimension

N Category N Criteria
NO No regional lymph node metastasis or unknown lymph node status
N1 Regional lymph node metastasis

M Category M Criteria
MO No distant metastases
M1 Distant metastases

Table 3. AJCC stage groups for soft tissue sarcoma of the trunk and extremity.
Adapted from Amin et al. 2017.

Stage  Primary tumor Regional lymph Distant metastases Histologic
(T) node (N) (M) Grade (G)

IA T1 NO MO G1, Gx

1B T2,T3,T4 NO MO G1, Gx

1l T1 NO MO G2,G3

A T2 NO MO G2,G3

13 T3, T4 NO MO G2, G3

\Y) Any T N1 MO Any G
Any T Any N M1 Any G

Table 4. AJCC stage groups for soft tissue sarcoma of the retroperitoneum. Adapted
from Amin et al. 2017.

Stage Primarytumor  Regional lymph Distant metastases Histologic
(T) node (N) (M) Grade (G)

IA T1 NO MO G1, Gx

B T2,73,T4 NO MO G1, Gx

I T1 NO MO G2,G3

1A T2 NO MO G2,G3

1B T3, T4 NO MO G2,G3
Any T N1 MO Any G

v Any T Any N M1 Any G
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6.2 DIAGNOSIS OF SOFT TISSUE SARCOMAS

Presentation of the primary soft tissue sarcoma tumor vary. However, a growing,
painful mass over 5 cm in size and deep to the muscle fascia, is the most typical
presentation.(Johnson et al. 2001) The Scandinavian Sarcoma Group guidelines state
that deep tumors of any size, subcutaneous tumors larger than 5 cm and all other
tumors, suspected of being malignant, should be referred to a tumor center without
prior biopsy.(Alvegard et al. 2009) If a biopsy or excision has resulted in a soft tissue
sarcoma diagnosis, the patient should be referred before any further surgery. The
early referral is key to avoiding delays in diagnosis and treatment.

The best imaging modality for soft tissue tumors of the extremities, trunk and pelvis
is magnetic resonance imaging (MRI).(Kind et al. 2009) For abdominal tumors,
however, computer tomography (CT) performs equally well.(Gronchi et al. 2021) The
differentiation between a benign lipoma and a liposarcoma on MRI can be
challenging.(Jones et al. 2012) Features suggesting malignancy are decreased fat
composition and swirling or nodularity, irregularly thickened septae and associated
non-adipose tissue.(Kransdorf et al. 2002)

If the imaging of a soft tissue tumor raises the possibility of a malignancy, core
biopsies of the tumor are taken. The biopsy approach is designed in a way that
enables the resection of the biopsy route with the tumor. In the case of
retroperitoneal tumors, the biopsy is performed through a posterior approach to
avoid contamination of the peritoneal cavity. For small superficial tumors only a few
centimeters across, an excisional biopsy is also an option.

Testing for specific gene translocations is recommended when the histological
diagnosis is unclear or the clinical presentation is atypical for the histological
diagnosis.(Gronchi et al. 2021) In addition, some of tumors have pathognomonic
translocations, such as the common FUS::DDIT3 fusion in myxoid liposarcomas.
Although not yet part of international guidelines, many centers run confirmatory
testing for these translocations, often in the form of next generation sequencing
translocation panels. Archer FusionPlex Sarcoma panel, that assesses 148 locations,
has recently become part of routine soft tissue sarcoma diagnostics in Helsinki
University Hospital.(Invitae)

6.3 TREATMENT OF SOFT TISSUE SARCOMAS

Multidisciplinary management in specialized referral centers has been shown to
increase the survival of soft tissue sarcoma patients and is recommended by the
European Society for Medical Oncology and the Scandinavian Sarcoma Group.(Bauer
et al. 2001, Blay et al. 2017, Gronchi et al. 2021) The Helsinki University Central
Hospital soft tissue sarcoma group was founded in 1987 and meets weekly to
evaluate new referrals, review diagnoses and plan treatments. The group consists of
oncologists, plastic surgeons, gastrointestinal surgeons, pathologists, and
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radiologists. When indicated, soft tissue sarcoma patients are also evaluated by the
oncovascular group that includes vascular, plastic, gastrointestinal, endocrinological
and cardiothoracic surgeons, urologists, oncologists, pathologists and radiologists.

6.3.1 SURGICAL TREATMENT

6.3.1.1 Oncological goals of the surgery

Radical surgery with tumor-free margins is the most effective way to reduce local
recurrence and improve overall survival in soft tissue sarcomas.(Sampo et al. 2008,
Brennan et al. 2014)

Enneking devised a margin classification for musculoskeletal sarcomas in
1980.(Enneking et al. 1980) Four categories exist in the classification; radical, wide,
marginal and intralesional. Radical excision entails the removal of the entire tissue
compartment containing an intracompartmental tumor. In wide excision, the tumor
is removed with a cuff of normal tissue within the compartment, aiming to remove
the reactive zone surrounding the tumor. Marginal excision removes the tumor along
the surrounding pseudocapsule, through the reactive zone. Intralesional excision has
tumor at the edge of the specimen.

The R classification of margins, in its current form, was first published by the
International Union Against Cancer in 1987, and has since been adopted into the
American Joint Committee on Cancer staging.(Hermanek 1987, Blay et al. 2017) It
contains four R categories. Rx: The presence of residual tumor cannot be assessed.
RO: No residual tumor. R1: Microscopic residual tumor. R2 Macroscopic residual
tumor.

The definition of a sufficient surgical margin, however, remains under debate.
Tumor-free margins as small as 1 mm have been proposed sufficient for overall
disease control by some, at least in the context of tumors with well-contoured
proliferation at the borders.(Lintz et al. 2012, Gundle et al. 2018) It has even been
suggested that, in a situation where the tumor comes to contact with critical
structures, such as major nerves or blood vessels, planned positive surgical margins
sparing the involved structures and adjuvant treatment may not hinder the local
recurrence free survival to a clinically significant extent.(O'Donnell et al. 2014) Other
cohorts, however, demonstrate an improvement in all survival parameters with
surgical margins over 10 mm.(Liu et al. 2010) A study on 270 soft tissue sarcoma
patients treated in Helsinki University Central Hospital between 1987 and 1997
demonstrated that a 2.5 cm tumor-free surgical margin resulted in superior local
recurrence-free survival rate than a smaller margin compared with
radiotherapy.(Sampo et al. 2008)

Resection of soft tissue sarcoma metastases is not considered first line treatment,
although retrospective series have suggested a medium-term survival benefit from
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RO metastectomy from various soft tissue locations and liver.(Marudanayagam et al.
2011, Wigge et al. 2018, Gronchi et al. 2021) An exception is the resection of
pulmonary metastases with tumor-free margins, that has been suggested potentially
curative.(Nevala et al. 2019) The surgery is an option for patients with sufficient
performance status, no active disease at the primary tumor site. In addition, the
metastatic nodules need to be confined to the lung parenchyma, and be either
singular or distributed in a manner that enables complete surgical resection. The
presence of a single metastatic lesion is associated with improved survival.(Chudgar
et al. 2017, Nakamura et al. 2021) Incomplete surgical removal of pulmonary
metastases does not convey better disease-free survival than chemotherapy.(Nevala
et al. 2019, Nakamura et al. 2021)

Treatment of soft tissue sarcomas at high volume centers has been associated with
fewer operations and a better local recurrence-free survival compared with other
hospitals in a nationwide Finnish study, as well as elsewhere.(Gutierrez et al. 2007,
Sampo et al. 2012) In Helsinki, the surgery is planned either as a compartmental
excision or with a 5 cm macroscopic margin to achieve a histological tumor-free
margin of at least 2.5 cm. If one of these criteria is not met, but the resection margins
are free of tumor, the excision is considered marginal, and a postoperative course of
radiotherapy is recommended. With intralesional margins, a re-excision is
recommended, if considered feasible.(Sampo et al. 2008)

6.3.1.2 Reconstruction of the soft tissue defect

The wound closure after resection of the tumor can, at its simplest, be done through
direct apposition of the resection cavity walls and suture of the wound edges.
However, if a significant amount of skin, muscle, or both, has been removed so that
the cavity cannot be closed directly, a more complex solution is needed. For large
skin resections without an underlying soft tissue defect, a partial thickness skin graft
can be used. A tissue flap coverage is needed for the defect when blood vessels,
nerves or bone cannot be covered with direct opposition of the surrounding tissues.
With soft tissues sarcoma resections, the resulting defect is typically cavernous. A
local skin flap, typically, does not contain sufficient volume to fill the defect. Thus, a
muscle flap is often preferred.

Local muscle transposition flaps involve the release of a muscle from its insertion,
origin, or both, and placing the muscle to an adjacent defect, without severing the
vascular pedicle or causing significant morbidity. Examples in the thigh, and thus
relevant to study lll, include the sartorius flap, suitable for covering small defects in
the region of the femoral triangle, and the gracilis flap, that can provide a larger
muscle bulk to fill defects in the proximal thigh or pelvis. The wound can be closed
primarily over the muscle flaps, or a partial thickness skin graft can be used.
Additionally, a vertical rectus abdominis flap can be raised with a skin island and used
to cover defects in the inguinal region.
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When a large tissue defect has been created, and in areas where no local options are
available for transposition, a microvascular flap can be employed for wound closure.
Microvascular reconstruction of the soft tissue defect to enable limb salvation after
resection of a lower limb soft tissue sarcomas, for example, has been found safe with
a 95% flap success and 82% five-year local recurrence-free survival in a series with
73 patients from our institute.(Barner-Rasmussen et al. 2009) The local recurrence-
free survival is similar to that observed in the lower limb soft tissue sarcoma
population as a whole.(Popov et al. 2000) The choice of the flap depends on the
defect size, the availability of suitable donor regions, functional goals for the
reconstruction, and the preference of the operating surgeon.(Slump et al. 2018,
Lucattelli et al. 2021, Sama et al. 2022) The two most frequently used flaps in our unit
are, currently, latissimus dorsi and anterolateral thigh flap.(Barner-Rasmussen et al.
2009, Barner-Rasmussen et al. 2010)

Latissimus dorsi is a thin, fan-shaped muscle that acts to extend, adduct and medially
rotate the shoulder joint. Its main blood supply is the thoracodorsal branch of the
subscapular artery, on which the entire muscle can be transferred to a recipient site.
The muscle often has good bulk that can be used to fill a resection cavity. A secondary
blood supply from the lumbar perforators enables harvesting of only a part of the
muscle, in cases where less volume is needed and the preservation of the muscle
action is desired. The skin overlying the muscle can be included in the flap, taken in
a horizontal or a vertical ellipse for direct closure of the donor site with skin islands
up to 7-10 cm in width. In rare cases, the thoracodorsal nerve can be anastomosed,
in an attempt to gain function at the recipient site.(Doi et al. 1999, Innocenti et al.
2009, Muramatsu et al. 2011, Grinsell et al. 2012) The flap can be used also in a
pedicle manner, for reconstruction of defect is the upper arm, chest wall or neck.

Anterolateral thigh flap is a perforator flap, based on the descending branch of the
lateral femoral circumflex artery. Typically a fasciocutaneous flap, it can be designed
to contain a section of the muscle for additional bulk, either along the course of the
perforator or as a chimeric flap on a second perforator. Suprafascial of fascial flaps
are possible, but less frequently used in sarcoma surgery.(Lee et al. 2009, Momeni et
al. 2011, Weichman et al. 2015) The advantages of the anterolateral thigh flap
include its predictable anatomy, long and sizeable pedicle, and the harvest position
with the patient on their back.(Chen and Tang 2003)

6.3.2 VASCULAR RECONSTRUCTIONS

In cases where no clear tissue margin between the tumor and the associated blood
vessels is evident on imaging, and the tumor cannot be dissected off the vessels,
radical excision of the tumor requires sacrifice of the involved vessels. Major vessels,
such as the aorta or iliac vessels in the case of retroperitoneal tumors, or the
superficial femoral vessels with lower limb tumors, need to be reconstructed in order
to salvage the implicated structures. Provided clear margins are achieved with the
resection, the need for vascular resection is not associated with worse oncological
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prognosis.(Fortner et al. 1977, Imparato et al. 1978, Karakousis et al. 1996, Bonardelli
et al. 2000, Ghert et al. 2005, Schwarzbach et al. 2005, Schwarzbach et al. 2006, Song
et al. 2009, Poultsides et al. 2015, Davis et al. 2017, Okamoto et al. 2018, Fujiki et al.
2020)

The aim of the arterial reconstruction is to secure sufficient blood flow to the
structures supplied by the resected vessel. Thus, the decision to reconstruct any
major vessel is conceptually straightforward. The necessity of reconstructing the
resected veins has, on the other hand, been questioned, for both retroperitoneal and
peripheral veins.(Hollenbeck et al. 2003, Daylami et al. 2010, Goel et al. 2022,
Hauguel et al. 2022, Palacios et al. 2022) Some authors describe ligation of the IVC
an option in patients where the vessel is already thrombosed pre-
operatively.(Hardwigsen et al. 2005, Schwarzbach et al. 2006) In patients with lower
limb soft tissue sarcoma resections, studies comparing postoperative limb oedema,
infections and functional scores detected no difference between patients with
arterial reconstructions, with or without venous reconstructions.(Adelani et al. 2007,
Tsukushi et al. 2008) However, the studies included only 14 and 25 patients in total.
Some authors propose that resection of the superficial femoral vein without
reconstruction is adequate provided the saphenous vein is intact.(Hohenberger et al.
1999, Schwarzbach et al. 2005) However, reports from most centers describe
reconstruction of the resected veins, at least in patients without significant collateral
venous circulation, to decrease the likelihood of edema development in the early
postoperative weeks.(Fujiki et al. 2020)

Oncovascular procedures have become an established approach for a range of
malignancies, including head and neck tumors, renal and adrenal tumors,
gynaecological tumors, pancreatic tumors and liver tumors, in addition to
sarcomas.(Balaz et al. 2022) However, the reported rates of in-hospital morbidity,
wound complications and reoperations are high, with around 60-80% of patients
experiencing some postoperative complication (Ghert et al. 2005, Schwarzbach et al.
2005, Poultsides et al. 2015, Davis et al. 2017, Okamoto et al. 2018) In addition, most
publications of venous and arterial reconstructions in patients with intra-abdominal
or retroperitoneal sarcomas are case reports or small series from single institutes,
with short follow-up and a range of reconstruction materials used. The long-term
graft survival and functional outcomes for lower limb reconstructions are also
sparsely described.(Fujiki et al. 2020)

6.3.2.1 Autologous venous grafts

Autogenous vein has long been the material of choice for revascularization surgery
and has, when practicable, been adopted to reconstructive surgery. The saphenous
vein is the longest vein available for grafting, and it is easy to harvest from the
subcutis in in the lower limb. Thus, saphenous vein grafts are frequently used in a
range of arterial and venous reconstructions, across surgical fields. It is, however,
relatively narrow. When a larger diameter graft is needed, a cylinder with the desired

28



diameter can be created through splitting the vein longitudinally, and suturing the
vein wall in a spiral fashion or in vertical panels.(Chiu 1998, van Zitteren et al. 2011,
Ketenciler et al. 2018)

When the saphenous vein is unavailable, the cephalic or the basilic vein from the
upper arm can be used.(Arvela et al. 2010) Another alternative is the superficial
femoral vein, although it is more invasive to harvest.(Schulman et al. 1987, Clagett et
al. 1993) For long reconstructions, such as those involving a segment of aorta and the
iliac vessels, the use of autologous veins for graft construction is impractical.

