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Abstract

Background—The purpose of this study was to report the clinical outcomes and related
prognostic factors of patients who underwent radiotherapy (RT) for the treatment of recurrent,
never-irradiated oral cavity cancer (recurrent OCC).

Methods—The records of consecutive patients with nonmetastatic recurrent OCC who presented
to and were treated with RT at our institution between 1989 and 2011 were reviewed. The Kaplan—
Meier method was used to calculate overall survival (OS). The cumulative incidences of disease-
specific death, local failure, regional failure, and distant metastasis were calculated with death as a
competing risk.

Results—One hundred twenty-three patients were identified. Median follow-up for living
patients was 54 months and 16 months for all patients. Ninety-one patients had salvage surgery
followed by adjuvant RT. Definitive RT was utilized in the remaining 32 patients. The 5-year OS
was 40%. The 5-year cumulative incidence of disease-specific death, local failure, regional failure,
and distant metastasis was 55%, 34%, 22%, and 20%, respectively. Recurrent T classification and
lack of salvage surgery were independently associated with worse disease-specific death and
decreased OS, respectively. Subset analysis of patients who underwent salvage surgery
demonstrated that age, recurrent T classification, and perineural invasion (PNI) were
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independently associated with decreased OS; recurrent T classification and thicker tumors were
independently associated with worse disease-specific death; and positive/close margins and
primary T classification were independently associated with increased local failure.

Conclusion—In this group of patients with recurrent OCC, clinical outcomes were similar or
improved when compared with other recurrent OCC-specific reports. In the salvage surgery
subset, tumor thickness and PNI are recurrent pathologic features associated with outcomes that
were only previously demonstrated in studies of primary disease. Because of the relatively worse
outcomes in patients receiving definitive or adjuvant RT for recurrent OCC, we advocate for the
appropriate use of postoperative RT in the initial management of oral cavity cancers.

oral cavity; recurrent; radiotherapy; surgery; clinical outcomes

INTRODUCTION

It is estimated that, in the United States, 26,740 people will be diagnosed with and 5520
people will die of oral cavity cancer (OCC).} Compared with other head and neck subsites,
the 5-year locoregional recurrence rates in OCC are substantially greater and reported to be
as high as 50%.24

Treatment of recurrent OCC is typically managed by salvage surgery with adjuvant
radiotherapy (RT) and/or chemotherapy. When a surgical approach is not possible, definitive
RT with or without chemotherapy is the preferred option.® Treatment failure after salvage
therapy is high, with the greatest disease-free survival rates occurring in patients amenable
to salvage surgery.>6 Because of the high risk of future recurrence and the generally more
advanced presentation of disease, RT has been used extensively as adjuvant therapy or
definitively for patients with unresectable tumors or inability to tolerate salvage surgery.

There are limited reports examining the role of RT in the management of recurrent OCC.5.
RT treatment outcomes and prognostic factors for recurrent disease in this particular subsite
are relatively understudied and were the purpose of this study. We sought to report the
results of RT in patients with recurrent OCC with respect to overall survival (OS), disease-
specific death, and rates of local, regional, and distant metastatic failure. We also examined
various factors that may be associated with the aforementioned clinical outcomes, such as
disease stage, surgical margin status, tumor thickness, perineural invasion (PNI),
extracapsular extension (ECE), and lymphovascular invasion (LVI), among several others.

MATERIALS AND METHODS

After obtaining a waiver of documentation of consent and approval from our institutional
review board, we retrospectively reviewed the records of 123 consecutive patients who
presented to our institution between December 1989 and April 2011 with a histologically
proven diagnosis of recurrent nonmetastatic oral cavity squamous cell carcinoma and were
subsequently referred to the Department of Radiation Oncology for RT and had never
received radiation for the management of their disease.

Head Neck. Author manuscript; available in PMC 2016 August 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Lok et al.

Page 3

Recurrent OCCs were defined as any local or regional recurrence of disease after primary
definitive surgery. Nineteen patients (15%) presented with recurrent disease greater than 5
years from their original diagnosis. At presentation, a complete history and physical,
laryngoscopic examination, and imaging studies (eg, chest X-ray, CT, and/or positron
emission tomography) were performed. Pathologic specimens were reviewed for each
patient at our center to confirm the diagnosis.

The management of recurrent OCC was determined in a multidisciplinary discussion among
surgical, medical, and radiation oncologists. Our institutional policy is to treat recurrent
OCC surgically when possible. For patients who underwent salvage surgery for their
recurrent disease before RT, at the time of microscopic examination of the excision
specimens, surgical margins were defined as positive if tumor cells were extending to the
margin and close when a tumor was visualized <1 mm from any surgical margin.

Adjuvant RT was generally given for patients who received no prior RT. Besides presenting
with recurrent disease, additional indications for postoperative radiation were the presence
of high-risk features, including T3 to T4 classification, positive or close surgical margins,
PNI, lymphovascular invasion, ECE, or nodal involvement. Definitive RT was used for
salvage for patients who refused surgical salvage, presented with tumors considered
surgically unresectable, or were unfit for general anesthesia.

