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Abstract

Background: We sought to investigate the prognostic impact of missed RT sessions in patients who had
undergone surgery for oral cavity squamous cell carcinoma (OCSCQ).

Methods: The study sample consisted of 905 patients with surgically treated OCSCC who fulfilled criteria of RT
course <8 weeks. The study participants were divided into three groups based on the characteristics of missed RT,
as follows: 1) early missed RT, 2) late missed RT, and 3) RT as scheduled.

Results: The 5-year overall survival (OS) rates in the early missed RT, late missed RT, and RT as scheduled groups
were 53.0, 58.1, and 64.5%, respectively (p =0.046). In multivariate analysis, early missed RT was independently
associated with both OS (hazard ratio (HR) = 1.486; 95% confidence interval (Cl): 1.122-1.966; p = 0.006) and the
occurrence of distant metastasis (HR = 1.644; 95% Cl: 1.047-2.583; p=0.031).

Conclusion: Early missed RT was independently associated with a higher occurrence of distant metastasis and less
favorable OS in patients who had undergone surgery for OCSCC.
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Background
Malignancies of the oral cavity represent a major public
health concern, with over 350,000 new yearly cases being
diagnosed worldwide [1]. In Taiwan, oral cavity cancer
accounts for approximately 70% of all newly diagnosed
head and neck tumors [2] — with oral cavity squamous
cell carcinoma (OCSCC) being the most common histo-
logical type. Radical surgery remains the mainstay of
treatment for OCSCC. Patients carrying unfavorable
pathological risk factors are also candidate to receive ad-
juvant radiotherapy (RT) - either with or without
chemotherapy — in an effort to improve local and sys-
temic control rates [3—6]. Adherence to the initially pre-
scribed RT regimen is paramount to ensure optimal
treatment outcomes, and deviations from the initial
schedule may have adverse prognostic implications. In
this context, published studies have shown that several
variables related to the RT schedule — including length
of radiation time, premature discontinuation of RT, and
time to initiation of postoperative RT — predict progno-
sis in patients with head and neck malignancies [7-12].
The question as to whether missed RT sessions could
be associated with clinical outcomes has received less at-
tention [7], even in studies that focused on RT as defini-
tive treatment in patients who did not undergo radical
surgery [13-15]. We therefore designed the current
retrospective study to specifically investigate this issue in
a large series of patients with OCSCC who had previ-
ously undergone surgery. Missed sessions were analyzed
in relation to their temporal occurrence during the RT
course and examined with respect to overall survival
(OS) and other outcomes of interest — including locore-
gional control (LRC) and freedom from distant metasta-
sis (FFDM) rates.

Methods

Study patients

We retrospectively reviewed the clinical records of 1058
adult patients with histology-proven OCSCC who re-
ceived radical surgery and RT - either alone or in com-
bination with chemotherapy — at the Linkou Chang
Gung Memorial Hospital (Taoyuan City, Taiwan) be-
tween January 2005 and December 2012. All participants
were restaged according to the American Joint Commit-
tee on Cancer (AJCC) Staging Manual, Eighth Edition by
an experienced radiation oncologist after reviewing med-
ical records. The institutional tumor board performed
central review of each new case. Before the routine use
of positron emission tomography (PET) imaging (2009),
staging was performed with computed tomography (CT)
or magnetic resonance (MR) imaging along with abdom-
inal ultrasound and bone scan. Currently, both MR and
PET can be performed for staging purposes. As of 2009,
tumor board routinely suggested a second PET scan
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(post-operative/pre-RT PET) prior to adjuvant treatment
for high-risk patients (e.g., those presenting with extra-
nodal spread) to detect early recurrences. Only patients
who underwent surgery with curative intent (including
neck dissection) and who received a radiation dose of 2
Gy per fraction were deemed eligible. Exclusion criteria
were as follows: 1) history of second primary malig-
nancies; 2) local, regional, or distant failure occurring
during the course of RT; 3) total RT dose <60 Gy
or>72GQGy; and 4) presence of distant recurrences
identified on the second PET scan. Owing to the
retrospective nature of the study, the need for in-
formed consent was waived.