6.3.2.2 Allografts in vascular reconstruction

Vascular allografts were introduced as a reconstructive option in the context of aortic
infections and contaminated surgical fields where the likelihood of a synthetic graft
getting infected is judged high.(Harlander-Locke et al. 2014, Cananzi et al. 2021)
Cryopreserved aortic allografts were the first to gain popularity, replacing like with
like.(Noel et al. 2002) The cryopreserved aortic allografts have a better resistance to
dilatation than fresh allografts.(Kieffer et al. 2004) However, the at times poor long-
term durability of the arterial grafts, and their propensity for thrombosis, led to
cryopreserved venous allografts being evaluated for use in supra-inguinal arterial
reconstruction.(Heinola et al. 2019)

Most experience of the use of allografts in vascular reconstructions is in the context
of infections of either a native aorta or infection of an artificial graft in the aortic
position. Thrombotic occlusion of the cryopreserved allografts in aortic or aortoiliac
reconstructions has been reported in 4-11% of the grafts. The grafts are durable, with
both aneurysms and pseudo-aneurysms reported to occur in 0-10 % of patients in
most centres. When the graft is used in an infected area, a persistent infection is
associated with an increased rate of graft degradation. In addition, potentially fatal
graft rupture, typically at the site of the anastomosis, remains a significant problem
with rates of 3-24% reported.(Harlander-Locke et al. 2014, Touma et al. 2014, Lejay
et al. 2017, Ben Ahmed et al. 2018, Couture et al. 2021, Weiss et al. 2021)
Circumferential reinforcement of the anastomosis has been recommended to reduce
the likelihood of anastomotic dilatations.(Lejay et al. 2017, Heinola et al. 2019)

Reports of the use of allografts in IVC reconstruction are sparce and show an
obstruction rate of up to 50% on long-term follow-up.(Fiore et al. 2012)

Helsinki University Children’s Hospital Homograft Bank has cryopreserved venous
allografts harvested from multiorgan donors since 2012. Large caliber veins with a
diameter over 6 mm are used. After treatment with antibiotic decontamination
medium, the grafts can be stored for up to five years. Prior to use, the venous grafts
are cleaned off perigraft tissue, and the valves are removed.(Heinola et al. 2019) The
allografts are used in reconstruction of long sections of medium to large vessels, such
as the femoral vessels, vena cava and aorta.
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6.3.2.3 Xenografts in vascular reconstruction

Bovine pericardium can be used as a patch to repair non-circumferential defects in
vascular walls when primary closure could lead to lumen narrowing, both from the
defect and intimal hyperplasia stimulated by the closure. Its use is well-established
in cardiovascular surgery and in the repair of endarterectomies. The product is
commercially available in an acellular form, with no bovine DNA or proteins. While
not providing an improved patency, when compared with autologous vein patches,
it is easy to handle, has less suture bleeding, and saves the harvest of an autologous
vein.(Li et al. 2011)

Bovine pericadium can also be used to form a tubular graft for arterial reconstruction
and has been used as an alternative to allografts in the replacement of infected
aorta.(Yamamoto et al. 2009) The reported durability of the graft in aortic
reconstruction is high and rate of thrombosis low. However, the largest series to date
contains only 35 patients with a median follow-up of four year, while the other series
are notably smaller and with shorter follow-up.(Czerny et al. 2011, Kubota et al.
2015, Anibueze et al. 2017, Lutz et al. 2017, Weiss et al. 2017, Kreibich et al. 2018,
Rojas et al. 2019) No series have been published on the use of these grafts in venous
reconstructions.

6.3.2.4 Artificial vascular grafts

Polyethylene and polytetrafluoroethylene (PTFE) are old, but most commonly used,
synthetic vascular graft materials.(Desai 2011) Several modifications have been
made to polyethylene and PTFE in an attempt to improve graft patency. Early on,
polyethylene grafts were replaced with knitted polyethylene, coated with gelatine,
albumin, or collagen to improve handling and suturing qualities, and to reduce
thrombogenicity. These modifications have replaced simple polyethylene since the
1980'’s. External support in the form of firmer outer rings or spirals surrounding a thin
graft wall in expanded PTFE (ePTFE) graft is conceived beneficial in extra-anatomic or
below knee grafts, preventing graft lumen closure. Meta-analysis on peripheral
artery disease studies suggests that compared with autologous vein grafts, above the
knee femoral prosthetic graft bypasses are more likely to occlude.(Ambler and Twine
2018)

More recently, heparin coating has been used with both materials to improve
biocompatibility, with retrospective series suggesting better long-term
patency.(Devine et al. 2001, Bosiers et al. 2006, Samson et al. 2016) Non-randomized
studies have suggested performance of heparin-coated PTFE similar to autologous
vein grafts, but randomized controlled studies have yet to be performed.(Daenens et
al. 2009) The PTFE grafts used in nowadays Helsinki University Central Hospital are
heparin-coated.
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Two randomized trials comparing polyethylene and PTFE in aortoiliac reconstruction
demonstrated no difference in long-term patency rates or perioperative
complications.(Polterauer et al. 1992, Prager et al. 2001) No difference in patency
rates was observed between the two materials in femoropopliteal bypass grafts
either.(Abbott et al. 1997, Robinson et al. 1999)

Artificial vascular grafts are in risk of bacterial colonisation and are not recommended
for use in infected fields. For infected artificial grafts, the gold standard of treatment
is removal of the graft and debridement of the area, followed by either an extra-
anatomic reconstruction outside the infected field or the use of a biological
graft.(Chakfé et al. 2020)

6.4 RADIOTHERAPY IN THE TREATMENT OF SOFT TISSUE
SARCOMAS

The Scandinavian Sarcoma Group recommends postoperative radiotherapy in high-
grade, deep-seated soft tissue sarcomas regardless of surgical margin, following
marginal surgery in all high-grade soft tissue sarcomas irrespective of tumor depth
and following intralesional surgery irrespective of malignancy grade.(Group 2015)
The benefit of radiotherapy is considered negligible for patients with grade 1
liposarcoma, dermatofibrosarcoma protuberans or chondrosarcoma.(Jebsen et al.
2008) The evidence supporting the use of adjuvant radiotherapy is derived from
several retrospective patient series and register studies with sparse randomized
controlled trials on the topic.(Pisters et al. 1996, Yang et al. 1998)

Radiotherapy is associated with both a reduced local recurrence rate and an
improved overall survival in patients with high grade extremity soft tissue
sarcomas.(Jacobs et al. 2015) In patients with extremity or trunk wall soft tissue
sarcomas, postoperative radiotherapy has been found to reduce the risk of local
recurrence regardless of the surgical margin.(Jebsen et al. 2008)

The use of adjuvant radiotherapy in the treatment of retroperitoneal soft tissue
sarcomas is widely adopted but the benefits are less well-established. Large
retrospective studies have observed a benefit of radiotherapy in both local disease
control and overall survival. (Nussbaum et al. 2016, Haas et al. 2019) However, the
effect was not significant in multivariate analysis the treatment center, patient age,
patient sex, tumor size and grading, completeness of surgical resection, multifocality,
intraoperative tumor rupture, and administration of chemotherapy.(Haas et al.
2019) The first randomized, multicenter trial assessing the effectiveness of
radiotherapy in retroperitoneal soft tissue sarcomas failed to show an effect of
preoperative radiotherapy on the abdominal progression free survival with three
years of follow-up.(Bonvalot et al. 2020) The study included 266 patients randomized
to either preoperative radiotherapy or no radiotherapy. Notably, for patients with
liposarcoma, that formed 75% of the 266 patients included, subgroup analyses
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suggested a potential benefit of preoperative radiotherapy in this patient group in
reducing the likelihood of abdominal disease progression.

Whether the radiotherapy is given pre- or postoperatively appears to convey no
difference to local control, disease-free nor disease-specific survival.(Zagars et al.
2003) Pre- or postoperative radiotherapy is also not a contraindication for
microvascular reconstructions.(Spierer et al. 2003, Tseng et al. 2006)

In Helsinki University Hospital, the use of adjuvant radiotherapy pre- or
postoperatively is decided on individual bases at the multidisciplinary sarcoma
meetings.(Sampo et al. 2012) In general, preoperative radiotherapy is offered to high
grade tumors for which resection is predicted to result in macroscopically or
microscopically positive margins. Postoperative radiotherapy is used in peripheral
soft tissue sarcomas after intralesional or marginal resection. For retroperitoneal
sarcomas, postoperative radiotherapy is used only for residual macroscopic disease
as the radiotherapy field required to target the borders of a marginally resected
tumor is deemed too extensive. Tumors of low malignancy such as grade 1
liposarcomas are treated operatively with no adjuvant treatment. The practice is, in
general, in line with recommendations of the Scandinavian Sarcoma group and the
European Society for Medical Oncology.(Group 2015, Gronchi et al. 2021)

6.5 CHEMOTHERAPY IN THE TREATMENT OF SOFT TISSUE
SARCOMAS

Exact prediction of which soft tissue sarcoma patients are likely to benefit from
chemotherapy is difficult. During primary presentation with a single disease focus,
chemotherapy might be used preoperatively for tumor shrinkage when otherwise
achievable surgical resection margins would be insufficient, and data for a long-term
survival benefit for any histological subtype is sparce.(Pasquali and Gronchi 2017)
Adjuvant chemotherapy is indicated for tumors with high risk features to improve
local recurrence and distal recurrence and overall recurrence-free
survival.(Collaboration 1997, Pervaiz et al. 2008, Gronchi et al. 2016) For disease
recurrence, the role of chemotherapy is palliative.(Gronchi et al. 2021)

Anthracyclines, such as doxorubicin, are regarded as standard first line therapy, with
ifosfamide as the most commonly used adjunct.(Patrikidou et al. 2011) The use of
combination therapy, in comparison with doxorubicin alone, may not bring an overall
survival advantage.(Bramwell et al. 2003) Several systemic agents have shown
activity in selected soft tissue sarcoma types, and are mainly recommended as
second line agents in systemic disease.(Gronchi et al. 2021) For example,
gastrointestinal stromal tumors, characteristically bear a mutation in the proto-
oncogene c-KIT, coding for a transmembrane receptor tyrosine kinase, which can be
inhibited with imatinib.(Joensuu et al. 2012) Myxoid liposarcoma has a unique
targeted treatment, accepted in Europe for use as a second line option due to its
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hematologic and hepatologic toxicity. The chemotherapeutic agent trabectedin
blocks DNA-binding of the oncogenic transcription factor FUS-CHOP fusion protein,
has been shown effective in the treatment of advanced myxoid liposarcoma in both
localized and metastatic disease.(Di Giandomenico et al. 2014, Assi et al. 2019)

In Helsinki University Hospital, adjuvant chemotherapy is recommended for patients
with tumors that fulfill at least two of the following criteria: size greater than 8 cm (5
cm in synovial sarcomas), necrosis or vascular invasion. Sufficient performance status
and age generally less than 70 years are additional criteria. The treatment regime
varies but is doxorubicin-based.(Sampo et al. 2012) Like for radiotherapy, the use of
chemotherapy is, in general, in line with recommendations of the Scandinavian
Sarcoma group and the European Society for Medical Oncology.(Group 2015,
Gronchi et al. 2021)

6.6 FOLLOW-UP OF SOFT TISSUE SARCOMAS

All soft tissue sarcoma patients are reviewed at the multidisciplinary meeting after
the surgery to plan potential further treatments and follow-up. The primary aim of
the follow-up is to detect a potentially curable disease recurrence, either locally at
the primary tumor site or as a metastatic focus suitable for resection. The follow-up
consists of chest X-rays or chest CT scans, designed to detect metastatic disease, and
physical examination and an MRI, or rarely CT, of the primary tumor site, designed
to detect local disease recurrence. Guidelines of the recommended imaging
frequency are limited by the lack of studies assessing the optimal follow-up
pattern.(Rothermundt et al. 2014, Puri et al. 2018, Gronchi et al. 2021, Baia et al.
2022)

In Helsinki University hospital, for low-grade sarcomas, a chest X-ray is performed
every four months during the first two years, twice a year up to four years, yearly up
to seven years, and every 18 months up to ten years. A physical examination and an
MRI of the primary tumor site are performed yearly for seven years, and every 18
months up to ten years.

For high-grade sarcomas, a chest X-ray is performed every two months during the
first two years and every four months up to five years. A physical examination and
an MRI of the primary tumor site are performed every six months during the first two
years and annually up to five years.

6.7 FOLLOW-UP OF ONCOVASCULAR RECONSTRUCTIONS
No international guidelines exist on the follow-up of the vascular reconstructions

done in patients operated on for malignancy. The absence of guidelines is explained
by the range of disease burden and the complexity of reconstructions in this
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relatively small group of patients. In Helsinki University Hospital, the patency of the
vascular grafts is typically assessed at three months postoperatively, using MRA or
CT imaging for retroperitoneal grafts, duplex ultrasound assessment for the lower
limb grafts and physical exam at the vascular surgery outpatient clinic for all patients.
The aim is to pick up not only issues with the vascular reconstructions but also any
potential insufficiently treated symptoms, such as lower limb swelling or gait
disturbance. Subsequent evaluation of the grafts is synchronised with the imaging
done for local disease control, with the vascular surgeon annually assessing the graft
patency in the MRA or CT images. The patient is invited for a follow-up appointment
only if an issue with the reconstructions is identified in the images, sparing them the
travel to the quaternary centre.