RT details regarding target delineation, dose specifications, and guidelines used at our center
have been previously described in detail for both conventional RT8 and intensity-modulated
radiation therapy (IMRT) approaches.? In brief, the median prescription dose delivered to
the postoperative bed was 63 Gray (Gy) for postoperative patients and 70 Gy for definitively
treated patients. For IMRT patients, treatment fields encompassed areas of gross disease
with the planning target volume including a 0.3- to 0.5-cm margin around the gross tumor
volume. The high-risk clinical target volume included the preoperative gross disease and the
postoperative tumor bed at the primary site, along with any nodal regions with disease
involvement. The planning target volume margin for high-risk clinical target volume was
generally 0.5 cm.

Chemotherapy was given to patients who were at high risk of distant metastatic failure at the
discretion of the treatment team. In general, chemotherapy was delivered for patients with
positive surgical margins, pathologic evidence of ECE or substantial nodal disease, LVI, and
PNI.9

Acute and late toxicities were graded using the Common Terminology Criteria for Adverse
Events 3.0 at each patient encounter during treatment and at each follow-up visit.

Endpoints and statistical analysis

All endpoints were calculated from the initiation of RT. OS was estimated using the Kaplan—
Meier method and was compared in univariate analysis using the log-rank test for discrete
variables or Cox proportional hazards regression model for continuous variables. Stepwise
selection was then used to construct multivariate Cox models. The cumulative incidences of
disease-specific death, local failure, regional failure, and distant metastasis were calculated
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with death without event as a competing risk. univariate analysis of these outcomes was
performed using Gray’s nonparametrical or parametrical competing risks (the latter for
continuous variables) and stepwise multivariate parametrical competing risks method. In
addition, for variables >2 categories, post hoc comparisons were conducted if the global test
was significant on univariate analysis. The Benjamini and Hochberg False Discovery Rate
controlling procedure was used to correct for multiple testing and reported as adjusted p
values.10 Factors with adjusted p values of <.1 on univariate analysis were considered
candidates for the multivariate analysis. A subset analysis of patients who underwent salvage
surgery was performed to determine the association of recurrent histologic features with
patient outcomes. The SAS 9.2 (SAS Institute, Cary, NC) and R 2.9.2 software packages
were used for statistical analysis.

Patient and tumor characteristics are summarized in Tables 1 and 2. The median follow-up
among survivors was 54.8 months and for all patients was 16.33 months (range, 3.2-260.9
months). One hundred one patients (81%) presented with recurrent American Joint
Committee on Cancer (AJCC) stage Il or nonmetastatic stage IV disease.

Initial treatment

At presentation of primary disease, all patients underwent surgical resection without
adjuvant RT (Table 2). Primary surgery entailed local resection only in 67 patients (54%)
and in combination with neck dissection in an additional 56 patients (46%). The dates of
primary surgery ranged from September 1975 to July 2010 with the vast majority of patients
(120; 97%) undergoing primary surgery after 1985 when CT was available for regional
staging by radiologic imaging. Sixty-six patients (53%) underwent initial surgical treatment
at outside hospitals, with the remaining 46 patients (47%) being treated initially at our
institution. One hundred thirteen patients (91%) were pathologically or clinically node
negative at the time of first presentation (Table 2).

Recurrent treatment

Surgery—The surgical management of patients presenting with recurrent disease is
summarized in Table 2. Ninety-one patients (73%) underwent salvage surgery, 6 patients
(5%) had local resection only, 46 patients (37%) underwent local and regional surgical
management, and 39 patients (31%) had neck salvage alone. All 91 patients received
surgical management of their recurrent disease at our institution. Pathology reports identified
9 patients (10%) with positive margins and 19 patients (21%) with close surgical margins
(<1 mm) after salvage surgery.

Radiotherapy—All patients were radiation naive at the site(s) of recurrent disease and
received RT for their recurrent disease at our institution. In patients treated by definitive RT,
the median dose delivered was 70 Gy (range, 42.4-74 Gy). Eighty-four percent of patients
received =64 Gy. The median dose in the postoperative setting was 63 Gy (range, 46—70.2
Gy). Seventy-seven percent of patients received between 60 and 63 Gy. Radiation was
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delivered by IMRT to 55 patients (44%) with the remaining 69 patients (56%) receiving
radiation through conventional RT methods.

Chemotherapy—Fifty-five patients (45%) received chemotherapy as part of their
treatment of recurrent disease (Table 2), of which all were concurrent with RT. Cisplatin
alone was the most common systemic agent of choice (34 patients; 62%), with a moderate
number of patients receiving cetuximab alone (12 patients; 22%). The remaining 9 patients
(16%) undergoing chemotherapy typically received carboplatin-based regimens (5 patients;
9%).

Recurrence and survival after treatment of recurrent disease

Please see Tables 3 and 4 for all prognostic factors analyzed in all patients as well as Tables
5 and 6 for all factors analyzed in patients who underwent salvage surgery.

