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Purpose: Patients with advanced stage oral cavity squamous cell carcinoma (OSCC) have a poor prognosis
despite aggressive multimodal therapy. Segmental mandibulectomy is required in some of these patients to achieve
an oncologically complete resection. Patients undergoing segmental mandibulectomy, particularly of the anterior arch
and the body of the mandible, will have significant functional and aesthetic morbidity, and therefore, reconstruction of the
resected segment of the mandible becomes an integral part of the surgical plan. Patients must be thoroughly assessed
preoperatively to decide which type of reconstruction is optimal and feasible in each case. The aim of this study is
to describe the clinicopathological characteristics and oncological outcomes of patients with OSCC who underwent
segmental mandibulectomy at our institution, and to define our selection criteria for fibula free flap (FFF) reconstruction.
Methods: After receiving approval from our Institutional Review Board, a retrospective analysis was
performed on 2082 consecutive patients who had a biopsy-proven invasive squamous cell carcinoma
of the oral cavity treated with primary surgery between 1985 and 2015 at our institution. For this study, we selected
the patients that required segmental mandibulectomy to form our final cohort of 311 patients. To analyze our
selection criteria for FFF reconstruction, patients were grouped according to the type of reconstruction: patients
with FFF reconstruction (n=139, 44.7%) vs patients without FFF reconstruction (n=172, 55.3%). The outcomes
of interest were overall survival (OS), disease-specific survival (DSS) and local, regional, and distant recurrence-
free probability (LRFP, RRFP, DRFP). To compare variables between groups we used Pearson’s chi-squared test.
Survival curves were calculated according to the Kaplan—Meier method and differences in survival were compared
using the log-rank test. Unadjusted hazard ratios (HR) were calculated using the Cox proportional hazard model.
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Results: The mean age was 64 years (range, 28-100), and 61.4% were men. Nearly 90% of patients had stage lll-IV
tumors. The most common primary tumor site was lower alveolus (52.1%). Bone invasion was present in 69.8%
of patients and 6.1% had positive bone margins; these patients had poor prognosis and management was challenging.
For the whole cohort (n = 311), median follow-up time was 32 months (range, 11-87). Five-year OS and DSS were
45.2% and 63.9%, respectively. Five-year LRFP, RRFP, and DRFP were 71.3%, 83.5%, and 83.3%, respectively.
Patients with FFF reconstruction were younger (p<0.001) and had less comorbidities (p=0.031). Patients with FFF
also had a lower percentage of tumors in the buccal mucosa or retromolar trigone compared to patients without
FFF (14.4% vs 34.9%, p<0.001). There were no differences in terms of sex (p=0.187) or tobacco and alcohol use
(p=0.773 and p=0.931). No differences in clinical or pathological staging between groups were observed (p=0.729
and p=0.543, respectively). When evaluating adjuvant treatment, the group without FFF reconstruction had
a higher percentage of patients, with comorbid conditions, who could not receive adjuvant treatment compared
to the group of patients with FFF reconstruction (39.5% vs 26.6%, p=0.050). Patients with FFF had a 5-year OS
of 59.0%, compared to 34.8% in patients without FFF (HR: 0.473; 95% CI: 0.358-0.623, p<0.001). This clearly shows
the selection bias for patients who had FFF reconstruction. The 5-year DSS in the group of patients with FFF was
69.6%, compared to 58.0% in the group without FFF (HR: 0.634; 95% CI: 0.409-0.984, p=0.042). No significant
differences were seen when LRFP was analyzed between groups; the 5-year LRFP in the group of patients with
FFF was 74.2%, and 68.6% in the group without FFF (HR: 0.742; 95% CI: 0.462-1.189, p=0.215).

Conclusion: Segmental mandibulectomy with FFF reconstruction remains the treatment of choice in properly selected
patients with OSCC. In our cohort of 2082 OSCC patients, 15% needed a segmental mandibulectomy and almost half
of them had FFF reconstruction. In general, younger patients with less comorbidities and with anterior arch or body
of the mandible involvement are the best candidates for FFF reconstruction. This underscores the need for a thorough
preoperative assessment and stringent selection criteria. Patients with positive bone margins have a poor prognosis
and management is challenging. New techniques that better assess bone margins intraoperatively need to be studied.
Keywords: Oral cavity; Squamous cell carcinoma; Segmental mandibulectomy; Fibula free flap; Reconstruction
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Llenb nccnepoBaHus: NauneHTbl C pacnpocTpaHeHHbIM MIOCKOKIETOYHbIM pakom nonoctu pta (MPI1P) nvetot
He6naronpusaTHbIA NPOrHO3 3aboneBaHns, HECMOTPS Ha NPUMEHEHWEe arpecCBHON MyNETUMOLASIBHON Tepanuu.
HekoTopbIM 60J1bHbLIM A1151 BOCTUXXEHUS OHKONOMMHYECKN NOSTHON pe3eKunn TpebyeTcs cermeHTapHas MaHanoynak-
ToMUS. [aumeHTbl, noaBepraLwmecs cerMeHTapHoM MaHaMOYyNaKTOMUKU, OCOOEHHO yaaneHuio nepegHen oyru v
Tena HYOKHEN YenoCTU, UMEIOT 3Ha4YMTENbHbIE PYHKLIMOHATBHBIE M ACTETUHECKME NPOBIEMbI; TaKMM 06pa3om, pe-
KOHCTPYKLMS pE3ELMPOBaHHOIO CErMEHTA HVXKHEW YEMIOCTM CTAHOBMTCS HEOTHEMIIEMOW HaCTbIO NaHa onepauum.
o onepauny Heo6x0OMMO NPOBECTY TLLATENbHOE 06CIefoBaHNe, YTOObI YCTAHOBUTb, KAKOW TUM PEKOHCTPYKLUN
SIBNAETCS ONTUMAasIbHbIM M BbINOMHMMbIM B KOHKPETHOM crny4ae. Lienbto faHHoro nccnegoBaHus aBnseTcs onmcaHue
KIMHUKO-MATONOrMYEeCKMX XapakTepUCTUK M OHKONOrnyeckux ncxonos naumeHTos ¢ MNPIIP, nepeHecLumx cermeHTap-
HYI0 MaHANOYNIKTOMMIO B HALLIEM YUYPEXAEHUN, & TaKXKe onpefeneHne CO6CTBEHHbIX KpUTepres oT6opa 605bHbIX
LNsi PEKOHCTPYKLMM CBOGOAHBIM ManobepLoBbimM nockytom (CMJT).