An acute obstruction of the arterial graft, more common in the early postoperative
period, leads to ischemia and risks the loss of the limb. Thrombectomy is indicated,
possibly with fasciotomies of the affected limb, followed by an increase in the
thromboprophylaxis. Stenosis of the arterial graft may lead to claudication and
necessitate angioplasty. Vein grafts, on the other hand, can obstruct with few or no
symptoms. In the early postoperative period, thrombectomy and stenting may be
required for the obstructed vein graft, while often no intervention is required for late
thrombosis.
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7. AIMS OF THE STUDY

The aim of this project was to evaluate the treatment results and prognostic factors
of patients with rare presentations of soft tissue sarcomas. The specific aims of the
studies were:

I To assess the metastatic pattern of myxoid liposarcomas to obtain information
on the appropriate imaging approach for their detection.

Il To examine the prognostic factors for patients with intra-abdominal or
retroperitoneal liposarcomas.

Il To evaluate the safety of oncovascular surgery in the treatment of intra-
abdominal and retroperitoneal soft tissue sarcomas.

IV To appraise reconstructive outcomes of oncovascular surgery for soft tissue
sarcomas of the inguinal region and proximal thigh.
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8. PATIENTS AND METHODS

The studies were approved by the Helsinki University research ethics committee,
license number 270/12/03/2011, and the Finnish institute for health and welfare,
license number THL/1303/5.05.00/2011, and conducted in accordance with the
Helsinki Declaration.

8.1 PATIENTS

The study was carried out in Helsinki University Hospital. The patients were operated
on in the Helsinki University Hospital Department of Plastic Surgery (Study I, Study
IV), Department of Gastrointestinal Surgery (Study Il) and Department of Vascular
Surgery (Study Ill). Study | consisted of 32 patients with myxoid liposarcoma who had
been treated between 1987 and 2017 and for whom tissue samples of the tumor
confirmed the diagnosis. Study Il consisted of all the 107 patients treated for
retroperitoneal liposarcomas between 1987 and 2017. Study Ill consisted of 17
patients with retroperitoneal soft tissue sarcoma who required vascular
reconstructions to enable resection of the tumor, treated consecutively between
2010 and 2018. Study IV consisted of eight consecutive patients treated between
2014 and 2020 for soft tissue sarcomas of the proximal thigh or inguinal region who
required vascular reconstructions in conjunction with tumor resection.

Study |

A review of the prospectively maintained sarcoma database and a pathology
database was used to identify myxoid liposarcoma patients for the study. Based on
histological review, 46 patients were classified as myxoid liposarcomas and subjected
to genetic analysis.

Genetic analysis of the tumor samples was done in collaboration with the HUS
Diagnostics Center. The presence of the most common gene translocation
pathognomonic of myoxid liposarcoma, t(12; 16)(q13;p11.2) producing the
FUS::DDIT3 fusion was evaluated with fluorescent in situ hybridization (FISH) using
FUS (16p11.2) dual-color break-apart probe according to the manufacturer’s
protocol.(Vysis) Tumors that did not have the index translocation detectable on FISH
were further analyzed with Archer FusionPlex Sarcoma panel that assesses 148
locations using next generation sequencing.(Invitae) Only tumors that displayed
either the FUS::DDIT3 fusion or the ESWR1::DDIT3 fusion from t(12;22)(q13;q12)
translocation were included in the final study population.

Of the 46 patients identified in the databases and classified as myxoid liposarcomas
in the histology review, 26 had a FUS::DDIT3 fusion identified though FISH analysis.
No translocation was identified in eleven samples and nine of the FISH analysis
produced no result. The NGS Sarcoma panel was run on these twenty samples and

36



revealed four FUS::DDIT3 fusions and two ESWRT1::DDIT3 fusions. No result was
obtained in six of the samples and eight of the samples did not reveal either one of
the interest translocations. Two of these patients revealed other translocations:
NAB2::STAT6 fusion and COL1A1::PDGFB fusion, suggestive of solitary fibrous tumor
and dermatofibrosarcoma protuberans, respectively.(Simon et al. 1997, Chmielecki
et al. 2013) Thus, the final study population was 32 patients with genetically
confirmed MLS.

The patient records were reviewed for patient demographics, tumor size and
resection margins, adjuvant treatments, and follow-up details.

Study Il

A total of 107 patients treated for intra-abdominal or retroperitoneal liposarcoma
between 1987 and 2017, and for whom patient records were obtainable, were
included in the study. The patients were identified using the Helsinki University
Hospital sarcoma database and the pathology database. The patient records were
reviewed for demographic details, tumor histopathology and resection margins,
adjuvant treatments and oncological follow-up details.

Study Il

The study included 17 consecutive treated patients with retroperitoneal sarcoma
who underwent tumor resection and vascular reconstruction between 2010 and
2018. The patients were identified through reviewing all patients with
retroperitoneal sarcoma operated on by members of the oncovascular surgical team
in the time period. The patient records were reviewed for demographic details,
tumor histopathology, surgical details including the resected vessels and vascular
reconstructions, perioperative complications, adjuvant treatments, oncological
follow-up results, and patency of the vascular reconstructions on follow-up. Local
recurrence-, metastases-free and disease-specific survival were assessed.

Study IV

Eight patients with soft tissue sarcoma of the proximal thigh or inguinal region who
required vascular reconstruction following tumor resection were treated between
2014 and 2020. The patient records were reviewed for demographic details, tumor
histopathology, surgical details including the resected vessels and vascular
reconstructions, perioperative complications, adjuvant treatments and oncological
follow-up results.
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8.2 SURGERY

The treatment of all patients newly diagnosed with a soft tissue sarcoma is planned
by a multidisciplinary soft tissue sarcoma team. The team, founded in 1987, consists
of surgeons, oncologists, radiologists and pathologists, and meets weekly. A
multidisciplinary oncovascular team was established in 2015 to plan the treatment
of tumors invading or growing near large vessels. Meeting every two weeks, the team
includes vascular surgeons, gastrointestinal surgeons, endocrinological surgeons,
urologists, cardiothoracic surgeons and radiologists.

Study |

Thirty (94%) of the patients had a sheated needle biopsy of the tumor before surgery,
with the two without a biopsy having been treated over 30 years ago. All patients
had the primary tumor resected, the approach depending on the tumor location.

Study Il

A core needle biopsy was done to confirm the diagnosis preoperatively in the 40% of
the patients considered preoperative adjuvant treatment. A sheated needle and a
posterior approach were used to avoid contamination of the peritoneal cavity in
patients considered for preoperative adjuvant treatment.

The tumors were removed through laparotomy with an aim to achieve an excision
without any compromise to the tumor pseudocapsule. Due to the challenging
anatomical location, a tumor-free margin of 2.5 cm, that is generally considered
desirable in soft-tissue sarcoma excision, was often not practicable.

Resection of one or more visceral organs was done in 61% of the patients, in order
to achieve wider resection margins. Five patients (5%) required vascular
reconstructions in conjunction with the resection.

Study Il

A total of seventeen patients were operated on, ten for primary soft tissue sarcoma,
six for a recurrent tumor and one for a suspected tumor recurrence. Seven of the ten
patients with primary tumor had the pathological diagnosis confirmed preoperatively
with a sheathed needle through a posterior approach.

All the operations were laparotomies, and no concurrent thoracotomy was required.
Eleven patients (65%) had one or more visceral organs resected to improve resection
margins.

One or more arterial reconstructions were performed in 11 (65%) of the operations,
combined with a venous reconstruction in 8 (47%). The IVC was the only vessel
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reconstructed in two (14%), and altogether nine (64%) IVC reconstructions were
performed. Temporary extra-anatomical bypass from the axillary artery to the
kidneys or other viscera was used in three patients, to maintain end organ perfusion
during clamping of the aorta.(Heinola et al. 2016) Details of the reconstructions are
listed in table 5. The median operation duration was 7.02 (3.62-13.16) hours. Median
blood loss was 3700 (550 -13300) ml.

Study IV

Eight patients had soft tissue sarcomas resections that involved sacrifice of some of
the major vessels in the proximal thigh. The superficial femoral artery and vein were
reconstructed in all patients. The reconstruction included the external iliac vessels in
three patients, one of whom had also the deep femoral vessels reconstructed (Table
6). Smaller branches of the deep femoral artery were reconstructed when assessed
beneficial.

All reconstructions were done with either autologous vein (6 grafts in four patients)
or allograft (10 grafts in six patients). The preferred autograft was the saphenous
vein, while the cephalic vein was used when the saphenous vein was insufficient or
unavailable.

Pedicular muscle flaps with sartorius and gracilis were used for soft tissue coverage
in three of the primary operations and microvascular LD in three. In two patients, no
flap was initially used but the free flap reconstructions were performed on
postoperative days 64 and 105 to solve wound healing problems.

The median operative time was 7.9 (4.3 —9.1) hours (Table 7). The median blood loss
during surgery was 1565 (92 — 5000) ml, and 1 (0 - 14) units of red blood cells were
transfused during the day of the surgery.

The thromboprophylaxis regime included perioperative intravenous heparin at a
dose of 100 IU/kg and long-term acetylsalicylic acid 100 mg once daily. Low molecular
weight heparin was used postoperatively for up to three months. A double platelet
inhibition with the addition of clopidogrel was introduced for three months after
balloon angioplasty for graft stenosis.
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Table 5. Details of the vascular reconstructions of the 17 patients included in Study

Age (y)/ Tumour type Vessels resected  Vessel reconstruction Operative details
Sex
Patient 1 59F Leiomyosarcoma Infrarenal Aorta Aorta with polyethylene Temporary axillo-birenal
G2 T2bNOMO and IVC prosthesis, IVC with bovine bypass.
pericardium patch
Patient 2 62 F Leiomyosarcoma Aorta, IVC, Lrenal Aorta with polyethylene Y- R kidney resected.
G2 T2bNOM1 vein graft, IVC and L renal vein with
homocraft vein
Patient 3 56 F Leiomyosarcoma Liliac vein Autologous vein graft Preoperative embolisation
G2 T2bNOMO of the arteries feeding the
tumour. Sigma, L kidney
and ureter resected.
Patient 4 26 M Leiomyosarcoma Aorta, SMA, Polyethylene Temporary bypass from
G3 T1bNOMO hepatic artery and axillary artery to hepatica
R renal artery communis, SMA, right renal
artery. Pancreas, spleen
and L kindery resected.
Patient 5 58 F Leiomyosarcoma IVC Homograft vein
G3 T2bNOMO
Patient 6 46 M Leiomyosarcoma IvVC Autologous vein graft R kidney resected.
G3 T2bNOM1
Patient 7 68 F Leiomyosarcoma IVC and L renal Autologous vein graft R kidney resected.
G3 T1bNOMO vein
Patient 8 61F Leiomyosarcoma IVC and L renal IVC with homograft vein, renal R kidney resected.
G3 T2bNOMO vein vein with autologous vein
graft
Patient 9 40 F Leiomyosarcoma Linternal iliac Artery with PTFE, vein with
G3 T1bNOMO artery and autologus vein graft
external iliac vein
Patient 10 64 F Undifferentiated Aorta, IVC, Lrenal Arteries with polyethylene, Temporary axillo-renal
pleomorphic artery and vein veins with autologous vein bypass. Gallbladder and R
sarcoma graft kidney resected.
G3 T2bNOMO
Patient 11 59F Sclerosing lliaca internaand  Homocraft vein Uterus resected.
liposarcoma externa artery
G2 T2bNOMO and vein
Patient 12 70M  Myxoid Common iliac Artery with polyethylene,
liposarcoma artery and vein vena with autologous vein
G3 T2bNOMO graft
Patient 13 50 F Dedifferentiated L renal vein Autologous vein patch
liposarcoma G2
T2bNOMO
Patient 14 63 F Dedifferentiated Hepatic artery Autologous vein graft Pancreaticoduodenectomy
liposarcoma G2 and R hemicolon resected.
T2bNOMO
Patient 15 60 F Dedifferentiated Aorta and IVC Aorta with polyehtylene, IVC R kidney resected.
liposarcoma G3 Homograft vein
T2bNOMO
Patient 16 32M  Angiosarcoma Aorta, IVC patch,  Aorta, coeliac trunc, SMA, left  Temporary axillo-renal
epithelioides G3 coeliac trunc renal vein and both internal bypass. R kidney resected.
T2bNOMO iliac arteries with
polyethylene prosthesis, IVC
with bovine pericardium patch
Patient 17 30F Thrombosis, lung  Aorta Polyethylene

metastases
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Table 6. Reconstruction details for the patients in study IV. *Synthetic mesh /
**composite mesh used for inguinal ligament reconstruction and abdominal wall

support.
ID Artery Vein Arterial Vein graft Soft tissue Later revision Graft
resecti resectio graft material reconstruction complications
on n material
Patient 1 EIA - EIV-SFV  Autologous Autologous  Pedicular Revision and
SFA & & DFV vein vein sartorius pedicular gracilis
DFA due to infection
on POD 22.
Patient 2 EIA - EIV- Allograft Allograft Direct Revision due to
SFA SFV closure* skin necrosis on
POD 21.
Prolonged
lymphatic leak. LD
on POD 64.
Tendon transfers
for knee
extension at 36
months.
Patient 3 SFA SFV Autologous Allograft Pedicular Revision for New SFA graft
vein gracilis seroma infection with autologous
on POD 15. vein at 19
months.
Patient 4 SFA SFV Allograft Allograft LD
Patient 5 SFA SFV Allograft Allograft Skin graft LD on POD 105 PTA and stent to
due to aninfected  proximal arterial
seroma. stenosis 7
months, 8 times
thereafter.
Patient6  SFA SFV Autologous  Allograft Pedicular Seroma drainage
vein Sartorius* on POD 13.
Patient 7 SFA SFV Autologous Autologous LD Hematoma
vein vein evacuation on
POD 23.
Patient8  EIA- EIV— Allograft Allograft LD** LD harvest site Vein graft
SFA SFV hematoma thrombectomies
evacuation on on POD 2 and
POD 34. Ureter 13. Thrombus
compression on POD 33,
requiring treated

pyelostoma on
POD 41.

conservatively.
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Table 7. Perioperative details for patients with soft tissue sarcoma who underwent
tumor removal and vascular reconstruction in study IV. *Within 30 days of surgery.