Treatment approach

Primary tumors were excised with >1 cm margins (both
peripheral and deep margins). Patients with clinically
positive nodal disease underwent level I-V neck dissec-
tions, whereas level I-III neck dissections were per-
formed in presence of clinically negative nodes. The
procedures for collection and classification of pathologic
risk factors and the indications for adjuvant treatment
have been previously described in detail [16, 17]. Pa-
tients received homogeneous treatment according to our
institutional guidelines (Supplementary Table 1). All pa-
tients underwent postoperative radiotherapy (PORT)
consisting of a conventional fractionated daily dose of 2
Gy per fraction, 5 days per week. A 6-MV photon beam
was used to achieve a target total dose between 60 and
66 Gy. Suspicious FDG-avid lesions detected on PET im-
aging before the beginning of RT received a simultan-
eous integrated boost at a dose of 70-72 Gy [18]. The
initial treatment volume comprised the primary tumor
bed and the regional cervical nodes. PORT was per-
formed using different techniques — including conven-
tional  two-dimensional =~ RT,  three-dimensional
conformal RT, intensity-modulated radiation therapy
(IMRT), and volumetric-modulated arc therapy
(VMAT). A conventional field arrangement generally in-
cluded a bilateral opposing field and a low anterior por-
tal — with the spinal cord being shielded upon delivering
of a dose of 46 Gy or more. The dose delivered to the
brain stem and spinal cord was limited to 54 Gy. Upon
administration of 46—50 Gy, the irradiation area was re-
duced to include the tumor bed and metastatic nodes
only. Concurrent chemotherapy was offered to patients
harboring adverse prognostic factors [17]. Cisplatin —
generally administered as a single dose of 100 mg/m>
every 3 weeks or at a weekly dose of 40 mg/m?* — was
the most commonly used chemotherapy agent [19, 20].

Definition of variables
The performance status was calculated with the Eastern
Cooperative Oncology Group scale. Cigarette smoking
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Table 1 General characteristics of the study patients

RT as scheduled Late missed RT Early missed RT Entire cohort p value
Number 448 341 116 905
Sex, n (%) 0.210
Women 26 (5.8%) 21 (6.2%) 12 (10.3%) 59 (6.5%)
Men 422 (94.2%) 320 (93.8%) 104 (89.7%) 846 (93.5%)
Age (years), median (range) 50.8 (25.1-894) 51.1 (280-83.6) 49.8 (25.1-78.8) 50.8 (25.1-89.4) 0330
Age (years), n (%) 0481
<60 363 (81.0%) 274 (80.4%) 95 (81.9%) 732 (80.9%)
=60 85 (19.0%) 67 (19.6%) 21 (18.1%) 173 (19.1%)
Differentiation 0.305
Well differentiated 104 (23.2%) 87 (25.5%) 40 (34.5%) 232 (25.6%)
Moderately differentiated 284 (63.4%) 199 (58.4%) 62 (53.5%) 545 (60.2%)
Poorly differentiated 60 (13.4%) 55 (16.1%) 14 (12.0%) 128 (14.2%)
pStage, n (%) 0.710
Stage | 6 (1.3%) 2 (0.6%) 0 (0%) 8 (0.9%)
Stage Il 16 (3.6%) 11 (3.2%) 2 (1.7%) 29 (3.2%)
Stage Il 123 (27.5%) 100 (29.3%) 33 (284%) 256 (28.3%)
Stage IV 303 (67.6%) 228 (66.9%) 81 (69.8%) 612 (67.6%)
pT — Stage, n (%) 0.824
T1/2 58 (12.9%) 40 (11.7%) 16 (13.8%) 114 (12.6%)
T3/4 390 (87.1%) 301 (88.3%) 100 (86.2%) 791 (87.4%)
pN — Stage, n (%) 0.828
Nos1 255 (56.9%) 198 (58.0%) 63 (54.3%) 516 (57.0%)
No/3 193 (43.1%) 143 (42.0%) 53 (45.7%) 389 (43.0%)
RTT (days), median (range) 46 (39-53) 49 (44-56) 50 (43-56) 47 (39-56) 0.131
Mean + SD 456+252 490x277 503 £2.94 475+328 0.120
S/RT interval (days), median (range) 39 (15-106) 40 (15-94) 37 (17-77) 39 (15-106) 0.078
Mean + SD 402+122 416+134 384+ 104 405+125 0.061
S/RT interval (days), n (%) 0.256
<42 326 (72.8%) 231 (67.7%) 85 (73.3%) 642 (70.9%)
>42 122 (27.2%) 110 (32.3%) 31 (26.7%) 263 (29.1%)
TPT (days), median (range) 84 (50-152) 88 (63-143) 86 (65-128) 86 (59-152) 0.058
Mean + SD 858+124 905+ 138 886+ 107 88.0+£129 0.029
TPT (days), n (%) <0.001
<85 254 (56.7%) 133 (39.0%) 49 (42.2%) 436 (48.2%)
> 85 194 (43.3%) 208 (61.0%) 67 (57.7%) 469 (51.8%)
RT techniques 0.691
2D RT 76 (16.9%) 68 (19.9%) 20 (17.2%) 164 (18.1%)
3D conformal RT 43 (9.6%) 14 (4.1%) 12 (10.3%) 69 (7.6%)
IMRT 296 (66.1%) 223 (65.4%) 80 (70.0%) 599 (66.2%)
VMAT 33 (7.4%) 36 (10.6%) 4 (3.5%) 73 (8.1%)
Chemotherapy, n (%) 0.933
Yes 248 (55.4%) 190 (55.7%) 67 (57.8%) 505 (55.8%)
No 200 (44.6%) 151 (44.3%) 49 (42.2%) 400 (44.2%)