MeTogbl. [Mocne nonyyenns padpeLuenms ot Coseta IHCTUTYTa Bbin BbINOMHEH PETPOCMNEKTVBHLIA aHANN3 UCTOPUIA 60-
ne3Hn 2082 605bHbIX MOPdONOrM4eckn NOATBEPXKAEHHbLIM MHBa3VBHbIM [MPTP, nonyyasLumx neperM4HOE XMpypruyeckoe
neyeHue B nepuog mexay 1985 1 2015 r.r. B Halem yupexaeHun. B naHHoe nccnenoaHune 6biv BKIKOYEHbI NaLMeHTbI,
KOTOPbIM NPOBOAMNACH CErMeHTapHas MaHaMoynakTomus (Bcero 311 naumeHToB). YTo6bl NPOTECTUPOBATHL COOCTBEHHbIE
KpuTepum oTéopa A PEKOHCTPYKLMM CBOGOAHLIM ManiobepLIoBbIM NOCKYTOM, Mbl CrPYMNMpOBasnv NaLuMeHToB COrnacHo
TNy PEKOHCTPYKLMKW: NaumneHTbl ¢ pekoHcTpyKumen CMIT (n=139, 44,7%) n nauneHTbl 6e3 pekoHCcTpykummn CMIT (n=172,
55,3%). K HTEpECYIOLLIMM HAC KOHEYHbIM TOYKaM OTHOCUIMCh 06LLas BbhknBaemocTb (OB), onyxonb-cneumdmyeckas
BbDKMBaemMocTb (CB) 1 BEpOATHOCTb OTCYTCTBMSA NOKAIbHOrO, PErMOHapHOro unu oTaaneHHoro peunavea (BOJP,
BOPP, BOOP). [insi cpaBHEHUs NepEMEHHbIX MeXy rpynnamMun Mbl UICNONb30Banu xv-keagpat kputepuii MNMupcoxa.
KpvBble BbDKMBaeMOCTH paccuuTbiBany no Metogy KannaHa—Menepa, a pa3nmymsa B BbDKMBAEMOCTU CpaBHUBASN
C UCMoMb30BaHMEM JIOrapuMMYecKoro Kputepus. HeckoppekTupoBaHHble 0THoLeHNS puckoB (OP) 6binn paccym-
TaHbl C UCNONb30BAHMEM MOLENM NMPOMNOPLIMOHAIIbHbIX pUCKoB Kokca.

Pesynbratbl: CpefHuii Bo3pacTt 60/bHbIX cocTasun 64 roga (ot 28 go 100 net), npu aToM 61,4% 605bHBIX 6bINN
My>xckoro nona. Moutn y 90% nauneHToB 6binv guarHoctuposarsl onyxonu llI-1V ctaguin. Hanbonee pacnpoctpa-
HEHHOW nokanusauven nepBU4HON onyxonu 6bina HUXHAS anbeeona (52,1%). MiHBa3na B KOCTb Habnoganach y
69,8% naumeHToB, Uy 6,1% Kpas pe3eKLmm KOCTU Oblfiv NONOXMUTENbHbI; 9TU NauneHTbl UMenn HebnaronpuUsaTHbIN
MPOrHO3, 1 fie4eHne ux 6bino npobnematnyHbIM. [1ns Bcen koropTbl (n=311) cpegHee Bpems HabNoJeHNa CocTaBu-
no 32 mecsua (gnanasoH 11-87). MNatunetHue OB n CB coctaBunm 45,2% 1 63,9% COOTBETCTBEHHO. [1ATUNETHME
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BOJIP, BOPP 1 BOOP coctaBunu 71,3%, 83,5 1 83,3% COOTBETCTBEHHO. [auueHTbl ¢ pekoHCTpykumer CMJT 6binm
monoxe (p<0,001) n umenun MmeHbLLe conyTcTByOLWMX 3abonesanuii (p=0,031). Cpean naumeHTos ¢ CMJ1 Takxxe 6b111
60nee HU3KMIN NPOLLEHT OMyXOJ1eN CN3NCTON 060NOYKU LLIEKM MU PETPOMOSIIPHOMO TPEYrofbHMKA MO CPaBHEHUIO
¢ naumeHtamu 6e3 CMJT (14,4% npotue 34,9%; p<0,001). He 66110 BbisiBNEHO pasnuyunin no nony (p=0,187) nnm
ynotpebneHuto Tabaka v ankorons (p=0,773 n p=0,931). Paznununii B KNMHUYECKOW M NaTONIOrM4eckon cTagum
Mexay rpynnamu He Habntoganock (p=0,729 n p=0,543 cooTBeTCTBEHHO). [pn OLeHKe aagblOBAHTHOIO NEYEHNs B
rpynne 6e3 pekoHcTpykumun CMJ1 6bin 60nee BbICOKMIA MPOLEHT NauMeHTOB C CONYTCTBYOLWLMMY 3a60NEBAHNUAMM,
KOTOPbIM 6bI510 NPOTUBOMOKA3aHO aAbIOBAHTHOE JIe4EHNE, N0 CPABHEHMIO C FPYNMOV NaLMeHTOB C PEKOHCTPYKLMEN
CMI (39,5% npoTtuB 26,6%; p=0,050). MauneHTtsl ¢ CMJ1 umenun 5-netHioto OB 59,0% no cpaBHeHuto ¢ 34,8% y
nauveHToB 6e3 CMJ1 (OP=0,473. 95% W 0,358-0,623; p<0,001). 3TOT hakT ABHO [EMOHCTPUPYET OLLUMOKK OT-
60opa cpefmn nauMeHToB, KOTOPbIM NpoBoamnack pekoHcTpykuma CMJ1. 5-neThss CB B rpynne naunexTtos ¢ CMJ1
cocTaBuna 69,6% no cpaeHeHuto ¢ 58,0% B rpynne 6e3 CMJ1(OP=0,634, 95% [ 0,409-0,984; p=0,042). He 6bi10
HangeHo CyLLeCTBEHHbIX pa3nu4unii npu aHanuade BOJIP mexpay rpynnamu; 5-netHas BOJIP B rpynne nayneHTos ¢
CMI1 coctaBuna 74,2%, a B rpynne 6e3 CMJ1 -68,6% (OP=0,742, 95% O 0,462-1,189; p=0,215).