ID Duration of Blood volume loss Units of red blood Days in HDU Days in hospital  Perioperative
operation  during surgery cells transfused complications*
(h) (ml) (n) (Clavien-Dindo class)

Patient 1 8.9 NA NA 1 11 3b

Patient 2 8.1 860 2 1 24 3b

Patient 3 43 1565 1 0 9 3b

Patient 4 8.8 2035 2 1 10 none

Patient 5 53 1735 2 0 10 none

Patient 6 7.1 92 0 1 8 3a

Patient 7 7.7 1300 2 0 8 3b

Patient 8 9.1 5000 14 2 54 3b

8.3 ADJUVANT TREATMENTS

Adjuvant treatments were decided by the multidisciplinary Helsinki University
Hospital sarcoma team, following the local guidelines. Preoperative radiotherapy
was offered to patients with high grade tumors for which resection was predicted to
result in macroscopically or microscopically positive margins. Postoperative
radiotherapy was recommended generally after marginal or intralesional surgery.
However, for intra-abdominal or retroperitoneal tumors, postoperative radiotherapy
is reserved for residual macroscopic tumors as the radiotherapy field required to
target borders of a marginally resected tumor was assessed too extensive. The
criteria for radiotherapy have remained unchanged during the 30 years covered in
these studies. Chemotherapy is recommended for patients with good performance
status and high-grade tumors fulfilling at least two of the following criteria: size larger
than 8 cm, necrosis or vascular invasion. A combination of doxorubicin and
ifosfamide has been used since 1998 in adjuvant treatments and is generally also as
the first line chemotherapy regime.

Study |

Twenty (63%) patients had radiotherapy for their primary tumor, all postoperatively.
Four of them (13% of all patients) had chemotherapy in addition to radiotherapy.
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Study Il

Grade 1 liposarcomas were treated operatively with no adjuvant treatments.
Preoperative radiotherapy was given to seven (7%) patients and postoperative
radiotherapy to 5 (5%) during the treatment of the primary tumor. One patient
received chemotherapy before and nine (9%) after surgery. In addition, three (3%)
patients were given both radio- and chemotherapy.

Two patients who did not have the tumor removed were treated with chemo- and
radiotherapy and two with radiotherapy alone.

Study Il

Ten (63%) of the patients with tumor surgery received no adjuvant treatments. Five
of these patients were treated for the primary presentation of the tumor. Six (38%)
patients received preoperative radiotherapy, two of whom also received
preoperative chemotherapy. One patient received only postoperative
chemotherapy.

Study IV

Six (75%) of the patients had radiotherapy to the primary or recurrent tumor that
was operated on, three preoperatively and three postoperatively. None of the
patients received chemotherapy for the index presentation.

8.4 SYSTEMATIC REVIEW OF LITERATURE

Study |

A comprehensive review of literature following PRISMA guidelines was done to
assess the pattern of myxoid liposarcoma metastases locations.(Moher et al. 2009)
A systematic literature search was performed on 22 June 2022 on databases Medline,
Web of Science and Scopus, using the search terms shown in table 8. Articles
including at least 10 patients with myxoid liposarcoma metastases were assessed for
eligibility and those reporting the locations and sequence of metastases in the
patients were included (Figure 1).

Location of the first metastases was recorded for each of the patients in the included
series. The locations were classified as pulmonary, intra-abdominal, soft tissue, bone
or multiple. Abdominal solid organ metastases and retroperitoneal metastases were
included in the intra-abdominal group, lymph node metastases in the soft tissue
group.
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Table 8. Search terms for the literature review run on June 24t 2022,

Database

Search terms

Medline

(liposarcoma myxoid) AND ((neoplasm metastasis) OR metastasis)

Web of Science
Core Collection

TOPIC: (myxoid* near/1 liposarcoma*) AND TOPIC: (metasta*)

Scopus

TITLE-ABS-KEY (liposarcoma myxoid) AND ((neoplasm metastasis) OR
metastasis) AND NOT INDEX (medline)
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Figure 1. PRISMA flow diagram of the systematic review for locations of myoxid

liposarcoma metastases. Chart based on Moher et al. 2009.
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Study I

A comprehensive literature review was performed to identify reports of patients with
intra-abdominal or retroperitoneal sarcomas who had a vascular reconstruction
during the resection of the tumor. The systematic literature search was performed
on databases World of Science, MEDLINE, and SCOPUS on 27.1.2020 with terms
shown in table 9. PRISMA guidelines were followed in the article selection (Figure
2).(Moher et al. 2009) Thirty-seven articles with 110 patients were identified for

inclusion.

Table 9. Search terms for the comprehensive review of literature in Study lIll.

Search engine

Search terms

PubMed

Web of Science

MEDLINE

SCOPUS

((vascular reconstruction) AND (((intra-abdominal) OR intra abdominal) OR retroperitoneal)) AND
(((neoplasm) OR cancer) OR tumor)

TOPIC: (intra* near/2 abdominal* OR retroperitoneal*) AND TOPIC: (cancer* OR neoplasm* OR tumor*
or tumour*) AND TOPIC: (vascular AND reconstruct*)

1. (intra* adj2 abdominal*).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms]

2. retroperiton*.mp.
3.1lor2

4. neoplasm*.mp.
5. exp NEOPLASMS/
6. cancer*.mp.

7. (tumor* or tumour*).mp. [mp=title, abstract, original title, name of substance word, subject heading
word, keyword heading word, protocol supplementary concept word, rare disease supplementary
concept word, unique identifier, synonyms]

8.4or50r6o0r7

9. (vascular* adj3 reconst*).mp. [mp-=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms]

10.3and 8and 9

( TITLE-ABS-KEY (intra* W/2 abdominal* OR retroperitoneal* ) AND TITLE-ABS-KEY ( neoplasm*
OR tumor* OR tumour* OR cancer*) AND TITLE-ABS-KEY ( vascular* AND reconstruct* )) AND
NOT INDEX ( medline )
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15V PRISMA 2009 Flow Diagram

o
5 Records identified through Additional records identified
'ﬁ database searching through other sources
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Figure 2. Steps followed in the identification of articles for the comprehensive

literature review in Study lll. Chart based on Moher et al. 2009.
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8.5 FOLLOW-UP

The patients in studies I-IV were followed up for cancer recurrence according to the
Helsinki University sarcoma protocol outlined in section 6. The follow-up of the
vascular grafts was designed for each patient on a case-by-case bases.

In patients of Study IV who attended the vascular follow-up clinic, the patency of the
vascular grafts was assessed with duplex ultrasound and lymphoedema of the
operated leg was evaluated using the truncated cone method (Brorson et al. 2015).
Function of the operated leg was evaluated with the Musculoskeletal Tumor Society
(MSTS) 1993 score which comprises of functional assessment of the affected limb,
completed by a physician (Davis et al. 1996, Kask et al. 2019), and the patient-
reported outcomes instrument Toronto extremity salvage score (TESS) (Enneking et
al. 1993, Kask et al. 2020).

8.6 STATISTICAL METHODS

IBM SPSS Statistics software, versions 26 and 27, was used for all the analysis.(IBM
2017)

Study |

Local progression-free, metastases-free and disease-specific survival were assessed
with Kaplan-Meier analysis for the patients treated in Helsinki University Hospital.

The fraction of the metastases in pulmonary, intra-abdominal, soft tissue, bone or
multiple location was calculated and the Clopper-Pearson exact with 95% confidence
intervals were estimated using Epitools.(Epitools 2022)

Study Il

Local recurrence-free survival, metastases-free survival and disease-specific survival
were calculated with Kaplan-Meier analysis for each tumor type and grade as well as
age at diagnosis, sex, tumor size over 20 cm, tumor multifocality, resection margins,
radiotherapy and chemotherapy. The results were compared using Log-Rank method
and a result with p < 0.05 was taken as a significant difference. Cox multiple
regression was done with variables found significant in univariate analysis. All tests
were two-sided. IBM SPSS software was used for all the analysis.

Study I

Estimates of survival or times to recurrence were calculated with Kaplan-Meier
analysis using IBM SPSS software and reported as median (range) or proportion
event-free at three years.

Study IV

All the results are presented as medians and ranges
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9. RESULTS

9.1 STUDY|I

The final study group included 32 patients with myxoid liposarcoma, 21 men and
eleven women. The median age at diagnosis was 47.7 years (rage 22.7 to 82.7 years).
The median follow-up time was 7.6 (2.1 to 16.7) years. The location of the primary
tumor was the lower limb in 29, and the upper limb, the head and the trunk wall for
one patient each.

9.1.1 HISTOPATHOLOGY

The maximum diameter of the tumor was over 10 cm in 17 (53%) patients and smaller
in 14 (44%). The size was not retrieved for one of the tumors. Twenty-one (66%) of
the tumors were grade 2 and eleven (34%) grade 3. The resection margins were RO
in 8 (25%), R1 in 19 (59%) and R2 in three (9%) patients. Data on resection margins
was not available for two of the patients.

9.1.2 TREATMENT RESULTS

Six (19%) of the patients developed a local recurrence during the follow-up. Four of
the local recurrences were in the lower limb, one in the upper limb and one in the
trunk wall. The five-year local progression-free survival was 84 + 7% (Figure 3).

Local disease progression-free survival
=TI ¥Sunvival Function

1.0 == Censored
0.8

E 0.6
g
5
(7]
E 04
[¥]
0.2
0.0
0 2 4 6 8 10
Time (years)
Number at risk: 32 28 25 21 13 9

Figure 3. Local progression-free survival of patients with myxoid liposarcoma.
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Metastases were detected in seven patients (22%), including two of the patients (6%)
presenting primarily with metastatic disease. The five-year metastases-free survival
was 78 + 7% (Figure 4). Each of the patients had initially a single metastatic tumor in
each location. Locations of the metastases were: Patient 1) lungs and pleura,
recurring later in the same location, patient 2) first intra-abdominal and a
supraclavicular lymph node, then subcutaneous, further intra-abdominal, lungs and
spine, patient 3) intra-abdominal, patient 4) first intra-abdominal, then further intra-
abdominal and subcutaneous around the scar, patient 5) the brain, patient 6) intra-
abdominal and contralateral thigh soft tissue, patient 7) first intra-abdominal, then
bone. Four of these patients developed also local disease recurrence.

Metastases-free survival
—1Sunvival Function

1.0 —|—Censored
0.8 \_l_‘—|_|_|_‘_v_m_»_‘_~_'_'_

g 0.6
£
5
(7]
E 04
Q
0.2
0.0
0 2 4 6 8 10
Time (years)
Number at risk: 32 29 25 22 13 9

Figure 4. Metastases-free survival of patients with myxoid liposarcoma.

Overall, nine patients had a local recurrence or metastases during follow-up with a
five-year disease-free survival of 75 + 8% (Figure 5). Six patients died of myxoid
liposarcoma during follow-up with a 5-year disease-specific survival of 87 + 6%
(Figure 6).
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Disease-free survival
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Figure 5. Disease-free survival of patients with myxoid liposarcoma.
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Figure 6. Disease-specific survival of patients with myxoid liposarcoma.



9.1.3 SYSTEMATIC REVIEW OF LITERATURE

Fourteen articles describing unique patient series with at least ten patients with
metastatic myxoid liposarcoma were identified for the analysis. The series included
a total of 1853 patients with myxoid liposarcoma, 348 (19%) of whom had metastatic
disease (Table 10).

Table 10. Series of patients with myxoid liposarcoma metastases included in the
meta-analysis. *Time for all types of liposarcoma included in the article. **Average
follow-up time.

Author Publication City Time Number of Number of Follow-up
year period patients with  patients with time
MLS metastases (months,
median)
Smith et al. 1996 Cleveland, USA 1961-1992 29 10 72
Zagars et al. 1996 Houston, USA 1964-1992 71 13 109*
Spillane et al. 1999 London, UK 1988-1998 50 12 43
ten Heuvel et al. 2007 Groningen, Holland 1977-2004 49 13 101
Sheah et al. 2008 Massachusetts, USA  1999-2007 112 12 Not reported
Guadagnolo et 2008 Houston, USA 1960-2003 127 27 109
Zﬁung etal. 2009 Toronto, Canada 1986-2004 88 12 86
Haniball et al. 2011 Birmingham, USA 1987-2005 160 52 55
Moreau et al. 2012 Montreal, Canada 1977-2008 418 83 62
Hoffman et al. 2012 Houston, USA 1990-2010 207 26 68
Baxter et al. 2015 Atlanta, USA 2000-2010 75 10 60
Muratori et al. 2018 Firenze, Italy 1994-2015 148 20 63**
Gouin et al. 2019 Lyon, France 2006-2011 45 10 43
Shinoda et al. 2020 Tokyo, Japan 2001-2015 274 48 a7

The overall prevalence of metastatic disease was 19%. Soft tissue metastases were
most common with a 32% prevalence (95% Cl 28-38%; Figure 7), followed by intra-
abdominal at 26% (95% ClI 21-31%; Figure 8), followed by pulmonary at 24% (95% Cl
19-29%; Figure 9) and bone metastases at 17% (95% Cl 13-22%; Figure 10). Of note,
for twelve of the series, pulmonary and pleural metastases were reported together,
or the potential inclusion of pleural metastases in the lung metastases counts was
not disclosed. Primary metastases were detected at multiple locations in 26% (95%
Cl 22-31%; Figure 11).
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Soft tissue metastases

Publication

Smith 1996
Zagars 1996
Spillane 1999
ten Heuvel 2007
Sheah 2008
Guadagnolo 2008
Chung 2009
Haniball 2011
Moreau 2012
Hoffman 2013
Baxter 2015
Mouratori 2018
Gouin 2019
Shinoda 2020
Visgauss 2021
Overall

Current series

Prevalence

0.7
0.31
0.58
0.38
0.33
0.22
0.33
0.62
0.17
0
0.3
0.1
0.2
0.48

0.38

{95% Cl)

0.35 -
0.09 -
0.28 -
0.14 -

0.1-
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0.1-
0.47
0.1-

0.93
0.61
0.85
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-0.42
0.65
-0.75
0.27

0-0

0.07 -
0.01 -
0.03 -
0.33 -
0.89 -

0.33

0.65
0.32
0.56
0.63
i

-0.43

0-0

Figure 7. First metastatic recurrence in soft tissues in myxoid liposarcoma patients.
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Publication

Smith 1996
Zagars 1996
Spillane 1999
ten Heuvel 2007
Sheah 2008
Guadagnolo 2008
Chung 2009
Haniball 2011
Moreau 2012
Hoffman 2013
Baxter 2015
Muratori 2018
Gouin 2019
Shinoda 2020
Visgauss 2021
Overall

Current series
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0.3
0.46
0.42
0.62
0.25
0.52
0.17
0.13
0.14
0.23
0
0.2
0
0.42

0.32
0.71
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0.07
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0.15
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Figure 8. First metastatic recurrence in the abdomen in myxoid liposarcoma

patients.
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Pulmonary metastases Publication Prevalence  (95% Cl)

B Smith 1996 0.7 0.35-0.93
— . Zagars 1996 0.15 0.02 - 0.45
| Spillane 1399 0.25 0.05 - 0.57
L ten Heuvel 2007 0.46 0.19 - 0.75
—— Sheah 2008 0.17 0.02 - 0.48
—a— Guadagnolo 2008 0.22 0.09-0.42
= Chung 2009 0.42 0.15-0.72
—a— Haniball 2011 0.27 0.16 - 0.41
—— Moreau 2012 0.17 0.1-0.27
—— Hoffman 2013 0.12 0.02-0.3
& Baxter 2015 0.5 0.19-0.81
—— Muratori 2018 0.45 0.23 - 0.68
| Gouin 2019 0 0-0
—a— Shinoda 2020 0.19 0.09 - 0.33
i Visgauss 2021 0.66 0.47-0.81
B Overall 0.28 0.23 - 0.33
—— Current series 0.14 0-0.58

0 02 04 06 08 1

Figure 9. First metastatic recurrence in the lungs in myxoid liposarcoma patients.