Overall survival—The 5-year OS was 40% (95% confidence interval [C1]=30% to 49%)
and 47% (95% CI1=36% to 58%) for all patients and salvage surgery subset, respectively
(Figures 1 and 2). For all patients, univariate analysis and post hoc pairwise comparison
revealed that higher recurrent T classification, positive/close surgical margins, or not
undergoing salvage surgery were significantly associated with worse OS (Table 3). Lack of
salvage surgery (vs negative margin) remained the independent factor associated with worse
OS on multivariate analysis (Table 4).

In patients who underwent salvage surgery, higher recurrent T classification, positive/close
margin status, PNI, and thicker tumors were significantly associated with decreased OS on
univariate analysis (Table 5). However, in the multivariate analysis model, older age,
recurrent T classification, and PNI were found to be independently associated with worse
OS (Table 6).

Disease-specific death—The 5-year disease-specific death was 55% (95% C1=45% to
64%; Figure 3) for all patients and 47% (95% CI=36% to 58%; Figure 4) in salvage surgery
patients. Univariate analysis demonstrated that higher recurrent T classification and not
undergoing salvage surgery (vs negative margins) were significantly associated with worse
disease-specific death in all patients (Table 3). Higher recurrent T classification remained an
independent factor associated with worse disease-specific death on multivariate analysis
(Table 4).

In the salvage surgery subset, a trend toward worse disease-specific death was seen with
higher recurrent T classification (p=.091) and greater tumor thickness (p=.57). These 2
factors were found to be independently associated with worse disease-specific death after
multivariate analysis.

Local failure—The 5-year cumulative incidence of local failure was 34% (95% C1=26% to
43%; Supplemental Figure 1, online only) for all patients and 31% (95% CI=21% to 41%;
Supplemental Figure 2, online only) in the surgical subset. Local failure occurred in 41
patients. From the start of RT, the median time to recurrence for these patients was 6.9
months (range, 2.2-87.8 months). Of patients with local failure, the tumor subsite was oral
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tongue in 23 (56%), gingiva in 4 (10%), with the remaining subsites of hard palate, buccal
mucosa, lip, floor of mouth in 3 independent patients each (7%). Twenty-six patients (76%)
received postoperative RT, whereas 15 patients (37%) underwent definitive RT. Twenty-eight
patients (44%) had presented with recurrent AJCC stage IVA or IVB disease.

In all patients, univariate competing risks analysis revealed that higher recurrent T
classification, positive/close surgical margins, or not undergoing salvage surgery, were
associated with increased rates of local failure (Table 3).

In patients who underwent salvage surgery, univariate analysis demonstrated recurrent T
classification, positive/close margins, and primary T classification were associated with
increased local failure (Table 5). After multivariate analysis, positive/close margins and
initial T classification remained independently associated with greater local failure rates
(Table 6).

Regional failure—The 5-year cumulative incidence of regional failure was 22% (95%
Cl=14% to 29%; Supplemental Figure 3, online only) for all patients and 22% (95%
Cl=13% to 31%; Supplemental Figure 4, online only) for the salvage surgery subset.
Regional failure occurred in 26 patients. The median time to recurrence for them was 5.5
months from the initiation of RT (range, 0.6-75.8 months). The primary tumor was located
in the oral tongue in 14 patients (56%), gingiva in 4 patients (16%), hard palate in 3 patients
(12%), floor of mouth in 3 patients (12%), and buccal mucosa in 1 patient (4%). Twenty
patients (80%) received postoperative adjuvant RT and the remaining 5 patients (20%) were
treated definitively. Nineteen patients (76%) had presented with recurrent AJCC stage IVA
or IVVB disease. After multiple testing correction, no covariates were significantly associated
with regional failure in all patients or the surgical subset (Tables 3 and 5).

Distant metastasis—The 5-year cumulative incidence of distant metastasis was 20%
(95% Cl1=13% to 28%; Supplemental Figure 5, online only) in all patients and 20% (95%
Cl=11% to 28%; Supplemental Figure 6, online only) for patients who underwent salvage
surgery. Twenty-seven patients had at least one distant metastasis during the follow-up
period. The median time to distant recurrence for these patients was 7.2 months (range,
0.07-96.8 months). The most common site of distant metastasis was the lung (77 = 16)
followed by bone (/7= 4). Twenty-one patients (79%) had presented with recurrent AJCC
stage IVA or 1VB disease.

After multiple testing correction, although there was a trend of lymphovascular invasion
being associated with worse distant metastasis rates in the salvage surgery subset (p=.094),
ultimately, no covariates were found to be significantly associated with distant metastasis for
all patients or for those who underwent salvage surgery (Tables 3 and 5).

Toxicity—RT was generally well tolerated. Supplemental Table 1, online only, summarizes
grade 3 or higher acute radiation-associated toxicity and Supplemental Table 2, online only,
displays the prevalence of acute toxicity. Grade 3 or higher mucositis, dermatitis, and
dysphagia were experienced by 38%, 17%, and 12% of patients, respectively. Supplemental
Table 3, online only, lists the prevalence of chronic radiation-associated toxicity.