BbiBoA: cermeHTapHas MaHaMOynakTomus ¢ pekoHcTpykumen CMJT octaeTcs meTogoM Bbi6opa B NpaBuilbHO OTO-
6paHHon koropTe 60nbHbIX MPMP. B Hawwewn rpynne nad 2082 naumeHTos ¢ MNMPIP 15% HyXaanicb B cerMmeHTapHom
MaHOMOYNIKTOMUK, U MOYTM Y MONOBUHbBI M3 HUX Bblna BbiNosiHeHa pekoHCTpykuma CMJ1. B uenom, 6onee monogele
NauneHTbl C MEHbLUMM Y1CIOM COMYTCTBYHOLLMX 3a6051eBaHWI 1 C BOBIEYEHUEM B NPOLECC NepeaHero CBoOAA Unn Tena
HVDKHEN YenocTy ABAAIOTCS NYHLLMMM KaHanaaTamu ans pekoHcTpykumm CMJ1. 31o nogyepkmBaeT HE06X0QNMOCTb
TLIaTeNbHON NpefonepaLMoHHON OLEHKN 1 HanM4ms CTPOrux kputepnes otéopa. MNauneHTbl C MONOXUTENbHbIM
Kpaem pe3eKLmmn KOCTU MMEKT HebNaronpuATHbIN MPOrHO3, U NIeYeHMe Taknx 60S1bHbIX ABASAETCS CIOXKHOW 3afa4en.
Heobxonmmo paspabatbiBaTb HOBblE METOAbI MHTPAOMNePaLMOHHOM OLEHKM Kpasi pe3eKL MM KOCTU.

KnioyeBble cnoBa: poToBas NnosocTb; MIOCKOKNETO4HbIN pak; CerMeHTapHas MaHambynakToMus; CBOOOAHbIV
Mano6epLoBbI JIOCKYT; PEKOHCTPYKLMS
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Introduction

Recent reports in the literature show an improvement in survival
in patients with oral squamous cell carcinoma (OSCC) over previous
decades [1, 2]. In most instances this is attributed to an increase
in the number of patients presenting with early stage disease.
However, patients who present with advanced stage OSCC still
have a poor prognosis despite aggressive multimodal therapy. Some
studies have proposed that concurrent chemoradiotherapy (CRT) can
be offered as a treatment option, rather than surgery, for advanced
0SCC. Nonetheless, response rates for oral cancer are not as good
as seen in the larynx and oropharynx, and thus, surgical resection
remains the preferred treatment and standard of care for nearly all
patients with 0SCC [3-6].

Excision of a segment of the mandible is required in some patients
to achieve an oncologically complete resection. The indications for
segmental mandibulectomy are: (1) Gross invasion of the mandible,
(2) Tumor fixation to most of the lingual cortex of the mandible, especially
in the edentulous mandible, where a marginal mandibulectomy
is not feasible due to loss of vertical height of the mandible,
(3) Tumor fixed to the mandible following prior radiotherapy (RT)
to the mandible, (4) Massive soft tissue disease surrounding
the mandible, (5) Primary malignant tumors of the mandible,
(6) Metastatic tumor to the mandible, and (7) Invasion of the inferior
alveolar nerve by perineural spread from mucosal or skin cancers [7, 8].

Patients undergoing segmental mandibulectomy, particularly
of the anterior arch and the body of the mandible, will have
significant functional and aesthetic morbidity, and therefore,
reconstruction of the resected segment of the mandible becomes
an integral part of the surgical plan [9]. In the past three decades,
fibula free flap (FFF) has emerged as the preferred option for the
best functional and aesthetic outcomes for mandible reconstruction
[7,10]. This procedure is complex and requires significant expertise,
planning, and rehabilitative measures to achieve the best outcome.
Furthermore, the sequela and complications of the procedure are
not negligible. Patients who develop complications clearly have
increased morbidity, prolonged hospitalization and increased
cost of care [11,12]. Moreover, it has been reported that patients
with postoperative complications also have worse prognosis
[13]. This is often attributed to advanced stage disease requiring
bigger resections, in patients with poor nutrition and comorbid
conditions.