Bone metastases Publication Prevalence  (95% Cl)
i Smith 1996 0.2 0.03 - 0.56
—— Zagars 1996 0.08 0-0.36
| Spillane 1999 1] 0-0
—— ten Heuvel 2007 0.23 0.05 - 0.54
—a— Sheah 2008 0.25 0.05-0.57
—a— Guadagnolo 2008 0.15 0.04 - 0.34
—— Chung 2009 0.08 0-0.38
| ] Haniball 2011 0 0-0
—— Moreau 2012 0.12 0.06-0.21
— Hoffman 2013 0.23 0.09 - 0.44
B Baxter 2015 0.2 0.03 - 0.56
— Muratori 2018 0.25 0.09 - 0.49
L Gouin 2019 0.8 0.44 - 0.97
—— Shinoda 2020 0.31 0.19- 0.46
—a— Visgauss 2021 0.44 0.26 - 0.62
g Overall 0.19 0.16-0.24
| Current series 0 0-0

Figure 10. First metastatic recurrence in bone in myxoid liposarcoma patients.
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Multiple metastases locations Publication Prevalence  (95% Cl)

= Smith 1996 0.5 0.19 - 0.81
| Zagars 1996 0 0-0
n Spillane 1999 0.5 0.21-0.79
] ten Heuvel 2007 0.38 0.14 - 0.68
[ | Sheah 2008 0 0-0
| Guadagnolo 2008 ] 0-0
— Chung 2009 0.17 0.02 - 0.48
—— Haniball 2011 0.17 0.08-0.3
—— Moreau 2012 0.34 0.24 - 0.45
u Hoffman 2013 0 0-0
L] Baxter 2015 0 0-0
L Muratori 2018 0 0-0
= Gouin 2019 0.7 0.35 - 0.93
——— Shinoda 2020 0.48 0.33 - 0.63
—a— Visgauss 2021 0.69 0.5-0.84
i Overall 0.28 0.24 - 0.33
L Current series 0.29 0.04 - 0.71

Figure 11. First metastatic recurrence in multiple locations in myxoid liposarcoma
patients.

9.2 STUDYI

Altogether 107 patients with intra-abdominal or retroperitoneal liposarcoma were
included in the study, The median age at diagnosis was 62 years (interquartile range
(IQR) 52 to 73 years). Sixty-two (58 %) patients were female.

9.21 HISTOPATHOLOGICAL DIAGNOSIS

There were 28 (26 %) lipoma-like liposarcomas, 18 (17 %) dedifferentiated
liposarcomas, 3 (3 %) myxoid liposarcomas, 15 (14 %) pleomorphic liposarcomas and
43 (40 %) not specified liposarcomas. Twenty (19 %) tumors were multifocal at
presentation. Thirty (28%) tumors were histological grade 1, 31 (29%) grade 2, and
46 (43%) grade 3. Nine patients (8%) had metastatic disease at time of presentation.
(Table 11)

Tumor resection with microscopically negative margins was achieved in 84 (79%)
patients. The resection was intralesional in eleven (10%) patients. No resection or
only incomplete resection was done in eleven (10%) patients.
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Table 11. Details of the 107 retroperitoneal liposarcomas included in the analysis.

Tumor type
Lipoma-like
liposarcoma _ Dedifferentiated Myxoid Pleomorphic __Not specified
Count % Count % Count % Count % Count %
Tumor gradus ~ Grade 1 20 74% 0 0% 0 0% 0 0% 10 23%
Grade 2 5 19% 7 39% 3  100% 1 7% 15 34%
Grade 3 2 7% 1 61% 0 0% 14 93% 19 43%
Tumor size <20cm 14 52% 12 67% 2 67% 6  40% 11 25%
>20cm 12 44% 6 33% 1 33% 8 53% 33 75%
Resection RO 22 81% 14 78% 2 67% 7 4T% 40 9%
margins R1 3 1% 1 6% 0 0% 4  27% 3 7%
R2 or no 2 7% 1 6% 1 33% 4 27T% 1 2%
resection
Metastases at  No 23 85% 183 72% 1 33% 10 67% 34 77%
presentation Yes 4 15% 5 28% 2 67% 5 33% 10 23%
Radiotherapy No 20 74% 17 94% 2  67% 13 87% 39 89%
for primary Yes 7 26% 1 6% 1 33% 1 7% 5 1%
presentation
Chemotherapy  No 22 81% 17 94% 3  100% 13 87% 35 80%
for primary Yes 5 19% 1 6% 0 0% 1 7% 9 20%
presentation

9.2.2 PERIOPERATIVE COMPLICATIONS

Information on postoperative complications was available for 89 patients. Of these,
ten (11 %) patients had complications within 30 days of surgery. There were two
Clavien-Dindo class 1 complications, two class 2, one class 3a, three class 3b and two
class 5.(Dindo et al. 2004)

The complications were: Pneumonia, pulmonary embolus, pneumothorax, one
abdomen left open for later closure due to challenging hemostasis after
heparinization due to clamping of the aorta, one wound dehiscence, one patient
requiring to relaparotomies for postoperative bleed and poor stoma perfusion, and
two patients experiencing leg weakness due to spinal ischemia and nerve damage.
The two deaths were a patient who was found to have disseminated disease on
laparotomy and a patient who presented with an intestinal obstruction related to a
locally advanced tumor.

56



9.2.3 TREATMENT RESULTS

The five-year local recurrence-free survival was 37 £ 5 % in the 96 patients who had
a macroscopically complete resection of a primary liposarcoma. Sixty-nine of the
patients (72%) developed a local recurrence with a median time of 3.1 years (95% Cl
2.1 to 4.2 years). While tumor type (p = 0.04, Figure 12) and grade (p < 0.01, Figure
13) were predictive of local recurrence in univariate analysis, multifocality of the
tumor was the only factor that remained prognostic of local recurrence in
multivariate analysis (p = 0.02, Figure 14). (Table 12)

Local recurrence was surgically removed in 58 (84%) patients of whom 14 (24%)
received also adjuvant treatment. Four (6%) patients received only chemo- or
radiotherapy. The treatment for a local recurrence was considered successful in 53
(77%) patients of whom 45 (85%) developed one or more further recurrences during
the follow-up. The histological grade of the tumor increased during one or more of
the recurrences in 17 (25%) patients.

The five-year metastases-free survival was 81 + 4%. Nine patients (8%) had
metastatic disease at the time of liposarcoma diagnosis and further 17 (16%)
developed metastases during follow-up. Both local recurrence and metastases
developed in fourteen (15%) patients.

Tumor type (p = 0.01), grade (p < 0.01, Figure 15), surgical resection margins (p =
0.03), radiotherapy (p < 0.01) and chemotherapy (p < 0.01) were predictive of
metastasis free survival. Histological grade and chemotherapy remained predictive
factors in Cox multiple regression analysis. (Table 13)

The overall five-year disease-specific survival was 65 + 5%. Fifty-five patients (51%)
died of liposarcoma during follow-up. The median disease-specific survival from
diagnosis was 8.7 years (95% Cl 5.7 to 11.8 years). Tumor type (p < 0.01, Figure 16),
grade (p < 0.01, Figure 17) resection margins (p < 0.01, Figure 18), age (p = 0.02),
radiotherapy (p = 0.02), chemotherapy (p < 0.01) and metastases at time of diagnosis
(p < 0.01) were prognostic of disease-specific survival on univariate analysis.
Histological subtype and grade, and resection margins remained predictive factors in
Cox multiple regression analysis. (Table 14)
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Figure 12. Local recurrence-free survival by tumor type in 96 patients with
retroperitoneal liposarcoma who had the tumor resected with curative intent.
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Figure 13. Local recurrence-free survival by tumor grade in 96 patients with
retroperitoneal liposarcoma who had the tumor resected with curative intent.
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Figure 14. Local recurrence-free survival by tumor multifocality in 96 patients with
retroperitoneal liposarcoma who had the tumor resected with curative intent.

Table 12. Local recurrence-free survival for 96 patients after retroperitoneal
liposarcoma was resected with curative intent.

5-year local Hazard Ratio 95% Cl p
recurrence-free
survival
Histological subtype 0.37
Lipoma-like 0.59 1
De-differentiated 0.36 0.98 0.36 to 2.65 0.97
Myxoid 0.50 2.50 0.51t012.35 0.26
Pleomorphic 0.30 1.84 0.61to0 5.45 0.28
Not specified 0.26 1.64 0.80to 3.37 0.18
Histological grade 0.08
Grade 1 0.52 1
Grade 2 0.40 1.47 0.67 to 3.19 0.33
Grade 3 0.23 2.29 1.07 to 4.90 0.03
Multifocality 0.02
No 0.14 1
Yes 0.42 2.08 1.14 t0 3.80
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Figure 15. Metastases-free survival by tumor grade in 107 patients with
retroperitoneal liposarcoma.

Table 13. Metastases-free survival in 107 patients with retroperitoneal
liposarcoma.
5-year Hazard Ratio 95% CI ]
metastases-free
survival
Histological subtype 0.18
Lipoma-like 0.86 1
De-differentiated 0.82 0.27 0.05 to 1.48 0.27
Myxoid 0.33 2.28 0.28 t0 18.38 0.44
Pleomorphic 0.73 0.41 0.08t01.17 0.29
Not specified 0.83 0.3 0.08 to 1.12 0.09
Histological grade 0.02
Grade 1 0.96 1
Grade 2 0.83 4.30 0.67 to 27.47 0.12
Grade 3 0.71 16.47 2.23to 121.7 <0.01
Resection margins 0.02
RO 0.83 1
R1 0.89 0.45 0.09to 2.34 0.34
R2 or no resection 0.64 1.61 0.44 to0 5.89 0.48
Radiotherapy
No 0.86 1
Yes 0.51 1.95 0.67 to0 5.65 0.22
Chemotherapy
No 0.88 1
Yes 0.41 3.03 1.15t07.98 0.03
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Figure 16. Disease-specific survival by histological tumor type in 107 patients with

retroperitoneal liposarcoma.
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Figure 17. Disease-specific survival by tumor grade in 107 patients with

retroperitoneal liposarcoma.
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Figure 18. Disease-specific survival by resection margins in 107 patients with
retroperitoneal liposarcoma.

Table 14. Disease-specific survival in 107 patients with retroperitoneal
liposarcoma.

5-year disease Hazard Ratio 95% CI ]
- specific
survival
Histological subtype 0.04
Lipoma-like 0.76 1
De-differentiated 0.55 0.26 0.08 to 0.82 0.02
Myxoid 0.33 0.39 0.07 to 2.39 0.31
Pleomorphic 0.30 0.44 0.14to 1.40 0.16
Not specified 0.76 0.23 0.09 to0 0.63 <0.01
Histological grade <0.01
Grade 1 0.92 1
Grade 2 0.76 9.13 2.38t0 35.07 <0.01
Grade 3 0.41 29.42 6.68 t0 129.6 <0.01
Resection margins <0.01
RO 0.71 1
R1 0.60 1.82 0.74 to 4.45 0.19
R2 or no resection 0.15 4.17 1.69 to 10.31 <0.01
Radiotherapy
No 0.70 1
Yes 0.40 1.16 0.50 to 2.69 0.73
Chemotherapy
No 0.74 1
Yes 0.16 1.71 0.74t0 5.93 0.17
Metastases at diagnosis
No 0.70 1
Yes 0.13 1.70 0.62 to 4.65 0.30
Age 1.02 1.00 to 1.05 0.08
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9.3 STUDY

Ten patients with primary presentation of a retroperitoneal soft tissue sarcoma, six
patients with a disease recurrence and one patient with a suspected disease
recurrence were included. The median age at operation was 59 (26-70) years. Details
of the patients and tumors are in table 5. The median follow-up time was 27 (0-82)
months.

9.3.1 HISTOPATHOLOGY

Ten patients had leiomyosarcoma, five had liposarcoma, one had undifferentiated
pleomorphic sarcoma, and one had an epithelioid angiosarcoma. One patient with
resection of a leiomyosarcoma two years earlier was operated on for a suspected
intravascular recurrence in the inferior vena cava (IVC), but only thrombosis and scar
tissue were found in the histological examination.