Head Neck. Author manuscript; available in PMC 2016 August 04.
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DISCUSSION

Recurrent OCC remains a difficult to treat disease irrespective of therapeutic approach. This
study demonstrates that surgery with postoperative RT or RT alone can be used for
successful salvage of some patients with recurrent oral cavity squamous cell carcinoma.
However, rates of survival and disease control are generally inferior to those seen with
patients treated initially with surgery and adjuvant RT,38:11 particularly when compared to
contemporary series,*12 although with shorter follow-up, Gomez et al* and Sher et al'2
reported rates of 2-year OS that are substantially greater (63% to 75%) than this present
study (46% to 55%).

The current study reveals several novel and previously unreported prognostic factors in
recurrent OCCs. These include the association of PNI and age with OS, tumor thickness, and
disease-specific death, and primary T classification with local failure. Although these
pathologic associations have been demonstrated in studies of primary OCCs,313-17 no
previously published reports have established these findings in recurrent OCCs. Rather, what
has been previously reported,>~7:18:19 as we also find in the present study, is that patients
with recurrent disease who undergo salvage surgery or have lower-stage disease have
improved outcomes.

Please see Table 7 for a summary of contemporary patient series reporting on treatment of
recurrent OCCs.5~7:18.19 Of the limited studies that report specifically on recurrent OCC,
Schwartz et al'®reported a 4-year survival rate of 25% in a study of 38 patients. Of these
patients, 27 underwent surgical salvage alone and achieved an approximately 4-year OS rate
of 35%. The authors found that the stage of primary tumor, but not recurrent tumor, was
predictive of OS (p <.005). Similar to the present study, patients who underwent salvage
surgery were found to have significantly improved recurrent survival time (p <.002), when
compared to salvage by RT and/or chemotherapy alone. This is understandable as patients
who were not able to undergo salvage surgery at the time of recurrence likely had
unresectable and more advanced disease. Other studies examined recurrent head and neck
cancers with OCC as a substantial subset. Wong et al® reported a 5-year OS rate of 26% in
102 patients with recurrent head and neck cancer after surgical salvage, of which 32% had
OCC and 30% received postoperative RT.

In an RT specific study, Studer et al” reported a series of 44 patients with recurrent head and
neck cancer treated with salvage IMRT with a 2-year disease-specific survival and local
failure rate of 59% and 44%, respectively. Twenty-nine patients (66%) had OCC, with 59%
of all study patients undergoing salvage surgery before receiving RT. The authors did not
find any significant associated factors, only a trend toward significance for disease-specific
survival (o =.1) in a “high-risk” cohort that combined patients with residual gross tumor,
high-grade, or high tumor stage.

Our study had several limitations, including its retrospective nature and some unrecorded
pathological data. However, this study confirms the importance of salvage surgery, if
possible, and the necessity of optimal surgical margins to maximize clinical outcomes even
when incorporating RT. Furthermore, thicker recurrent tumors and higher recurrent T
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classification demonstrated prognostic utility in relation to disease-specific death, whereas
older age, higher recurrent T classification, and PNI were independently associated with
decreased survival. Patients with these risk factors should be considered for multimodal
adjuvant therapies as tolerated. One interesting result was the association of primary T
classification with local failure after treatment for the recurrent disease. A possible
explanation may be that advanced-T-classification tumors at initiation presentation have a
greater burden of microscopic disease beyond the resection edge that increases local failure
rates even after treatment for recurrent disease. These aforementioned factors should be
examined in future studies of recurrent disease.

In conclusion, in this group of patients with recurrent oral cavity squamous cell carcinoma,
RT was well tolerated and salvage surgery improved patient outcomes. Clinical outcomes
were equivalent or improved when compared to similar studies (Table 7) of recurrent
disease.>":19 Because of the difficulty of treating recurrent OCC, future studies should be
directed toward additional risk stratification in traditionally defined low/intermediate risk
patients who may benefit from adjuvant RT to optimize outcomes at the initial presentation
of OCC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Kaplan—Meier estimate of overall survival for all patients. RT, radiotherapy.
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Kaplan—Meier estimate of overall survival for patients who underwent salvage surgery. RT,
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FIGURE 3.
Cumulative incidence of disease-specific death for all patients. RT, radiotherapy.
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TABLE 1

Patient characteristics and primary disease subsite.

Characteristic

No. of patients (%)*

Median age (range), y
Sex
Male
Female
Race
White
Black
Other
Subsite of primary disease
Oral tongue
Gingiva
Floor of mouth
Buccal mucosa
Lip
Hard palate

Retromolar trigone

60 (17-93)

77 (62)
46 (37)

101 (82)
8(7)
14 (11)

65 (53)
18 (15)
17 (14)
11.(9)
6 (5)
4(3)
2(2

*
Except as otherwise stated.

Head Neck. Author manuscript; available in PMC 2016 August 04.

Page 14



Page 15

Lok et al.