When segmental mandibulectomy is indicated, patients must be
thoroughly assessed preoperatively to decide if FFF is the optimal
choice for reconstruction and if the patient is a satisfactory candidate
to tolerate the procedure. Thus, patient selection is crucial to achieve
the best oncologic and functional outcomes.

The aim of this study is to describe the clinicopathological
characteristics and oncological outcomes of patients with 0SCC
who underwent a segmental mandibulectomy at our institution.
Additionally, we studied the differences between patients who had
FFF reconstruction and those who had either primary closure without
any reconstruction or other type of reconstruction in order to define
our selection criteria for FFF.
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Material and methods

After receiving approval from our Institutional Review Board,
a retrospective analysis was performed on 2082 consecutive patients
who had a biopsy-proven invasive squamous cell carcinoma of the
oral cavity treated with primary surgery between 1985 and 2015
at our institution. The exclusion criteria were prior history of non-
endocrine head and neck cancer, synchronous other mucosal head
and neck squamous cell carcinomas, previously treated patients
with oral carcinoma and distant metastasis at presentation. From
this database, we identified 311 patients (15%) who underwent
a segmental mandibulectomy, forming the study cohort.

We used the AJCC 7th edition of the TNM staging system for
preoperative clinical staging since depth of invasion was not routinely
recorded preoperatively for many patients during the early years
of this study period [14]. However, all the pathological material
was rereviewed and therefore for pathological staging, we used the
AJCC 8th edition criteria [15].

The outcomes of interest were overall survival (0S), disease-
specific survival (DSS) and local, regional, and distant recurrence-
free probability (LRFP, RRFP, DRFP). OS was calculated from the
date of surgery to the date of death or the last date the patient was
known to be alive. DSS was calculated from the date of surgery
to the date of death or the last assessment of the disease by
a member of our multidisciplinary disease management team
(DMT). We considered a death an event for DSS if the patient had
active disease at the time of last disease assessment. Finally, LRFP,
RRFP and DRFP were calculated from the date of surgery to the
date of the specific recurrence or last disease assessment. The
follow-up interval was considered between the date of primary
surgery to the date of last known follow-up with a member
of the DMT.

Moreover, we analyzed the type of reconstruction after segmental
mandibulectomy. During the study period (1985-2015), 454 patients
underwent FFF reconstruction after mandible resection for various
indications (Osteoradionecrosis, benign and malignant tumors
of different histology, reconstruction for primary surgery, for salvage
surgery or for second primaries). In this study, we only included FFF
reconstruction performed for primary surgery of an index oral cavity
SCC, previously un-treated, without metastasis at presentation and
without history of synchronous head and neck tumors.

In our study cohort of 311 patients who underwent segmental
mandibulectomy, patients were stratified according to type
of reconstruction into two different groups: reconstruction with FFF
(n=139, 44.7%) and those with other types of reconstruction (n=172,
55.3%). The latter included patients undergoing primary closure,
local or regional pedicled myocutaneous flaps and free flaps with
or without bone other than fibula.

To compare variables between groups we used Pearson’s
chi-squared test. Survival curves were calculated according
to the Kaplan—Meier method and differences in survival were
compared using the log-rank test. Unadjusted hazard ratios (HR)
were calculated using the Cox proportional hazard model. A P value
of less than 0.05 was considered statistically significant. All statistical
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analyses were conducted using SPSS (v25.0, IBM Corporation;
Somers, NY).

Results

Patient characteristics and oncological outcomes:

A total of 311 patients with OSCC (15%) underwent segmental
mandibulectomy during the study period. Clinical characteristics
of these patients are shown in Table 1. The mean age was 64 years
(range, 28-100), and 61.4% were men. History of tobacco and
alcohol consumption was reported by 73.0% and 78.1% patients
respectively. Comorbidities were recorded according to the
Washington University Head and Neck Comorbidity Index (WUHNCI),
with 31.5% of the patients having a WUHNCI equal or greater than
1 at the time of OSCC diagnosis [16]. The most common primary
tumor subsite was lower alveolus (52.1%). The majority of patients
(83.6%) had advanced clinical stage tumors (stage Ill-1V), according

to the 7th Edition of AJCC TNM classification [14]. Seventy-six
percent of patients had their primary tumor staged as T3-4. Clinically
palpable regional lymph nodes were present in 56.6% of patients
at diagnosis. Treatment of the neck consisted of, selective neck
dissection in 46.9% of patients, comprehensive neck dissection
sparing the accessory nerve in 42.1% of patients, and radical neck
dissection in 10.6% of patients.

Histopathologic characteristics are listed in Table 2. Depth
of invasion greater than 10mm was present in 56.9% of the cases.
Bone invasion was present in 69.8% of the patients, of which 30.4%
had cortical invasion, 59.9% had medullary invasion and 9.7% were
not specified. Vascular invasion was present in 17.4% of the cases
and perineural invasion in 31.8%. Positive pathological nodes were
found in 176 patients (56.6%). Extra-nodal extension was reported
in 30.9% of the cohort.

Assessment of surgical margins showed that 28.0% of patients
had negative, 51.8% had close, and 19.9% had positive margins.