PET imaging, n (%) 0.095
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Table 1 General characteristics of the study patients (Continued)
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RT as scheduled Late missed RT Early missed RT Entire cohort p value
Yes 233 (52.0%) 151 (44.3%) 58 (50.0%) 442 (48.8%)
No 215 (48.0%) 190 (55.7%) 58 (50.0%) 463 (51.2%)
Smoking, n (%) 0.864
No 65 (14.5%) 46 (13.5%) 18 (15.5%) 129 (14.3%)
Yes 383 (85.5%) 295 (86.5%) 98 (84.5%) 776 (85.7%)
Betel quid chewing, n (%) 0.366
No 94 (21.0%) 85 (24.9%) 29 (25.0%) 208 (23.0%)
Yes 354 (79.0%) 256 (75.1%) 87 (75.0%) 697 (77.0%)
Alcohol use, n (%) 0.171
No 182 (40.6%) 116 (34.0%) 43 (37.1%) 341 (37.7%)
Yes 266 (59.4%) 225 (66.0%) 73 (62.9%) 564 (62.3%)
Comorbidities, n (%) 0.227

No 237 (52.9%)
Yes 211 (47.1%)

159 (46.6%)
182 (53.4%)

61 (52.6%)
55 (47.4%)

456 (50.3%)
448 (49.5%)

Data are given as counts (percentages), means + standard deviations, or medians (ranges), as appropriate. Abbreviations: RT radiotherapy, RTT radiation treatment
time, S surgery, SD standard deviation, TPT treatment package time, 2D two-dimensional, 3D three-dimensional, IMRT intensity-modulated radiation therapy, VMAT

volumetric-modulated arc therapy, PET positron emission tomography

was dichotomized as yes (subjects who smoked >100 ciga-
rettes in their lifetime) versus no (subjects who smoked <
100 cigarettes in their lifetime and who were not currently
smoking) [21]. Alcohol consumption (current or former
drinkers versus nondrinkers) and betel quid chewing
(current or former chewers versus non-chewers) were also
considered as dichotomous variables. Chemotherapy was
dichotomized as yes (concurrent chemotherapy or chemo-
therapy administered in the 2 weeks preceding the start of
RT) versus no. The Charlson Comorbidity Index [22] was
used to categorize the presence of comorbidities as yes
(score 2 1) versus no. Preoperative PET imaging was di-
chotomized as yes versus no.

Radiotherapy-related variables

Because a prolonged RT course is known to be associ-
ated with a less favorable OS [23], we solely focused on
patients with a radiation treatment time (RTT) — defined
as the time from the beginning to the end of RT — of
less than 8 weeks. The treatment package time (TPT)
was calculated from the date of surgery to the last RT
session. The interval between surgery and RT was calcu-
lated from the date of surgery to the first RT session.
For the purpose of analysis, the study participants were
divided into three groups based on the characteristics of
missed RT, as follows: 1) early missed RT (defined as
having received < 14 fractions in the first 3 weeks), 2)
late missed RT (defined as having received >14 fractions
in the first 3 weeks but less than 29 fractions in the first
6 weeks), and 3) RT as scheduled (defined as having re-
ceived >14 fractions in the first 3 weeks and >29 frac-
tions in the first 6 weeks).