Author Manuscript

00T €¢T

(08'2-01°0>) 55°0
T T
0 0
9 44
9 48
0z &2

99 ¢8
T T

™ 1 O
<t © o

6 €11

™M N O <
<t N O w1

L9 €8
0 0

S¢
8¢

[44
6T

T€
97
144

6T
0

6T
T€
€T
6T

o ™M ©O© I~

0T

T

© o ©o©

9

00T 16 vL. 16

(5'9-800) 520

0 0 0 0
T T L 6
09 §S ¢S ¥9
€¢ T¢ € 8¢
8 L 0T €1
8 L 8 0T
0 0 0 0
0 0 0 0
0 0 ¢ €
95 1§ 05 19
€¢ T¢ v 9
114 6T lc €€
0 0 T 1
0 0 s 9
6 8 9 8
€ € L 6
ST T 6T ¥¢
0€ Le G¢ 1€
1374 6¢ 9€ G

SOA
A1abing

Spoylaw juswiyesl

(abues) wo ‘ssauxaIyl JowN] UeIPalN

N Jo umouxun
anl
VAI

1]

Il

I

0
. 30e1s 001V

4N 10 umouxun

EN

2N

N

ON
uonedlyIsse|d N

HN 10 umouxun

avl

eyl

€L

zL

TLIOSIL

0L

0%  sjuained Jo ON

%

sjuaired Jo ‘oN

% swuaied Jo ON 9%  sjusned Jo 'oN

sjusied aAniuyeqg

syuaired aniresadolsod sjuaned ||V

aseasIp Arewiid

9SeasIP Jua1aNdsy

uoresiIsse[o |

¢ 31avl

Author Manuscript

"Spoy1aLWL JuswIeal) pue abels asessiq

Author Manuscript

Author Manuscript

Head Neck. Author manuscript; available in PMC 2016 August 04.



Page 16

Lok et al.

"SUOIIeUIQUI0D paseq-uneydsid Z ‘suawifal paseg-une|dogues sl

§

‘uotresado [ea1Bins umouyUN Ue JusmIBpuUN oym Juaired T sapnjou|

'+

‘Adeiay) Juean(pe Bulitagep Joy uoseal oi410ads e
3UIWIASP 0} UOITBIUSWINDIOP JUBIdINSUI pey € Bulurewsas ayy pue ‘Adelay) Jueanipe pauljosp z ‘1 JO UOIeIUI 810J3q PaJ1INdal aseasip ayl Ing 1y obapun 0} papusiul pey € ‘(BIWBUE JUOJUE aSeasIp d11auah
BAIISUBSOIPRI By} pey T pue aAIrefau 9pouU a1aMm € YdIYM JO) UOIIeAIaSqO ofJapun 0} pasiApe alam / ‘uoneiuasaid [eniul ye aseasip pasueape yum syuaired gT ay) Joy Adesay) Jueanlpe jo xoe| Buipiebsy

g

"(abe1s Al-1J 01 PaLIBAU0D NN LI ‘B3) 99Ua1INJ3l JO BWI) U} 18 3SeasIP JO uoneIuasald J0) sem abels DIV 'aseasip JUalindal 104
P

*31qeat|dde Jou “v/N ‘Adesayioipes payejnpow-Aususiul ‘1 HIAI Adesayiolpel 1y ‘UoRISSSIP Yoau ‘N ‘182ueD U0 S8JILILIOD JUIOL UBdLIBWY ‘DOCY ‘Pariodal 10U ‘YN :SUOIBIASIGOY

0 0 6T 9 43 € L &6 uoIRUIqUIO 10 JBYIO

0 0 €T ¥ 8 8 0T 2t Ajuo gewixmad

0 0 1€ 0T 9 ve 8¢ ¥t Ajuo unedsio

00T ¢l 8¢ 4" 29 99 S5 89 SUON
Adesaylowsayd

66 €T 0 0 0 0 0 0 SUON

0 0 1€ 0T 67 14 Sy 9§ 1HNI

0 0 69 [44 19 o SS9 89 1Y [euonusAuod

14

0 0 00T ¢ 0 0 9¢ ¢ ON

ti% 99 VIN 19 o LE 9V dN Pue uonossal [e307]

0 0 VIN 1514 6€ € 6E Ajuo uonosssip 398N

v 49 VIN L 9 S 9 AJuo uo1393s31 [€207]

%  Sjuaned jo oN %  SuanedjoON 9% sjuaned Jo 'ON 9%  Sjuaned jJo 'ON uoIyeslIsseld |

swuaired anuaQ

sjuaired aAnjedadolsod

sjuanred ||

aseasip Arewiad

9SeasIP JUs1inigy

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2016 August 04.

Head Neck. Author manuscript



Page 17

Lok et al.