Table 1. Clinical characteristics of patients undergoing segmental mandibulectomy (n=311)

Ta6nnya 1. KnuHu4ecKkne XapakTepucTHKU NaUNEHTOB, KOTOPbIM GblNa BbIMOJHEHA CETMEHTAPHAs MaHgnGynakTomus (n=311)

Number of patients (%)
Number of patients (%)
Age Bospact
Mean (SDa, Range) years Megnana (COa, gnana3oH), net 64.0 (13.4, 28.2-100.4)
< 60 years < 60 ner 129 (41.5)
= 60 years = 60 net 182 (58.5)
Sex Mon
Female XKeHckuit 120 (38.6)
Male Myxckoi 191 (61.4)
Tobacco Kypenune
Never Hukorga 82 (26.4)
Ever Paree 227 (73.0)
Not reported Orpuyaer 2 (0.6)
Alcohol Ynotpebnenue ankorons
Never Hukorga 66 (21.2)
Ever Panee 243 (78.1)
Not reported Orpuyaet 2 (0.6)
WUHNCIb [16]
0 213 (68.5)
=1 98 (31.5)
Subsite lMoanokannsayna
Buccal Mucosa Crmauctas 060/104Ka LLeKU 15 (4.8)
Floor of Mouth [Ho nonoctu pTa 50 (16.1)
Lower Alveolus HwxHss anbBeona 162 (52.1)
Retromolar Trigone PeTpomonsapHbiii TpeyronbHuK 65 (20.9)
Tongue S3biK 19 (6.1)
cTe stage (AJCCd 7™ edition) [14] cTc cragna (AJCCd 7" nepecmotp) [14]
Tx Tx 4 (1.3)
T1 T1 7(2.3)
T2 2 62 (19.9)
T3 T3 30 (9.6)
T4 T4 206 (66.3)
Not reported He yctaHoBgHo 2 (0.6%)
cNe stage (AJCC 7" edition) [14] cNe ctagus (AJCC 7" nepecmotp) [14]
NO NO 135 (43.4)
N1 N1 75 (24.1)
N2 N2 98 (31.5)
N3 N3 3(1.0)
cOverall' stage (AJC® 7" edition) [14] c06wasf cragua (AJCC 7 nepecmorp) [14]
Stage | Cragms | 6 (1.9)
Stage Il Cragnsa Il 39 (12.5)
Stage Il Cragusa Il 33 (10.6)
Stage IV Cragus IV 227 (73.0)
Not reported He yctaHoBneHo 6 (1.9)

a-SD: standard deviation; b-WUHNCI: Washington University Head and Neck Comorbidity Index; c-cT: clinical tumor; d-AJCC: American Joint Committee on

Cancer; e-cN: clinical nodal; f-cOverall: clinical overall.

a-SD: cranpaptHoe oTknoHenne; b-WUHNCI: Vikgekc komopbugHocTv BawumHrtoHckoro yHnsepenteta 010861 v LLlen; c-cT: KITMHUYECKnI pa3mep onyxonu;
d-AJCC: AmepukaHcknii 06beAnHEHHbI KOMUTET 10 paky; e-cN: KIuHu4eckoe cocTosiHne numagatndeckux y3nos, f-cO6Lyas: 06Lyas KMHNYeckas cTagns
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Moreover, soft tissue and bone margins were assessed separately.
Soft tissue margins were negative in 49.2% of the cases, close
in 28.6% and positive in 22.2%. When analyzing bone margins
for the entire cohort (n=311), 93.2% had negative, 0.6% had close
and 6.1% had positive bone margins. For patients with positive

Table 2. Histopathologic characteristics of patients undergoing segmental mandibulectomy (n=311)

bone margins (n=19), median age was 66 years (range, 30-90),
57.9% were females, and tumor subsite for the majority of patients
was lower alveolus (73.7%). The median surface dimension
of the primary tumor was 3.3cm (range, 1.5-7.2) and 89.5%
of the patients were clinically staged as T4.

Tabnnya 2. T'ncTonaTonorn4eckne XxapakTepucTHKU NayneHToB, MOABEPrIUNXCSA CErMEHTapHOH MaHan6ynakTommm (n=311)

Number of patients (%)
Number of patients (%)

Grade AnghcheperynpoBka
Well differentiated BbicokoangpepeHympoBarHas 49 (15.8)
Moderately differentiated YmeperHoanehheperymposaHHas 194 (62.4)
Poorly differentiated HuzkoangepeHympoBaHHas 62 (19.9)
Unknown HeunsBecTHo 6 (1.9)
Tumor depth of invasion Iny6una nHBasmmn
=5mm <5mm 23 (7.4)
5-10 mm 5-10 mm 63 (20.3)
>10 mm > 10 Mm 177 (56.9)
Unknown HeunssecTHo 48 (15.4)
Bone invasion WHBasnsa B KocTb
Absent Her 94 (30.2)
Present [a 217 (69.8)
Bone invasion depth (if bone invasion, n=217) Iny6uxa nHBasnn B KOCTb (Mpu Hanu4um, n=217)

Cortical KoptukanbHas 66 (30.4)
Medullary MepgynnspHas 130 (59.9)
Unknown HenzsecTHo 21 (9.7)

Vascular invasion CocyancTas nHBasna

Absent Her 193 (62.1)

Present Ha 54 (17.4)
Unknown HenzsecTHo 64 (20.6)

Perineural invasion lMepuHespanbHas nHBa3na

Absent Her 148 (47.6)

Present Ja 99 (31.8)
Unknown HenzsecTHo 64 (20.6)

Extra-nodal extension JKCTpaHofaNbHOE PacnpocTpaHeHne

Absent Her 194 (62.4)

Present Ha 96 (30.9)
Unknown HenzgectHo 21 (6.8)

Soft tissue margins Kpaii pe3ekymnn marknx TkaHei
Negative HeratusHbiii 153 (49.2)
Close brmsko 89 (28.6)
Positive TMosutuBHbIT 69 (22.2)
Bone margins Kpaii pe3exymnn Koctn