Definition of outcomes

OS — calculated as the time elapsed (in years) from the
start of RT to the date of death — was the main outcome
measure. Secondary outcomes included LRC and FFDM
rates. LRC was defined as the time from the start of RT
to the date of local or regional recurrence, whereas
FFDM was the time elapsed from the start of RT to the
date of diagnosis of distant metastases.

Data analysis

Intergroup differences in terms of continuous variables
were assessed with the Student’s ¢-test, whereas the chi-
square test was used for categorical data. Survival curves
were plotted with the Kaplan-Meier method (log-rank
test). Multivariate Cox proportional hazards regression
analyses were used to identify independent predictors of
OS, LRC, and FFDM rates. The following covariates
were entered into the multivariate model: age, sex, pT,
pN, tumor differentiation, TPT, pattern of missed RT
sessions (early missed RT, late missed RT, RT as sched-
uled), cigarette smoking, betel quid chewing, alcohol
consumption, presence of comorbidities, concurrent
chemotherapy, and PET imaging. The results are
expressed as hazard ratios (HRs) with 95% confidence
intervals (CIs). In all analyses, two-tailed p values < 0.05
were considered statistically significant.

Results

Patient characteristics

The median age of the 905 study participants was 50.8
years (range, 25.1-89.4 years) (Table 1). There were 37
(3.1%) patients who had pathological stage I - II disease,
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whereas 868 (95.9%) had stage III - IV disease. Patho-
logical nodal metastases were identified in 409 patients
(63.3%). PET/CT imaging was performed during the pre-
operative staging work-up in 442 (48.8%) study partici-
pants. Concurrent chemoradiation was administered to
505 (55.8%) patients. A total of 642 (70.9%) patients
began PORT within 6 weeks of radical surgery, with 436
(48.2%) having a TPT <85 days. The median RTT was
47 days (range, 39-56 days). A total of 556 (61.4%) and
905 (100%) patients completed RT within 7 and 8 weeks
of surgery, respectively.

Missed radiation therapy sessions

There were 116, 341, and 448 patients in the early missed
RT, late missed RT, and RT as scheduled groups, respect-
ively. The reasons for early missed RT were as follows:
operational causes (machine breakdown, public holidays;
n = 69), treatment plan modifications because of physician’s
decision (including re-simulation and re-optimization of
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the treatment plan due to modifications of the facial
profile, physician’s discretion, missing of fixation cast
or oral bite block; # = 13), patients taking leaves (unknown
reasons; # = 34), frailty (hospital admissions, weight loss;
n =18), and mixed reasons (operational causes and other
reasons; # = 32).

Survival outcomes

The median duration of follow-up was 6.1 years
(range, 0.2—13.9years), during which 451 (49.8%) pa-
tients died. The 2-, 3-, and 5-year OS rates in the en-
tire study cohort were 71.1, 67.6, and 60.6%,
respectively. The 5-year OS rates according to patho-
logic stage (AJCC Eight Edition Staging Manual) are
shown in Fig. la. Kaplan-Meier survival plots of OS,
FFDM, and LRCR according to the patterns of missed
RT sessions (early missed RT, late missed RT, RT as
scheduled) are depicted in Fig. 1b—d. The 5-year OS
rates in patients with early missed RT, late missed

Pathologic

1.0 Stage
—ristage |
—stage I
—Fstage I
0.8 x‘ —istage IVA
Stage IVB

0.6

0.4

Surviving Fraction

| ] n IVA IVB
75.0% 82.2% 69.9% 62.8% 42.5%

0.2
5-yr OS

0.0
0 1 2 3 4 5

Time From First day of RT to Death (Years)

~IIRT as scheduled
~Late missed RT
—Early missed RT

Surviving Fraction

Early missed RT vs RT as scheduled, P=0.115
Late missed RT vs RT as scheduled, P=0.011
Early missed RT vs Late missed RT, P=0.816