'$1030B) JURDIHIUBIS 10} SB|qRLIEA PapIS-1YBLI LBy} SeYel 84n|1ey/y1eap JaMO] J0 [eAIAINS PBSeaIdul Pey S3|qeLIBA PapIS-1a] [[e ‘UNjod ainu c_qN

'(00€—682:/5:S66T & 905 1s1e1s &  -Bunsay sjdnjnw o3 yoeoidde [npiamod pue eanoeld e :ajey A1aA02s1Q as|eq
ay1 Buijjonuo) ‘A BinqyaooH ‘A tutweluag) ainpadoid Buijjosiuod aley A1anodsiq asjeq BlaqyooH pue luiweluag Buisn anjea d paisnipe Bunssy ajdijnA U0y pjog Ui aJe ssa| 1o GO* Jo sanjead paisnipy
¥

‘Adesayiolpes 1y ‘18oueD U0 33RIIWIOYD JUIOL UBDLIBWY ‘DDCY ‘anjead paisnipe “lpy ‘anjead paisnipeun ““[peun ‘eAIAINS |[RJ8A0 ‘SO SUONRIABIGQY

96'0 L8 0S8’ 0¢ 6T 1T 0g A 1c Al-11 A | 36e)s OO0V (e
€-TN SAON

96'0 L8 0c 1900 S¢ 0c  vs 6y LT 0c ‘uoneayisseld N eniuj
y=¢LSAT-0L

960 a9 9 [N 950" 80 ve0r 9¢ ET ‘UoIedlISSE[O L [e1iul
66°0 66’ 66’ 66 08 08 L& ve LT 0c anfBuoy e sA Jay1o ‘axsans

aseasip Alewlid

OW ZT< SA OW ZTS
‘aseas|p Jua1INJal
10} 1 ¥ JO Jess 0} Jowny

960 89’ 98’ 85 65 €5 ¥§ e 88’ 88" Asewnd yo sisoufeip woiy swil
A1abins ou sA asoja/aninsod
960 09 66 16" SPO 6800° GS00° T100° 9000 T000™> SA an1zeBau ‘snyels ulbie
€T°0 €10 0c¢ 180" TT €e0” L€ 9¢ <C 680" Al SA 111-1 86e1s OOrY JuauInosy
TN=Z SA ON
850 LT 66 8 6T €T° 8% 88" €% v, ‘UOITeIISSE|I N JUBLINJSY
V—C¢LSAT-0L
850 LT LT LT0°  S¥O° /900" €00° €000° G000 T000> ‘UOIROIHISSE|D | JUS1INdaY
9.0 0e 98 09 6T S60°  OF ST 8T 50 4 69% 51 g9> ‘abv
onjend  onpead  onpead enjead  snjead  onead  enpead  enjead  2NEAD  gnpead 9SBISIP JUaINISY
Tpv fpeun oy ‘fpeun  lpv fpeun  fpv ‘fpeun  fpv ‘fpeun
siselselaw Juelsiq  aanjrey [euoifay ain|iey [eoo] yesp so

o13199ds-8seasiq

"Sjuaired ||e J0J [041U0D 3SeaSIP puUe [eAIAINS UO S10198) dnsouboud Jo 10edwi ‘SisAjeue ajelieAIUN

€31avl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Head Neck. Author manuscript; available in PMC 2016 August 04.



Page 18

Lok et al.

Author Manuscript

‘|opow aleLIBAINW 3SIMAa]S B J0) SeIepIpURd PaISPISU0D 81aM T > anfeAd paisnipe ajelieAlun 8SOUM S1010B- JUO) P|O] Ul aJe SS3] 10 GO° JO sanjend
*

‘|eAJBIUI BDUBPIUOD ‘|D ‘011ed pJezey “YH ‘[BAIAINS [[BI9N0 ‘SO :SUOIRINBIGAY

10000>  (09°9-202) 02°€ ve £1abuns oN
100 (S2e-66'0)GL'T 8z 850]9/ANISOd
00T 89 aniebaN
snels uibrey
100 (ere-9TT) 66T Ly vzl
00'T LL 7-01
UOIIBD1JISSe|O | JUB1INJaYy
anerd  (1096s6) uH PPN (1006g6) 4H  suanEd Jo “ON 95easIP JUALIN0BY
yreap ou10ads-asessiq [Ne)

"Sjuaired ||e JoJ [041U0D 3SBSSIP puR [RAIAINS UO S1019B) dnsouboud Jo 10edwi ‘sisAjeue ajelieAnNA

¥ 31avL

Author Manuscript Author Manuscript Author Manuscript

Head Neck. Author manuscript; available in PMC 2016 August 04.



Page 19

Lok et al.