Negative HeratvsHblii 290 (93.2)

Close bnnsko 2 (0.6)

Positive [lo3uTnBHbI 19 (6.1)

pTe stage (AJCCh 8™ edition) [15] pTa cragus (AJCCh 8" nepecmorp) [15]

1l T1 9(2.9)
T2 2 45 (14.5)
T3 73 40 (12.9)
T4 T4 204 (65.6)

Unknown HenzsecTHo 13 (4.2)

pNe° stage (AJCC 8" edition) [15] pNe ctagus (AJCC 8" nepecmorp) [15]

NO/Nx NO/Nx 123 (39.5)
N1 N1 35 (11.3)
N2 N2 51 (16.4)
N3 N3 82 (26.4)

Unknown HenzsectHo 20 (6.4)

pOverall* stage (AJCC 8™ edition) [15] pO6wasd ctagus (AJCC 8" nepecmortp) [15]

Stage | Cragmsa | 5(1.6)

Stage Il Cragns Il 22 (7.1)

Stage Ill Cragms lll 20 (6.4)
Stage IV Cragns IV 249 (80.1)
Unknown He yctaHosneHo 15 (4.8)

Table 2, Continued

a-pT: pathological tumor; b-AJCC: American Joint Committee on Cancer; c-pN: pathological nodal; d-pOverall: pathological overall.

Tabnunuya 2, npoZomKeHne

a-pT: Mopghonornyeckn onpeseneHHas omnyxosb; b-AJCC: AmMepukaHckuii 06beANHEHHbIN KOMUTET 10 paky, ¢-pN: MOpgoa0rnyecku onpesencHHoe cocTosHNe
JmepaTnyeckux y3nos; g-p06iyas: 06was Mopeonornyeckas cTagns.
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For the entire cohort (n=311), pathologic staging according
to the 8th Edition of AJCC TNM classification showed that
the majority of patients had tumors with an advanced T stage (12.9%
T3 and 65.6% T4) [15]. In terms of nodal disease, 11.3% were staged
as N1, 16.4% as N2, and 26.4% as N3. Evaluating overall pathological
staging, 86.5% of the patients had advanced stage tumors (stage
l1I-1V). When analyzing adjuvant treatment, 55.6% had postoperative
RT and 10.6% had postoperative CRT. There were 23 patients who
did not receive adjuvant treatment even though it was indicated,
either because they refused treatment (n=5, 21.7%) or because
they were medically not fit or died within 3 months after surgery
(n=18, 78.3%).

Median follow-up time was 32 months (range, 11-87). Five-year
0S and DSS were 45.2% and 63.9%, respectively. Five-year LRFP,
RRFP, and DRFP were 71.3%, 83.5%, and 83.3%, respectively.

Patient characteristics and oncological outcomes according
to type of reconstruction:

We divided our cohort into two groups for analysis: one group
included patients with FFF (n=139) and the second group were
patients without FFF (n=172) reconstruction. The purpose of this
analysis was to define selection criteria for FFF reconstruction.

Of the 172 patients who did not have FFF reconstruction, 67 had
reconstruction with other free flaps. Ten of these free flaps were
with bone other than fibula and 57 had only soft tissue free flaps,
the majority of which were rectus abdominis (69.6%). Of the
remaining patients, 59 had primary closure and 34 had a regional
pedicled flap, with pectoralis major myocutaneous flap being
the most common. The 12 remaining patients had either a local
flap or a skin graft, and one patient had a custom stainless-steel
prosthesis specially manufactured for him based on preoperative
imaging.

The comparison of clinicopathologic characteristics between
the two groups is listed in Table 3. Patients with FFF reconstruction
were younger (p<0.001) and had less comorbidities (p=0.031).
Patients with FFF also had a lower percentage of tumors
in the buccal mucosa or retromolar trigone compared to patients
without FFF (14.4% vs 34.9%, p<0.001). There were no differences
in terms of sex (p=0.187) or tobacco and alcohol use (p=0.773
and p=0.931). No differences in clinical or pathological staging
between groups were observed (p=0.729 and p=0.543, respectively).

When evaluating adjuvant treatment, the group without FFF
reconstruction had a higher percentage of patients, with comorbid

Table 3. Comparison between patients with and without fibula free flap reconstruction
Tabnnya 3. CpaBHEHHe NaLUNEHTOB ¢ M 663 PEKOHCTPYKLMM CBOGOAHBIM Mano6epLoBbIM 10CKYTOM