A wide resection margin, defined as a tumor-free margin of at least 2.5 cm or
marginal margin was achieved in 14 (86% of the patients with a tumor).

9.3.2 PERIOPERATIVE COMPLICATIONS

All but one patient were treated in the intensive care unit for three (0-9) days
postoperatively.

Two patients had minor, Clavien-Dindo class 1 and 2 complications while five patients
had complications of higher class (Table 15). Patient 1 had transient chylous leak and
a urinary tract infection. Patient 2 underwent thrombectomy for IVC homograft, had
acute kidney injury requiring dialysis, and had melaena with no bleeding visible on
gastro- or colonoscopy. Patient 3 had thrombectomy and stenting of iliac vein
autologous vein graft. Patient 10 underwent relaparotomy for haemorrhage on the
eighth post-operative day. Patient 15 had spinal ischaemia resulting in paraparesis
that had not resolved by the discharge from hospital. Patient 16 had transient
chylous leak as well as persistent diarrhoea attributed to disturbed enteral nervous
system function. Patient 17, who had aortic reconstruction with polyethylene,
underwent thrombectomy and embolectomies combined with bilateral lower leg
fasciotomies due to early thrombosis. This patient was known to have resistance to
activated protein C.

The perioperative 30-day mortality was zero. Two patients were lost to follow-up
after being transferred for further care and follow-up at their local hospital on the
seventh postoperative day. However, they both were alive according to the Finnish
population register at the time of data collection, two and seven years after the
operation.
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9.3.3 VASCULAR COMPLICATIONS ON FOLLOW-UP

Two of the nine patients with IVC reconstruction had late IVC thrombosis with minor
symptoms and no intervention was required. Two further patients had IVC
obstruction caused by local tumor recurrence. Patient 17 who had aortic graft
thrombosis in the early post-operative period had further graft thrombosis 19
months after the operation. Embolectomy and stenting were performed, and the
graft remained open for the remainder of the follow up. Three of the patients did not
have imaging studies to assess graft patency on follow-up. (Table 15)
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Table 15. Surgical outcomes, vascular complications on follow-up and oncological
outcomes for retroperitoneal sarcoma resections and vascular reconstructions.

Resection Vascular invasion Vascular complication on Follow-up State at the
margins follow-up time end of follow-
(months) up
Patient 1 M Yes IVC thrombosis, minor 41 Free
sympoms.
Patient 2 M No IVC thrombosis, thrombectoy 10 Living with
on 1st postoperative day.
Patient 3 M No lliac thrombosis, thrombectomy 22 Dead of
and stent on 5th postoperative
day.
Patient 4 M Yes 11 Free
Patient 5 M Yes 54 Free
Patient 6 M Arises from IVC Graft thrombosis, minor 1 Living with
sympoms
Patient 7 IL No 0.2 Free
Patient 8 M Yes 54 Living with
Patient 9 w No 15 Free
Patient 10 M Arises from IVC 72 Free
Patient 11 M Not specified on PAD 12 Dead of
Patient 12 M No 43 Dead of
Patient 13 M No 45 Living with
Patient 14 W No 66 Dead of
Patient 15 M No invasion into aorta; 0.2 Free
IVC not specified on PAD
Patient 16 M Arises from aorta 16 Free
Patient 17 Not Not applicable IVC thrombosis, thrombectomy 10 Living with
applicable and lower leg fasciotomies on
1st postoperative day.

65



9.3.4 TREATMENT RESULTS

In the patients with sarcoma resection, local recurrence developed in six patients
with an estimated median local relapse-free time of 43 months. The three-year local-
relapse-free survival rate was 61% (Figure 19). Metastases were present at the time
of surgery in three patients and four additional patients developed metastases
during follow-up. Estimated median and 3-year metastasis-free survival were 48 (20-
76) months and 68%, respectively (Figure 20).

The estimated median and three-year disease-free survival time for the sarcoma
resection patients were 35 (0-74) months and 46%, respectively (Figure 21). Two
patients had the metastases resected in a later operation and remained disease free
thereafter. Patient 5 with leiomyosarcoma grade 3 had liver metastases resected at
47 months and was disease free at 54 months while patient 10 with undifferentiated
pleomorphic sarcoma G3 was disease free at 72 months after having pulmonary
metastases resected at 10 months. At the end of the follow-up, eight (47%) patients
were disease free, four (24%) were living with sarcoma and five (29%) had died of
the disease.

The three-year survival was 80%, and the estimated median survival 66 months. All
deaths during follow-up were due to sarcoma. The five patients who died had local
recurrence, with three having had the vascular reconstruction as part of a resection
of an already recurrent tumor. One of the patients dying with recurrent disease also
had metastases at time of surgery and one developed metastases during follow-up.

Local recurrence-free survival

—1Survival Function
1.0 == Censored

08

L

0.6

Cum Survival

04

02

0.0

Time (months)
Mumber at risk: 17 12 9 5

Figure 19. Local recurrence-free survival for patients with intra-abdominal or
retroperitoneal sarcoma following oncovascular surgery.
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Figure 20. Metastases-free survival for patients with intra-abdominal or
retroperitoneal sarcoma following oncovascular surgery.
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Figure 21. Disease-free survival for patients with intra-abdominal or
retroperitoneal sarcoma following oncovascular surgery.
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9.3.5 SYSTEMATIC REVIEW OF LITERATURE

Thirty-seven articles were included in the systematic review on vascular
reconstructions in patients with retroperitoneal sarcoma (Table 16). The median
number of eligible patients per article was 2 (1-17) and 19 (51%) articles included
only one eligible patient. Fifteen patients (14%) had other vessel reconstructions in
conjunction with the IVC reconstruction. Five of these patients had aortic
reconstructions while the others had one or both renal veins reconstructed. Details
of the tumor type, histological margins, and perioperative complications are in table
17.

The majority of patients (58%) remained disease free during a follow-up of 0 to 181
months. Local recurrence or metastases were reported in 47 (43%) of patients. The
time of disease recurrence was not reported with sufficient consistency to allow for
formal survival analysis. Eight (7%) patients died of sarcoma. The estimated three-
year overall survival was 94%.

Graft occlusion was reported in 14 (13%) patients. No graft patency data was
reported for 20 patients. The estimated three-year patency for the grafts was 82%.

9.3.5.1 IVC reconstructions

IVC was the most common vessel reconstructed with 103 reconstructions reported.
The reconstruction was done with an interposition graft in 90 (87%) patients.
Polytetrafluoroethylene (PTFE) was the most common graft material, either ring-
reinforced (46 patients (45%)) or without support (22 patients (21%)). Polyethylene
terephthalate grafts (10 patients (10%)), homograft (10 patients (10%)) and grafts
fashioned from autologous vein (2 patients (2%)) were less frequent. Patch
reconstruction was used in 13 (13%) patients.

The range of follow-up for all patients with IVC reconstructions was 0 to 181 months.
Data on graft patency was reported for 73 patients (71%), including patients in whom
the assessment of graft patency relied on clinical status alone. The range grafts were
reported open was 0 to 72 months. Twelve (16%) graft occlusions were identified
during follow-up. These included one ring expanded PTFE graft that occluded in the
presence of infection 16 days postoperatively following a duodenal leak. In addition,
partial graft occlusion was reported in two patients with PTFE grafts, one of which
was reinforced.

The number of patients included in this review is too small to allow for comparison
of occlusion rates in the various graft types. Further, the absence of imaging data
during follow-up may have resulted in underreporting of asymptomatic occlusions.
Data on IVC patency was available for 11 (85%) of patch repaired IVC. Only one IVC,
patch repaired with polyethylene, occluded during follow-up. One partial IVC
stenosis related to patch repair with peritoneum was also reported. (Table 18)
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Table 16. Articles included in the systematic review on vascular reconstructions in
patients with retroperitoneal sarcoma.

Authors Year City Number of Number of Time period for Follow up
patients patients with  the patients (months, median
total sarcoma (range))

Alkhalili et al 2016 New Mexico 2 2 2013-2016 18 (1-36)

Anaya-Ayala et al 2011 Houston 1 1 2011 2

Angiletta et al 2001 Bari, Italy 1 1 not stated 36

Arii et al 2003 Tokyo 11 1 1990-2001 11

Bower et al 2000 Washington, USA 29 17 1990-1999 31(0-72)

Brown et al 2015 Sydney, Australia 1 1 not stated 5

Caldarelli et al 2002 Pisa, Italy 7 3 1991-2001 24 (12-28)

Caso et al 2008 Tampa, Florida, USA 18 1 1999-2008 6

Choetal 2008  Pittsburgh, USA 9 3 1990-2008 30(12-181)

Coppa et al 2013  Milan, Italy 5 1 2005-2011 50

Coubeau et al 2017 Brussels, Belgium 4 3 2015 4 (4-4)

DuBay et al 2009 Toronto, Canada 1 1 not stated 3

Fiore et al 2012  Milan, ltaly 15 11 2004-2011 20 (2-62)

Gageetal 2012 New York, USA 1 1 not stated 15

Grimaldi et al 2019 Rome, ltaly 4 1 2009-2017 74

Guerrero et al 2007  Houston, USA 1 1 not stated 14

Hardwigsen et al 2005 Marseille, France 5 4 1995-2000 41 (20-52)

Hardwigsen et al 2001 Marseille, France 14 2 1992-1998 20 (20-20)

Hirohashi et al 2002 Oska, Japan 1 1 1996 69

Ito et al 1998 Nagoya, Japan 1 1 not stated 18

Kato et al 2013  Sapporo, Japan 23 1 1984-2011 9

Kraybill et al 1997 Washington, USA 3 3 1993-1994 19 (1-26)

Kwon et al 2003  Seoul, Korea 4 4 1999-2002 24 (61)

Kyriazi et al 2010 Athens, Greece 2 1 not stated 36

Liu et al 2018 Peking, China 10 8 2009-2017 46 (10-67)

Mann et al 2012 Washington, USA 17 8 1984-2009 50 (18-125)

Nayyar et al 2010 New Delhi 2 2 not stated 8 (6-9)

Ohman et al 2013  Houston, USA 1 1 not stated 0

Sarkar et al 1998 Los Angeles, USA 10 7 1993-1997 18 (7-48)

Stauffer et al 2008 Jacksonville, USA 1 1 not stated 12

Suzman et al 2000 New York, USA 1 1 not stated 1

Tameo et al 2010 Philadelphia, USA 2 2 not stated 10 (4-16)

Teixeira et al 2017  Sao Paulo, Brazil 7 4 2007-2013 48 (38-57)

Teoetal 2005 Singapore 4 1 2002 18

Wachtel et al 2015 Philadelphia, USA 6 6 2005-2013 43 (12-108)

Wang et al 2012  Changchun, China 2 2 not stated 18 (9-27)

Wise et al 2012 Rochester, USA 1 1 not stated 0
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Table 17. Tumor type, resection margins and perioperative complications in
previously published patients who had undergone vascular reconstruction during
resection of a retroperitoneal soft tissue sarcoma.

Histological type

Resection margin

Clavien-Dindo class

Number of patients (%)

Leiomyosarcoma 95 (87)
Liposarcoma 8(7)
Rhabdomyosarcoma 3 (3)
Fibrosarcoma 1(1)
Malignant fibrous 1(1)
histiocytoma

Synovial sarcoma 1(1)
Negative 62 (56)
Positive 11 (10)
Not stated 37 (34)
None 59 (54)
1 4(4)

2 9(8)

3 15 (14)
4 3(3)

5 1(1)
Not stated 19 (17)

Table 18. Details of IVC reconstructions in review patients.

Graft type n (%) Follow-up (months, Patency info Graft occlusion Graft reported
range) available (n) n (% of those for patent until

whom info (months, range)
available)

All 103 (100) 0-181 84 13 (15) 0-106

Grafts

PTFE, ringed 46 (45) 0-72 38 4(11) 0-72

PTFE 22 (21) 1-85 15 2(14) 1-67

Polyethylene 10 (10) 12-181 8 3(38) 3-57

Homograft 10 (10) 2-62 10 3(30) 2-62

Autologous vein 2(2) 3-5 2 0 3-5

Patches

PTFE 2(2) 13-36 1 0 13

Polyethylene 1(1) 9 1 1(100) 0

Autologous vein 2(2) 106-125 1 0 106

Peritoneum 4(4) 1-4 4 0 1-4

Bovine pericardium 4(4) 2-51 4 0 0-51
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9.3.5.2 Aortic reconstructions

Reconstruction of the aorta was reported for six patients with polyethylene as the
most common (83%) graft material (Table 19). Two of the reconstructions were from
suprarenal level down to bifurcation while the other four were infrarenal. No
superior mesenteric artery or renal artery reconstructions were done in these
patients. Five of the reconstructions were done in conjunction with IVC
reconstructions.

No perioperative complications were reported for four of the patients. One patient
had persistent left chylothorax, which was treated with a pleurovenous shunt, as well
as persistent diarrhea. One had persistent diarrhea. No graft occlusions were
reported. The follow-up range was 0 to 26 months.

9.3.5.3 Renal vein reconstructions

Renal vein reconstruction was reported for ten patients in six publications (Table 19).
Nine of these were done in conjunction with IVC reconstruction. Various materials
were used and material for the repair done without concomitant IVC reconstruction
was not specified.

One occlusion of a PTFE graft at 24 months was reported. No perioperative
complications were reported for six of the patients. Three patients had
relaparotomies for hemorrhage. One patient had a Clavien-Dindo class 2
complication, not further specified. The follow-up range was 4 to 66 months.

9.3.5.4 lliac artery and vein reconstructions

lliac vessel reconstruction without IVC reconstruction was reported for four patients
in two publications (Table 19). No other vascular reconstructions were done for these
patients. One series included three patients in whom ring reinforced PTFE grafts were
used. Spiral autologous vein was used in the fourth patient.

One of the patients had postoperative ileus that resolved with conservative
management. No other perioperative complications were reported. The follow-up
range was 5 to 28 months. Two of the three PTFE grafts occluded, at 6 and 10 months.

9.3.5.5 Other reconstructions
Reconstruction of the superior mesenteric vein and the portal vein with an
autologous vein patch was reported in one patient with leiomyosarcoma of the

splenic vein. A 15-month follow-up was reported for this patient, but no details of
the vein patency or oncological outcome were specified.(Gage et al. 2012) Notably,
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no reconstructions of other visceral arteries, such as the superior mesenteric artery
or the renal arteries, were described.