6’ €6 18 Ge' €50 S0 0z T & 82 Al-II'SA | 8Beis ODrV [eniu
JE-TN SA

WN VN WN VN WN N N WN WN WN ON UOITEDIISSE N [eniu]
y=ZLSAT-0L

19 % 96 65 60 6500 v 050" 8¢ 6T’ uoneaIsse|d | [eniu
anbuoy
[eJo SA Jay10 ‘a)sqns

6" 06" 96 €5 og 98’ 9’ vl T8 IR aseasip Arewtid
ow gr<
SA OW ZTS ‘aseasIp
Jualindal 10} 1Y JO
Jess 0y Jowny Arewrd

65" 0 00T 00T 09 ety 9% 8 €L g9’ 4o sisoubeip wouy swi L
%W_Z SA WIJ G/°0<
SA WD G/'0>

99’ A Ll0° 8T T 1500 TPOO"  YEO' 9600 ssaUXaIy) Jown ]

8¢’ 80 18 ee 8T T 96’ €6 S8 58 44 dNsnousnsah 303
gUN A saA sAou

¥60" 900" 00T v6 v e LT 100 8¢ T ‘uoiseAul JejnasenoydwiA

Iy 0 96 6L TT' 8y’ ST ev0 020° 6200 #dN sAsahsnou’INg
sak

99’ W T 8% 0% 96' 6 el 09’ sA ou ‘spelb Jowny ybiH
aso|a/annisod

65" 8z 96 8 60 000 LT 990"  ££0° 000 SA anijeBau ‘snyess ulbrel
AlSA

€ Yo TY AR Sho' £z ST 8T 9/0°  1I-1 96els DOV 8NNy
€-TN SA ON

9’ e 96 vLeT 90" 9%’ 9% &L 19 UOIEDIISSE|D N JUBLINISY
y=ZL SAT-0L

19 S 8e 1200 050 110’ 160° £10° 020 6200’ UONEIYISSEID 1 JUaAINIey

€6’ 6 96 PVA A 9T 0z T 180° 620’ 697 sn 9> 2By

onjend  snjend  onead  enpead  enjead  onead  enpead  enjead  L2MEAd  gnpead 9SBISIP JUaINISY

fov  fpeun  clpy  fpeun  fpy  fpeun oy fpeun ‘Tpy ‘fpeun
sisejselawl JueISIq  aanjrey jeuoifiay ain|rey 2207 yiesp

o110ads-aseasiq

*A1abIns Juanmuapun oym sjuaited Te 8yl Joj [041UOI 3SISIP puUe [eAIAINS UO S10198) dnsouboud Jo 10edwi ‘sisAjeue ajelieAIUN

Author Manuscript

S 319vL

Author Manuscript

Author Manuscript

Author Manuscript

Head Neck. Author manuscript; available in PMC 2016 August 04.



Page 20

Lok et al.

‘SISAJeue WOJ) papnjoXa Sem UOIIeIIJISSeO N [elIul ‘aseasip TN pey siuaned ¢ Ajuo

1A

'SSAUXIY} Jowiny Jua.indal Buiiodas Apiojdxa paiyuspl spiodas a16ojoyred cm>mm-bx_m§

'3 J0 douasqe Jo aouasald Buriodas Apioidxa palyiuapl spiodas a16ojoyred mc_c.bx_mt

‘uoiseAul JejnasenoydwA| Jo asuasqe 1o aouasald Bunuodas Apioijdxa paiyinuspi spiodal d16ojoyred o>a.bx_mm

"INd J0 8ouasqe 10 aouasald Bunodas Ajioijdxa paiyuapi spiodal a1bojoyred cm>mm.>t_u_u

'$10308) JURDLIUBIS 10) SB|RLIeA PapIS-1UBLI Uey) S81Rl 8in|1ey/yIeap JBMO] IO [BAIAINS Pasealoul pey Sa|qeLIBA PapIS-1a] |8 ‘Ulinjod aiijus c_aN

"(00€—682:/5:G66T & 20S Isnels & r Bunsal sjdnjnw 01 yoroidde |nyiemod pue eonoeid e :a1ey A1anodsiq asje
ay1 Buijjonuo) ‘A BinqyooH ‘A 1utweluag) ainpadsoid Buijjosiuod arey A1an02s1q asje4 BiaquooH pue uiweluag Buisn anjead paisnipe Bunsay ajdini U0y Pjog Ul aJe $s8] 40 GO° J0 sanjend paisnipy
*

"a1qealjdde jou ‘wN ‘Adesayiolpel ‘¥ ‘uoisualxa Jejnsdedelixa
‘303 ‘panodal 10U ‘YN ‘uoiseAul [einauniad |Nd ‘182UeD U0 83RIWWOD UIOL UBdLBWY ‘QDrY ‘@njend paisnipe ‘anjead “[py ‘anfead paisnipeun ‘anjead “[peun {[eAIAINS |[eIaA0 ‘SO :SUOHEINIGAY

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

; available in PMC 2016 August 04.

Head Neck. Author manuscript



Page 21

Lok et al.