No fibula free flap Fibula free flap
(n=172) (n=139) P
be3 ceo6ognoro mano- CBoGoaHbIii Manobep- value™*
6epyoBoro nockyra yoBbli Snavenne
(n=172) nockyr (n = 139) prx
Number of patients (%) Number of patients (%)
Yucno naynenros (%) Yucno naynenros (%)
Age Bospact
< 60 years < 60 ner 54 (31.4) 75 (54.0) <0.001
= 60 years = 60 net 118 (68.6) 64 (46.0)
Sex Mon
Female XeHcknii 72 (41.9) 48 (34.5) 0.187
Male Myxckoi 100 (58.1) 91 (65.5)
Tobacco Kypexne
Never Hukorga 44 (25.9) 38 (27.3) 0773
Ever PaHee 126 (74.1) 101 (72.7) ’
Orpuyaer
Alcohol Ynotpe6nenne anxkorons
Never Hukorpga 36 (21.2) 30 (21.6) 0.931
Ever PaHee 134 (78.8) 109 (78.4) ’
Orpuyaet
WUHNCI® [16] WUHNCIa [16]
0 0 109 (63.4) 104 (74.8) 0.031
=1 =1 63 (36.6) 35(25.2)
Subsite Mopnokanuzayns
BM/RMT® CLLyPMTb 60 (34.9) 20 (14.4) <0.001
Other WHoe 112 (65.1) 119 (85.6)
cOverall° stage (AJCCd 7" edition) [14] | cO6wasc cTagua (AJCCd 7" nepecmortp) [14]
Stage I-Il Cragus I-Il 26 (15.4) 19 (14.0) 0.729
Stage IlI-IV Cragws -1V 143 (84.6) 117 (86.0)
pOverall® stage (AJCC 8" edition) [15] | pO6wase cragua (AJCC 8" nepecmorp) [15]
Stage I-Il Cragus I-Il 13 (8.2) 14 (10.2) 0.543
Stage IlI-IV Cragusa -1V 146 (91.8) 123 (89.8)
Adjuvant therapy AnbHOBaHTHaA Tepanns
None Her 68 (39.5) 37 (26.6) 0.050
Radiotherapy Jly4eBas Tepanus 86 (50.0) 87 (62.6) ’
Chemoradiotherapy Xumnosny4esas Tepanus 18 (10.5) 15 (10.8)

a-WUHNCI: Washington University Head and Neck Comorbidity Index; b-BM/RMT: Buccal mucosa/Retromolar trigone; c-cOverall: clinical overall; d-AJCC:

American Joint Committee on Cancer; e-pOverall: pathological overall
*** Pearson’s chi-squared test

a-WUHNCI: VHgexc komopOuaHOCTH BalumHITOHCKOro yHuBepcuUTeTa rofossl v wweu; b-BM / RMT: cimanctas 060/104Ka LEKn / PETPOMOISPHBINA TPEYTObHUK,
c-c061yas: o6Lyas KnmHnyeckas cragus,; d-AJCC: AMepukaHckuii 06beANHEHHbINE KoMUTET 10 paky; e-p06Lyas: 0bLyas Mopeonornyeckas cragns

ok ke

Xu-KBagpar kputepuii [upcoxa
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conditions, who could not receive adjuvant treatment compared
to the group of patients with FFF reconstruction (39.5% vs 26.6%,
p=0.050). The main difference between the groups in terms of why
patients did not receive adjuvant treatment was a higher percentage
of patients not being fit to tolerate adjuvant treatment or dying
within 3 months after surgery in the group of patients without
FFF reconstruction (33.3% vs 23.8%, p=0.443), even though this
difference did not reach statistical significance.

Survival outcomes by type of reconstruction are shown in Figure
1. Patients with FFF had a 5-year OS of 59.0%, compared to 34.8%
in patients without FFF (HR: 0.473; 95% CI: 0.358-0.623, p<0.001).
This clearly shows the selection bias for patients who had FFF
reconstruction. The 5-year DSS in the group of patients with FFF
was 69.6%, compared to 58.0% in the group without FFF (HR: 0.634;
95% Cl: 0.409-0.984, p=0.042). No significant differences were
seen when LRFP was analyzed between groups; the 5-year LRFP
in the group of patients with FFF was 74.2%, and 68.6% in the group
without FFF (HR:0.742; 95% Cl: 0.462-1.189, p=0.215).

Discussion

Most patients with OSCC requiring segmental mandibulectomy
have advanced stage disease and overall poor prognosis. Segmental
mandibulectomy is a functionally and esthetically crippling
procedure, requiring consideration of reconstruction to restore form
and function. Although the best aesthetic and functional results are
achieved with FFF reconstruction with immediate placement of dental
implants for dental rehabilitation, patient selection for the operative
procedure is crucial to minimize postoperative morbidity, mortality
and complications. The ultimate goal is to achieve good long-term
tumor control and as good a functional and esthetic outcome as can
be achieved for the individual patient. Therefore, the purpose of this
study was to analyze the survival outcomes in this cohort of patients
undergoing segmental mandibulectomy, and to analyze our criteria
used for selection of patients for FFF reconstruction.

In our cohort of 311 patients undergoing segmental
mandibulectomy, despite aggressive multimodal therapy combining
surgery and adjuvant treatment, over half of the patients died during
the study period. The 5-year OS and DSS were 45.2% and 63.9%
respectively. As expected, a high percentage of our patients (86.5%)
had advanced stage tumors with aggressive features, including
56.9% of patients with depth of invasion greater than 10mm, 69.8%
of patients with bone invasion, 31.8% with perineural invasion
and 30.9% with extra-nodal extension of metastatic cancer.

An important factor that influences outcomes is positive
margins, and in this setting of mandible resection, management
of positive bone margins is especially challenging and requires some
discussion. A thorough preoperative imaging assessment is the first
step to minimize the risk of positive bone margins. If possible, bone
invasion should be evaluated using both a Computed Tomography
and a Magnetic Resonance Imaging scan. Intraoperative assessment
of bone marrow scraping from the cut end of the divided bone
and studying the smears histologically has been reported to minimize
the aforementioned risk by enabling immediate additional resection
if necessary [17]. A positive smear would require additional bone
resection, although negative smears do not rule out microscopic
positive bone margin. New intraoperative techniques are currently
being studied to be able to assess bone margins more accurately
[18]. Despite employing the technique of bone margin smears, we
did have a small percentage of patients (7%) with final positive

or close bone margins, similar to what has been reported by other
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authors [18,19]. We managed 13 of these patients (68.4%) with
adjuvant treatment. For the remaining patients, adjuvant treatment
was intended, but patients were not able to receive the adjuvant
treatment due to postoperative complications. None of these patients
were alive at two years following surgery.