9.4 STUDYIV

Eight patients with soft tissue sarcoma resection in the thigh necessitating vascular
reconstructions were included in the study. The median age at operation was 59 (19-
77) years (Table 19).

9.41 HISTOPATHOLOGY

Six patients were treated for a primary tumor; three leiomyosarcomas, one myxoid
liposarcoma, one myoepithelioma and one alveolar soft tissue sarcoma (Table 19).
The patient number 4 had a recurrent leiomyosarcoma treated three years earlier
with marginal excision and postoperative radiotherapy. The patient number 8 was
now operated on for synovial sarcoma metastases after having had the primary
tumor, located then at the distal thigh, treated with wide excision already 35 years
ago. No local recurrence had been detected but inguinal lymph node metastases
have been resected 29 years ago and again 8 months prior to this presentation. The
patient number 3 had small, stable lung metastases at time of surgery while the other
patients had local disease.

The histological resection margin was wide or marginal in seven patients and
intralesional in one. In addition, surgical site contamination with the tumor occurred
during the operation on the patient number 8.

9.4.2 PERIOPERATIVE COMPLICATIONS

Five of the patients required a second operation within the 30-day perioperative
period and four patients later on for postoperative complications. Three of the
patients required more than one additional operation. (Table 6)

An additional flap was done in three patients, two for complications related to
lymphatic collections and one in the context of a surgical site infection. This included
the patient number 5 who did not have a flap as part of the primary operation. The
patient number 8 required repeat thrombectomies to the graft vein without long-
term patency, despite the use of venous compression devices and high dose low
molecular weight heparin.
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Table 19. Patient demographics, treatment and follow-up details of lower limb soft
tissue sarcoma patients treated with vascular and soft tissue reconstructions by
Helsinki University sarcoma team from 2014 to 2020. F = female; M = male. *Time
of metastases detection reported in brackets. **Postoperative chemotherapy was
not given due to delayed wound healing.

ID Age Tumor Resection Adjuvant Length of Status at the end of
(years) margins treatment follow-up follow-up*
sex (months)

Patient 1 77M Leiomyosarcoma Intralesional  Preoperative 73 Alive with metastases (24
G3 T2NOMO radiotherapy months)

Patient 2 58 F Leiomyosarcoma Marginal Preoperative 48 Alive with metastases (37
G3 TINOMO radiotherapy** months)

Patient 3 59 M Leiomyosarcoma Marginal Postoperative 43 Alive with metastases
G3 T2NOM1 radiotherapy

Patient 4 53 F Leiomyosarcoma Marginal None 36 Death from metastatic
G3 recurrence disease (13 months). Local
TINOMO recurrence resected at 13

months.

Patient 5 29 M Myoepithelioma Marginal Postoperative 44 Alive, no evidence of
GX T3NOMO radiotherapy disease

Patient 6 67 M Myxoid Marginal Preoperative 30 Alive, no evidence of
liposarcoma radiotherapy disease
G2 T2NOMO

Patient 7 19M Alveolar soft tissue  Wide None 6 Alive, no evidence of
sarcoma disease
GX T2NOMO

Patient 8 75M Synovial sarcoma Marginal Postoperative 2 Alive, no evidence of
metastases radiotherapy disease

9.4.3 PATENCY OF VASCULAR GRAFTS ON FOLLOW-UP

Assessment of femoral or iliac graft patency with duplex ultrasound was available for
seven patients out of eight, with a follow up of 48 (2 — 76) months (Table 20). Five
(71%) of the vein grafts had thrombosed. These included both of the autologous vein
grafts and three of the five allografts. The twelve-month patency rate for the venous
grafts was 50 + 18%.

Five of the arterial grafts remained patent during follow-up. The arterialized
autologous vein graft of patient 3 had obstructed at 19 months, and, after an
unsuccessful angioplasty, a new arterial bypass graft was done. The new graft was
found obstructed with sufficient collateral circulation to maintain leg vitality at 23
months. At the 48-month follow-up, he reported a claudication distance of 40
meters. The patient number 5 had several angioplasties for the arterial allograft
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starting at 7 months. At 48 months the graft was again found stenosed and an
angioplasty was programmed. With the above interventions, the achieved twelve-
month patency rate for the arterial grafts was 100% and 24-month patency rate 83 +
15%.

9.44 FUNCTIONAL OUTCOMES

The postoperative functional outcome was assessed clinically for six patients at 48 (6
— 76) months (Table 20). Three of the patients had oedema with more than 10 %
volume increase in comparison with the non-operated leg, one despite appropriate
use of compression garments. Reflecting an acceptable functional outcome, the
median MSTS score was 70 (43 — 87)% and TESS 90 (75 — 100)%. Only patient 2 had
an abnormal gait and used a crutch.

Table 20. Graft patency and functional outcomes for patients with soft tissue
sarcoma who underwent tumor removal and vascular reconstruction *Volume
difference in comparison with the non-operated side. **Lost to follow-up. ***Only
discharged from hospital at time of writing. Venous graft obstructed on
postoperative day 33, artery patent.

ID Time from Graft patency Edema* Compressive ~ MSTS  TESS Gait
surgery sock use /
(months) Appropriate
Patient 1 76 Artery patent, vein 14 % Yes / No 80 % 85 % Normal
obstructed at 4
months
Patient 2 52 Artery patent, vein 13% Yes / Yes 43 % 75 % Unsteady,
obstructed at 23 uses a crutch
months
Patient 3 48 Artery obstructed at 2% No / No 70% 89% Normal.
21 months, vein Claudication
patent at40m
Patient 4 **
Patient 5 48 Artery stenosed, vein 144 % Yes / Yes 70 % 90 % Normal
obstructed at 6
months
Patient 6 33 Artery and vein patent 23 % Yes / No 70 % 100%  Normal
Patient 7 6 Artery patent, vein 3% No / No 87 % 91 % Normal

obstructed since last
assessment

Patient 8 ***
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10. DISCUSSION

10.1 METASTATIC PATTERN OF MYXOID LIPOSARCOMAS AND ITS
IMPLICATIONS FOR IMAGING DURING DISEASE STAGING AND
FOLLOW-UP

The metastatic disease is more common in MLS than other types of liposarcoma, with
15-44% of patients been diagnosed with metastatic disease by five years from
diagnosis.(Guadagnolo et al. 2008, Haniball et al. 2011, Muratori et al. 2018, Gouin
et al. 2019) While the disease has, overall, a fairly good prognosis with 10-year
disease-specific survival of 56-87%, the development of metastases is associated
with a significantly reduced prognosis. (Zagars et al. 1996, Spillane et al. 1999, ten
Heuvel et al. 2007, Guadagnolo et al. 2008, Haniball et al. 2011, Hoffman et al. 2013,
Muratori et al. 2018)

The metastatic pattern of MLS is particularly interesting as, unlike for other
liposarcomas and most soft tissue sarcomas, extrapulmonary metastases are
common in MLS.(Estourgie et al. 2002, Pitson et al. 2004, Guadagnolo et al. 2008,
Chung et al. 2009) In our patient population, uniquely containing only patients with
confirmed pathognomonic gene translocation, seven (22%) of the patients
developed metastatic disease. Five of them, 16% of all patients, had abdomen as the
first location of metastases with only one patient having lung metastases combined
with pleural disease. This distribution of metastases is in line with the pattern
observed in the 1835 MLS patients included in the systematic review, except for our
patients having a larger portion of the metastases intra-abdominally. It is, however,
possible that the stringent inclusion criteria applied to our patient series resulted in
an inappropriate exclusion of some MLS patients with degraded tumor samples or
gene fusion variants not detected by the sequencing probes, thus impacting the
distribution of metastases observed in our population. In the present review
patients, metastases were first detected in the soft tissues in 32%, intra-abdominally,
including the retroperitoneum, in 26% and in bone in 17%. Several metastases were
discovered simultaneously in 26%.(Smith et al. 1996, Zagars et al. 1996, Spillane et
al. 1999, ten Heuvel et al. 2007, Guadagnolo et al. 2008, Sheah et al. 2008, Chung et
al. 2009, Haniball et al. 2011, Moreau et al. 2012, Hoffman et al. 2013, Baxter et al.
2015, Gouin et al. 2019, Shinoda et al. 2020, Visgauss et al. 2021) No association was
observed between the location of the primary tumor and the first metastases in our
patients or the review series, pointing to likely hematologic spread, independent of
vascular anatomy.(Smith et al. 1996, Spillane et al. 1999, ten Heuvel et al. 2007,
Sheah et al. 2008)

Lungs or pleura were the single first site of metastases in only 24% of the review
patients, with most of the series not specifying whether the metastases were in fact
in the lungs or pleura. The distinction is important as resection of pulmonary
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metastases with tumor-free margins is potentially curative in patients with soft tissue
sarcoma.(Nevala et al. 2019) Incomplete surgical removal, on the other hand, does
not convey better disease-free survival than chemotherapy.(Nevala et al. 2019,
Nakamura et al. 2021) The surgery can be considered for patients with sufficient
performance status and no active disease at the primary tumor site. In addition, the
metastatic nodules need to be confined to the lung parenchyma, and be either
singular or distributed in a manner that enables complete surgical resection. The
presence of a single metastatic pulmonary lesion is associated with improved
survival.(Chudgar et al. 2017, Nakamura et al. 2021) For our patient with primary
metastases in the lungs and pleura, surgery was thus not an option.

Chest X-rays, or chest CT scans, are recommended during follow-up of soft tissue
sarcomas, including MLS.(Gronchi et al. 2021) The aim of the follow-up is to detect
treatable disease recurrence. For soft tissue sarcomas that tend to metastasize to
lungs, the benefits of chest imaging are straightforward as it is likely to lead to the
detection of metastatic disease. For MLS, chest imaging is used to detect resectable,
and potentially curable metastatic disease. The benefit of early detection of
extrapulmonary metastases remains under debate, as resection of the metastases,
or adjuvant treatments, is not considered curative. However, patient series
containing a range of soft tissue sarcomas, radical resection of extrapulmonary
metastases has resulted in encouraging medium-term disease
control.(Marudanayagam et al. 2011, Wigge et al. 2018, Gronchi et al. 2021)

With abdomen being the most common anatomical region of metastases in MLS,
Inclusion of abdominal CT scans in the staging and follow-up imaging of patients with
myxoid liposarcoma has been proposed.(Estourgie et al. 2002, Chung et al. 2009)
However, conventional abdominal CT scans involve a significant radiation exposure.
In addition, abdominal scans do not capture the, also frequent, soft tissue metastases
in the limbs, the chest and the head and neck region.

Bone metastases of MLS present another challenge to imaging. Up to 90% of MLS
metastases are not sclerotic, and thus difficult to detect with CT. (Visgauss et al.
2021) Bone scan and PET-CT have also been suggested to have a negative predictive
power of only 88% and 85%, respectively, at detecting spinal metastases.(Schwab et
al. 2007)

Whole-body MRI imaging has been proposed as a suitable imaging modality in the
follow-up of MLS patients, detecting capturing soft tissue, visceral and bone
metastases.(Schwab et al. 2007, Gorelik et al. 2018, Visgauss et al. 2021) However,
no studies have yet demonstrated an improved disease-specific survival from the
earlier detection of the metastases that whole-body MRI might bring. In addition, no
consensus has been reached on the potentially beneficial frequency of the whole-
body MRI. The literature review identified two centers that routinely use whole-body
MRI in the standard follow-up of MLS patients.(Gouin et al. 2019, Visgauss et al.
2021) Most centers, including ours, have used MRI only in imaging of the primary
tumor site for local recurrence.
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Overall, more studies are needed on the potential overall and disease-free survival
that early detection and treatment of MSL metastases might bring. Currently, the
available data are insufficient to justify recommending the inclusion of abdominal or
whole-body imaging to the routine follow-up of MLS patients. However, whole-body
imaging may have a place during the staging of these patients.

10.2 PROGNOSTIC FACTORS FOR PATIENTS WITH INTRA-
ABDOMINAL OR RETROPERITONEAL LIPOSARCOMA

Often intimately surrounded by abdominal viscera or retroperitoneal structures,
abdominal and retroperitoneal, hereafter referred to as retroperitoneal,
liposarcomas are particularly challenging to treat. Due to the location, the tumors
often present late, having reached a size large enough to cause symptoms. In our
patient population, 91% of the patients presented with symptoms and 57% of the
tumors were over 20 cm in diameter. In addition, 9% of the tumors had invaded
surrounding viscera.

For many retroperitoneal liposarcomas, radical resection of the tumor is not possible
without the resection of affected viscera or major blood vessels. This presents a
challenge as radical resection of the primary tumor is key to disease control in
liposarcomas.(Lewis et al. 1998, Sampo et al. 2008, Bonvalot et al. 2009, Brennan et
al. 2014, Toulmonde et al. 2014) In our series, microscopically negative margins were
achieved in 79% of patients, with contiguous resection of one or more visceral organs
in 61% of patients. Oncovascular reconstruction was done in 5%. The resection
margins were predictive of disease-specific survival, with the actuarial five-year
survival for patients who had not been operated on or had the tumor removed
intralesionally 15%, a marked difference to 92% for patients with negative resection
margins. The overall disease-specific survival, 65%, is similar to that reported by
other large centers. centers.(Singer et al. 2003, Hassan et al. 2004, Vos et al. 2019)
Microscopically positive resection margins, a situation where the all of the tumor had
been macroscopically removed, were not associated with a worse disease-specific or
local recurrence-free survival. Similar finding has been previously reported in a series
involving a range of retroperitoneal soft tissue sarcomas.(Hassan et al. 2004) These
findings support a surgical approach aiming at gross complete removal of the tumor,
if the location of the tumor does not enable inclusion of boarder margins without
damage to adjacent structures.

Radiotherapy is given preoperatively in our institute for gradus 2 or higher tumors to
increase the likelihood of radical resection, and postoperatively for high grade
tumors that have been resected intralesionally or with a narrow tumor-free margin.
Overall, 9% of our patients received radiotherapy. The benefits of preoperative
radiotherapy on disease-specific and local recurrence-free survival have been
debated, with two large collaborative studies demonstrating no survival advantage
from the treatment compared to surgery alone.(Lee et al. 2016, Chouliaras et al.