‘|apoL 1eLIeAn|NW 8SIMAa]S 8y J0) SBIEPIPURD PaIaPISUOD 8Jam T* > anfeAd paisnipe s1eLieAIun 8soym siojoe
¥

"paniodal Jou “YN ‘UoIseAUl [einauLad ‘INd ‘[eAIsIUl 80USPIIUO0D | ‘01l paezey ‘YH ‘[eAIAINS [[BIBAO ‘SO :SUOIRIASIGGY

€00  (S96-TTT)1S¢ 44 -2l
00T 99 T-0L

uoleanyisse|d L [eniu]
aseasip Arewid

€000  (2€8-¥S'T)8G'E 14 N
€00  (e862TT) 98¢ e€ wo G202
00T 1% wo G2'0>
SSauUXJIYy} Jown]
€20 (80€-9L0)€ST ve N
¥000'0  (T5'8-G8'T) 96°€ 14 SOA
00T € ON
INd
100  (¥5'9-G2'T) 982 82z 950]9/aAISOd
00T 6S aniebaN
snyels ulbiren
€00  (9,€-90'T) 66'T L0000 (Tev-92'T) €€ 14 -2l
00T 00T 99 7-01
uoInedyIsSse|d | 1ualinday
€000 (0L'v—8€'T) S5 ve 69z
00T LS G9>
A ‘aby
anend  (100%S6)4H  anend  (1096s6) dH MM (10.9666) uH  suened o oN 95eSIP JUBLINIRY
(paJosuad g¢ ‘aanjiey (paJosusd oy ‘Yresp (patosuad gy ‘palp TS) SO
1290] O/M PaIP TE ‘adnjiey  O13109ds-aseasip o/m palp 6
[e20] /2) 84njie} [e207] ‘Yreap o1y19ads-aseasip zv)

yresp oy1oads-asessiq

*A1ab1ns Juanmuapun oym sjuaited Te 8yl 404 [041U0D 3SBSSIP puUR [RAIAINS UO S1019B) dnsouboud Jo 10edwi ‘sisAjeue ajelieAnNA

9 319vl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Head Neck. Author manuscript; available in PMC 2016 August 04.



Page 22

Lok et al.

Author Manuscript

‘papodal Jou sem SO ‘paliodal [eAIAINS J1199ds-3SeasIp >_co§

*190URD 323U pUe pesy JUsLINDal 210} UM sjuaired i %ot

"paliodal J3oURD JUB1INJ3) [210] Yl sjuaited 9¢ Jo sjuaited oneIselaw JueIsIp-Uuou suo-Auiy L

5

“1 INOYLM 10 Yiim afeafes [ealBins Jale 10ued 08U pue peay Jualinoal yum swaned 20T JO

't

*190URD 523U pUB Pesy 1UsLIN3l Yum syusned // € [810) 8U1 JO JUBWIESI) 10§ S| UMopYeslg

1

"a1qe1 iy Jo sasodind Joy ssa] Jo 21 aq 01 pawinsaid pue paliodal J0U Sem UOITedl}ISSe|D
1 ‘syuanred Ajuo 1ua1inoal A|[ed0] ZG Yl JO ‘1aAamoy ‘adualindal [euolBaiod0] 1o [euolBal Yim pajussaid Jaourd AJIARD [0 JuaLindal Yim siuaited 90T 8yl 40 Inoy-AjiH 1a1eall aq 01 Ajay1] SI anjeA siyL
¥

‘paniodal Jou ‘YN ‘Ajerewxoidde “xoiddy ‘ared sarioddns ‘ddns ‘Adelaylowayd ‘O ‘Adessyioipel ‘1Y A1a6INns ‘S {JeAIAINS |[RIBA0 ‘SO SUOIRINBIGAY

(692) O F 1Y

(K G) %01 (%r2) OF 14 +S %9E %18 eetT Apms jussaid
(%92) O F 1Y

(K G) %8y (%)) 14 7S %62 N 8¢ (2102) ol 10 Jopmis
(%T¥) O F 1Y

44 2) %65> (%69) O F 14 +S %ze %6 1162 (8002) , e 30 Japms
(%97) ddng
(%2e) L4 ¥

(A G) %0¢€ xouddy (%zy) L4 FS %2y %25 §T¢€ (9002) g7l 18 00X
(%g¢) ddns
(%S2) 0
(%er) O F 1Y

+(A ) %9z xoiddy 1) 1aFS %0 LTS2 90T (£002) <[e 13 Buom
(%62) O + 1™

(K¥) wse (CA9ARS %9T %vL 8¢ (0002) g1l@ 18 Z1EMUOS

e} 1uawWiyeal) abenjes Juawiyeal] abenfes Al-11186e1s  sjusned Jeak ‘sal1as

0] LOT.Q 9JuaJandal JualInNday JO 'ON

[euoifiaa parejos! Jo arey

. 319vLl

Author Manuscript

'$180URD AJIARD [BI0 JUBLINDBI YlIM Sjuaned JO Sa11ss palos|as

Author Manuscript Author Manuscript

Head Neck. Author manuscript; available in PMC 2016 August 04.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Endpoints and statistical analysis

	RESULTS
	Initial treatment
	Recurrent treatment
	Surgery
	Radiotherapy
	Chemotherapy

	Recurrence and survival after treatment of recurrent disease
	Overall survival
	Disease-specific death
	Local failure
	Regional failure
	Distant metastasis
	Toxicity


	DISCUSSION
	References
	FIGURE 1
	FIGURE 2
	FIGURE 3
	FIGURE 4
	TABLE 1
	TABLE 2
	TABLE 3
	TABLE 4
	TABLE 5
	TABLE 6
	TABLE 7