When planning reconstruction after segmental mandibulectomy,
a carefully thought out selection process is needed to choose
the best approach for each individual patient. Even though FFF is

-
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considered to be the gold standard functionally and aesthetically, one
should consider patient, tumor and physician factors when deciding
whether the patient is a suitable candidate for reconstruction with
FFF.

In terms of patient factors, the best candidates for FFF are younger
patients without comorbidities because this is a complex procedure,
with prolonged duration of surgery and length of hospitalization,
and the risk of medical and surgical complications is not negligible.
The adverse impact of donor-site morbidity is also a consideration,
since patients with FFF reconstruction will not be able to ambulate
for a longer period of time. The higher percentage of younger patients
without comorbidities in our FFF group is a reflection of this selection
policy.

Amongst tumor factors, the primary tumor site is the main
factor driving the decision for bone reconstruction. Tumors
located posteriorly such as in the buccal mucosa or retromolar
trigone are often locally advanced necessitating a large soft tissue
resection in the masticator space or the infra temporal fossa, as well
as bone resection of the ascending ramus of the mandible. Moreover,
functional and aesthetic consequences of resecting the posterior
aspect and ascending ramus of the mandible are not as significant
as resecting the anterior arch or lateral body of the mandible.
Therefore, for tumors located posteriorly, FFF may not be necessarily
the ideal method of reconstruction. This selection decision
is reflected in our cohort where patients with tumors located
in the buccal mucosa or retromolar trigone had a lower probability
of being reconstructed with FFF. In contrast, for tumors requiring
anterior arch or lateral body mandible resections, FFF is the best option.

Lastly, physician factors are an important determinant
of the type of reconstruction. Surgeon preferences and expertise
in the various types of reconstruction procedures play an essential
role in the selection criteria. FFF requires a multidisciplinary team,
and it should be performed in tertiary care centers with the necessary
expertise, resources and infrastructure for successfully performing
the operative procedure and managing the postoperative course and
rehabilitation of the patient.

The aforementioned selection criteria for FFF also indirectly
influence oncological outcomes. We observed better survival
outcomes in the group of patients with FFF reconstruction, but
these differences are likely due to selection bias. FFF patients
were younger and with less comorbidities, and it is logical that
the presence of comorbidities in patients with head and neck cancer
has been associated with reduced OS [20]. Moreover, the group
of patients with FFF reconstruction had a lower percentage of
tumors located in the buccal mucosa and retromolar trigone, which
are high risk locations for adverse oncologic outcomes [21-23].
We have previously reported that patients with buccal mucosal
cancer had worse prognosis compared to other sites in the oral
cavity, mainly driven by a higher percentage of patients with an
older age and advanced stage [24]. Similar results were reported
by other authors [25].

Another factor which impacts outcome in these patients is
the addition of adjuvant radiation or chemoradiation. The group
without FFF reconstruction had a higher percentage of patients
who could not receive adjuvant treatment, which may have also
influenced the worse survival in this group. One of the reasons
for this is that a higher percentage of these patients were unfit
to tolerate adjuvant treatment, and a higher percentage died before
receiving the treatment when compared to the group of patients
with FFF reconstruction. Despite this, the rates of LRFP were not
significantly different between the two groups.

Our results provide validation of our selection process
and management policy used to choose the type of reconstruction
after segmental mandibulectomy in OSCC and reinforce the fact
that when comparing oncological outcomes for a particular type
of treatment, it is important to consider all the differences resulting
from selection bias.

Conclusion

Segmental mandibulectomy with FFF reconstruction remains
the treatment of choice in properly selected patients with OSCC.
In general, younger patients with less comorbidities and with anterior
arch or body of the mandible involvement are the best candidates
for FFF reconstruction. This underscores the need for a thorough
preoperative assessment and stringent selection criteria. Patients
with positive bone margins have a poor prognosis and management
is challenging. New techniques that better assess bone margins
intraoperatively need to be studied.
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PeueH3us Ha cTaTbH

CTaTbst HOCUT OPUTMHANBHBIA XapaKTep, COAEPXKUT CBEAEHNS 06 MCCNe[0BAHINN NOKA3aHWIA ANS XMPYPriA4ECKOro NeYeHus paka Cln3ncTon
0060n04K1 nonocTn pra. GCTaTucTUYeckKoii 6a30ii nccnenoBaHns SBNSAETCA 06LUMPHBIA KNuHU4Yecknii matepuan 6onee 300 HabnoaeHuin. PaboTa
PACKPbIBAET BAXHEIALLIME NPeANKTOPbI MPUHATAS PELLEHUS MO BbINMOHEHMIO CErMEHTAPHON PE3EKLNN HKHEN YeNHOCTH, KOTOPbIE AOMKHbI
6bITb UCMOJIb30BaHbI B AaNIbHENMLLIEA PEKOHCTPYKLNN YTPAYeHHOro oparMmeHTa KocTu.

Hapo no6naroaapntb aBTOPOB 3a CEpbe3HOE UCCNefoBaHmMe. PekoMeHayeM K nybnukaumm B padaene «OpurnHanbHoe».

Review on the article

The article is original in nature, contains information about the study of indications for the surgical treatment of cancer of the oral mucosa,
and the statistical base of the study is an extensive clinical material of more than 300 observations. The work reveals the most important
predictors of decision-making on the implementation of segmental resection of the lower jaw, which should be used in further reconstruction
of the lost bone fragment.

We must thank the authors for such a serious study. The article is recommended for publication in the Original section.
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