77



2019, Haas et al. 2019) However, a randomized multicenter, open-label trial
suggested that, although radiotherapy does not convey survival advantage in most
retroperitoneal sarcomas, the local recurrence of liposarcomas may be reduced with
the treatment.(Bonvalot et al. 2020)

Histological grade was a second factor predictive of disease-specific survival in our
population. The actuarial five-year disease-specific survival was 92% for grade 1
tumors, 76% for grade 2 tumors and 41% for grade 3 tumors. This is in line with
previous reports identifying grade as a predictor of survival in retroperitoneal soft
tissue sarcomas.(Lewis et al. 1998, Chouliaras et al. 2019) Univariate analysis
suggested that higher grade is associated with a greater likelihood of local
recurrence. The effect was not maintained in a multivariate analysis including also
the histological subtype and multifocality. Of the 69 patients that developed one or
more local recurrences, tumor dedifferentiation to a higher grade was observed in
17 (25%), in line with a previous report of 33% dedifferentiation rate observed in
lipoma-like liposarcomas.(Fabre-Guillevin et al. 2006) Histological grade was
additionally predictive of metastatic disease, with grade 3 tumors having a 16-fold
higher risk of developing metastases than grade 1 tumors. A trend of higher grade
retroperitoneal liposarcomas metastasizing more frequently has been observed also
in other institutes.(Chouliaras et al. 2019)

Histological subtype was a third factor predictive of disease-specific survival in our
population, a finding observed also in larger series of retroperitoneal soft tissue
sarcomas.(Singer et al. 2003, Hassan et al. 2004) (Tan et al. 2016) It was also
predictive of local recurrence on univariate analysis, but failed to reach significance
in multivariate analysis that included tumor grade and multifocality. Histological
subtypes of retroperitoneal liposarcoma have also been suggested to have different
metastatic potential but we did not observe this. (Singer et al. 2003, Bonvalot et al.
2009, Chouliaras et al. 2019) Altogether, metastases in our patient group were rare,
with a five-year metastases-free survival of 80%. In addition, our analysis of the effect
of histological subtype was based on the original pathology reports and hindered by
40% of the tumors not having a subgroup specified in the report. Compared with
most series, well-differentiated liposarcomas were underrepresented in our
patients, with only 26% of the tumors classified in that, typically least aggressive,
category. Three myxoid liposarcomas were included in the series, none of which
were included in study | due to failure of the tissue samples to produce any result,
positive or negative, on the gene analyses.

Multifocality of the tumor at time of diagnosis was the only factor predictive of local
recurrence-free survival on multivariable analysis and was associated with two-fold
increase in risk of recurrence. Of those who had the recurrence resected, 85%
developed one or more further recurrences. This is similar to rates reported
previously (60-84%) and supports the idea that development of multifocal disease in
the peritoneum renders the disease poorly controllable with repeat surgeries. (Lewis
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et al. 1998, lkoma et al. 2018) Early surgery, in these situations, may not be the best
treatment strategy.

10.3 SAFETY OF ONCOVASCULAR SURGERY IN THE TREATMENT OF
SOFT TISSUE SARCOMAS

Emergence of oncovascular surgery has enabled surgical treatment of soft tissue
sarcoma patients with involvement of retroperitoneal vessels and limb sparing
surgery in patients with invasion of the common or superficial femoral
vessels.(Fortner et al. 1977, Imparato et al. 1978, Schwarzbach et al. 2006) . Provided
clear margins are achieved with the resection, the need for vascular resection is not
associated with worse oncological prognosis.(Schwarzbach et al. 2006) Despite the
first case reports of vascular reconstructions during soft tissue sarcoma resections
being over thirty years old, the surgery is infrequent and most published series are
small. The perioperative morbidity and mortality, and long-term patency rates of the
vascular grafts have not been fully established.

The operations are long and undertaken by members of the oncovascular team,
including a vascular surgeon with a gastrointestinal surgeon, in the case of
retroperitoneal tumors, or with a plastic surgeon during lower limb surgery. The
median operative time for retroperitoneal tumors was seven hours. The median
blood loss during the operation was 3700 ml, with one patient losing over 13 |. All
but one of the patients require postoperative care at the intensive care unit, for a
median three days. For lower limb tumors, the median length of the operation was
eight hours and the median blood loss 1565 ml. Typically the patients spent the first
postoperative night at the intensive care unit.

The rate of postoperative complications observed in our patients was high. For the
17 patients undergoing retroperitoneal surgery, postoperative complications
occurred in 41%. Two patients (12%) suffered major organ dysfunction with one
requiring dialysis for acute kidney injury and another one developing paraparesis
from spinal ischemia. Additional operations were done in 24% during the 30-day
postoperative period. For 18% of the patients, the reason for additional surgery was
graft occlusion. In the review population, postoperative complications occurred in
30%, reoperations were done in 3% and graft occlusion was detected in 14%,
respectively.(Kraybill et al. 1997, Sarkar et al. 1998, Bower et al. 2000, Suzman et al.
2000, Hardwigsen et al. 2001, Hirohashi et al. 2002, Kwon et al. 2003, Hardwigsen et
al. 2005, Guerrero et al. 2007, Cho et al. 2008, DuBay et al. 2009, Kyriazi et al. 2010,
Nayyar et al. 2010, Tameo et al. 2010, Anaya-Ayala et al. 2011, Angiletta et al. 2011,
Fiore et al. 2012, Wang et al. 2012, Wise et al. 2012, Kato et al. 2013, Ohman et al.
2013, Brown et al. 2015, Wachtel et al. 2015, Alkhalili et al. 2016, Coubeau et al.
2017, Teixeira et al. 2017, Liu et al. 2018) The perioperative mortality was, however,
low with none of our patients and only one of the 110 review patients dying. These
data suggest that even though oncovascular surgery in patients with retroperitoneal
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sarcomas is associated with significant perioperative morbidity, many of the
complications can be managed conservatively or with non-complicated reoperations.

Complications requiring surgery were common in our patients with sarcomas
resected in the proximal thigh, all related directly to the surgical site. However, the
limb salvage was successful in all eight patients. This is in line with the combined
limb-salvage rate of 94 % reported in a recent review including 18 studies and 271
sarcoma patients with lower limb vascular reconstructions.(Fujiki et al. 2020) Five
(63%) patients required a second operation during the 30-day postoperative period.
Three of the re-operations were done for surgical site infection, two of these in the
context of an infected seroma. Notably, the only two patients in whom a muscle flap
coverage for the grafts was not judged necessary at the primary operation,
developed sustained seroma collections at the resection cavity and underwent
seroma revisions with muscle flap reconstructions after 64 and 105 days. No
microvascular flap loss or partial necrosis was detected in our population, possibly
reflecting the small number of patients included in the series, use of the reliable LD-
flap, and the experience of the surgeons and the medical team in microvascular
surgery.

The observation of increased wound healing issues, and reports of prolonged
lymphatic collection despite meticulous ligation of the lymphatic vessels during the
surgery, have shaped our practice to favor immediate flap reconstruction in the
limbs, involving a pedicled or a microvascular flap is used to cover the vessel grafts
and to fill the created cavity.(Ghert et al. 2005, Davis et al. 2017) The flaps are
employed in primary surgery unless the grafts can be covered directly with
surrounding muscles. When no pedicled flap of sufficient volume is available in the
thigh, or preoperative radiotherapy has rendered the local flap less reliable,
musculocutaneous LD is our preferred choice. The arterial inflow to the flap is often
connected to the arterial graft, but a native vein is preferred for the venous outflow
to minimize the circulatory compromise an obstructed venous graft would inflict on
the microvascular flap.

Long-term patency of the vascular grafts has previously been poorly described and
no consensus exists on the recommended frequency and modality of the imaging
used for the grafts following oncovascular surgery. In the 110 patients with
retroperitoneal vascular reconstructions included in the present review, patency of
the graft at follow-up was reported for 90%. The combined estimated three-year
patency for the grafts was 82%. Comparisons between graft materials were not
possible due to the small number of patients and occlusions. Homografts have,
however, been found to be associated with higher rates of occlusion.(Fiore et al.
2012, Ferraris et al. 2019) In line with this, three of the ten homografts in the review
population occluded during follow-up. Our series had a relatively high number of
homografts as they are the graft material of choice for contaminated clean field, in
our unit and elsewhere.(Quinones-Baldrich et al. 2012, Brennan et al. 2014,
Poultsides et al. 2015) In our patients, one of the five homografts occluded on day
one and underwent thrombectomy with a sustained result. No late homograft
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occlusions were observed. Two late IVC thrombosis were detected, one in an
autologous vein graft and one following a bovine patch repair. One late thrombosis
of an aortic graft was observed, in a patient who had aortic graft thrombosis treated
for the first time already in early postoperative period. Analysis of factors influencing
the risk of graft infection was not possible either, as only one infection was reported
in the review population, and none occurred in our cohort.

The patency of the vascular grafts was assessed in seven of our patients with
superficial femoral vessel reconstructions. The median follow-up, 48 months, was
too short for assessment of a three-year patency. The two-year patency for the
arterial grafts was 83%, including one patient who required repeat angioplasties for
graft stenosis. The occlusion rate was higher for the vein grafts, with only two of the
grafts patent at two years. The twelve-month patency rate for the venous grafts was
50%. Notably, six of the vein reconstructions were homografts, two of which
remained patent on follow-up. The arterial graft patency rates we observed were
similar to, but the venous graft rates worse than, those reported elsewhere for
sarcoma patients.(Adelani et al. 2007, Nishinari et al. 2015, Poultsides et al. 2015,
Okamoto et al. 2018, Fujiki et al. 2020, Berner et al. 2021) The risk factors for graft
occlusion have not, to my knowledge, been studied in the context of sarcoma
reconstruction, and our population was too small for any informative analysis on
that. With arterial bypass grafts for arteriosclerosis, the graft patency is dependent
on the distal vasculature, not properties of the graft.(Alback et al. 1998) In addition,
the long-term patency of venous grafts for arterial bypass in the femoral region
supersedes that for PTFE grafts, supporting our preference for autologous grafts and
homografts.(Klinkert et al. 2004)

At least mild limb edema was present in four out of our six patients evaluated. The
presence or extent of edema is inconsistently reported in the literature for this
patient group, with some series observing a degree of edema in all patients while
others report edema only as a transient postoperative issue, minimized by venous
reconstruction.(Ghert et al. 2005, Baxter et al. 2007, Umezawa et al. 2013, Nishinari
etal. 2015, Berner et al. 2021) The etiology of the edema is likely to be multifactorial.
Graft obstruction, or the decision not to reconstruct the vein, is likely to be a
contributor in the early postoperative period, the impact dissipating if and when
sufficient collateral circulation develops.(Adelani et al. 2007, Tsukushi et al. 2008,
Fujiki et al. 2020) A second contributor is the disruption of the lymphatic pathways
caused by the resection. One method proposed to enhance lymph flow recovery
following tissue reconstruction is the placement of the flap in an orientation where
pre-mapped lymphatic channels in the skin align axially with the lymphatic flow
present at the defect site prior to resection, either with or without a
lymphaticovenous anastomosis. (Yamamoto et al. 2018, Pereira et al. 2021, Scaglioni
etal. 2021, Yamamoto et al. 2021, Scaglioni et al. 2022) While the microvascular flaps
with a skin island are typically aligned in an orientation reflecting the likely path of
the lymphatics, no preoperative lymphatic mapping or lymphaticovenous
anastomosis are done in our practice.
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The functional outcomes achieved with the vascular and soft tissue reconstructions
in our patients with proximal thigh soft tissue sarcoma resections were good. Our
patients scored high, median 90%, on the self-reported TESS that assesses the ability
to perform tasks of daily living, suggesting that the patients did not feel limited by
their leg function. The physician-assessed MSTS median score 70% reflected a slight
impairment in the strength and mobility of the limb. The MSTS scores were slightly
lower than previously reported scores, 83% and 85%, for patients with lower limb
sarcomas requiring oncovascular surgery.(Emori et al. 2012, Davis et al. 2017)

The oncological outcomes of the resections were encouraging. For the patients with
retroperitoneal tumors, resection with wide or marginal margins was achieved in
88% of our patients, in line with the 85% radical resection rate reported for the
review patients. The three-year disease-free survival of our patients was 46%, with
35% developing a local recurrence during follow-up, and the sarcoma-related
mortality was 29%. The oncovascular approach enabling radical resection is likely to
have improved the disease-free survival in these patients, particularly since the
benefits of radio- and chemotherapy are limited in this patient group. (Lewis et al.
1998, Sampo et al. 2008, Brennan et al. 2014, Toulmonde et al. 2014)

Of the eight patients with femoral tumors, resection with wide or marginal margins
was achieved in seven. One local recurrence was detected at twelve months. One of
the patients had metastatic disease already at the time of the operation and further
three developed metastatic disease during follow-up. The median disease-free
survival was 37 months. The patient with a local recurrence died with metastatic
disease at 36 months. The median follow-up duration for the others was 30 (range 2
to 73) months. While the patient group is too small for comparison with previously
published series, the disease course observed in these patients with advanced
disease at time of surgery, together with the good performance status of the
salvaged limb, imply a successful surgical strategy.
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11. CONCLUSIONS

Study |

The single most frequent anatomical location for first metastases in MLS is the
abdomen, in prevalence preceded by soft tissues around the body. Lungs are the first
location in less than third of patients. Thus, imaging of only the primary tumor site
and lungs is insufficient at detecting majority of the metastases and, as such,
inadequate for primary staging.

Study Il

Intra-abdominal or retroperitoneal liposarcomas tend to recur locally. Histological
subtype and grade are significant predictors of survival for tumors resected with
macroscopically clear margins. Multifocality is associated with poor survival.

Study I

Vascular reconstructions enable radical resection of advanced intra-abdominal and
retroperitoneal tumors. The level of postoperative complications is acceptable.
While longer follow-up data are needed to assess the long-term performance of the
vascular reconstructions, oncovascular surgery enables operative treatment of these
patients who were previously considered inoperable.

Study IV

Vascular reconstructions combined with microvascular reconstructions enable limb-
sparing surgery in patients with soft tissue sarcoma involving the femoral vessels.
The functional outcomes achieved for the reconstructed limb are good to excellent,
justifying the complex surgery and early high morbidity.
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