0 2 4 6 8 10 12 14

Time From First Day of RT to Local or Regional Recurrence (Years)

characteristics of missed radiation therapy

~ITIRT as scheduled
~Late missed RT
—MEarly missed RT

Surviving Fraction

Early missed RT vs RT as scheduled, P=0.021
Late missed RT vs RT as scheduled, P=0.113
Early missed RT vs Late missed RT, P=0.254
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Fig. 1 Panel a: Kaplan-Meier plot of 5-year overall survival according to pathologic stage (AJCC Eight Edition Staging Manual; n = 905); panel b:
Kaplan-Meier plot of overall survival in patients stratified into three groups based on the characteristics of missed radiation therapy; panel ¢
Kaplan-Meier plot of local-regional control in the study patients stratified into three groups based on the characteristics of missed radiation
therapy; panel d: Kaplan-Meier plot of freedom from distant metastases in the study patients stratified into three groups based on the




Chiang et al. Radiation Oncology (2020) 15:194

RT, and RT as scheduled were 53.0, 58.1, and 64.5%,
respectively. The 5-year OS rate of patients with early
missed RT was significantly lower than of patients
with RT as schedule (p=0.021). The 5-year FFDM
rates in patients with early missed RT, late missed
RT, and RT as scheduled were 76.1, 84.3, and 82.2%,
respectively. Patients with early missed RT had a sig-
nificantly higher rate of distant metastasis when com-
pared with patients with late missed RT (p=0.048).
Finally, the 5-year LRC rates in patients with early
missed RT, late missed RT, and RT as scheduled were
70.1, 69.1, and 77.8%, respectively. Patients with late
missed RT had a significantly lower local-regional
control rate when compared with patients with RT as
scheduled (p =0.011).

Predictors of survival outcomes

Table 2 summarizes the results of univariate analysis of
variables associated with 5-year OS, FFDM, and LRCR
rates. In addition to other variables, early missed RT
(versus RT as scheduled) was identified as a significant
adverse predictor of OS. Moreover, early missed RT
(versus late missed RT) was significantly associated with
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a less favorable FFDM. After allowance for potential
confounders in multivariate analysis (Table 3), early
missed RT (versus RT as scheduled) retained its inde-
pendent adverse prognostic significance for OS (HR =
1.201; 95% CI: 0.978-1.474; p =0.008). Notably, early
missed RT (versus RT as scheduled) was also independ-
ently associated with a less favorable FFDM (HR = 1.644;
95% CI: 1.047-2.583; p = 0.031).

Discussion

The present retrospective study demonstrates that
early missed RT (versus RT as scheduled) was an in-
dependent adverse predictor of OS in a large cohort
of patients with OCSCC enrolled in an endemic betel
quid chewing area. Moreover, early missed RT was
independently associated with a higher occurrence of
distant metastasis. Notably, late missed RT was an in-
dependent adverse predictor of local-regional control
but not of OS. Taken together, our results indicate
that the prognostic significance of missed sessions
varies in relation to the course of RT — with early
missing being independently associated with a less fa-
vorable OS.

Table 2 Univariate analyses of freedom from distant metastases, locoregional control, and overall survival rates

FFDM LRC OS

Covariate HR (95% Cl) p value HR (95% Cl) p value HR (95% Cl) p value
RT schedule

Early missed RT vs. RT as scheduled 1470 (0.946-2.283) 0.086 1.383 (0.920-2.079) 0.118 1.385 (1.052-1.821) 0.020*

Late missed RT vs. RT as scheduled 0916 (0641-1.311) 0.632 1.453 (1.091-1.935) 0011 1.177 (0.962-1.439) 0.112

Early missed RT vs. late missed RT 1.602 (1.004-2.564) 0.048 1.050 (0.700-1.576) 0.812 1.176 (0.889-1.557) 0.254
pT Stage (3/4 vs.1/2) 1.679 (0.951-2.964) 0.074 1.670 (1.043-2.67) 0.033 1459 (1.072-1.98) 0.016*
pN Stage (2/3 vs. 0/1) 3332 (2.370-4.685) <0.001 1.621 (1.243-2.11) <0.001 1.708 (1.419-2.05) <0.001*
Differentiation

(Moderately vs. Well) 1.647 (1.067-2.541) 0.024 1.264 (0.915-1.747) 0.155 1.215 (0.973-1.518) 0.086

(Poorly vs. Well) 2395 (1.422-4.033) 0.001 1.201 (0.764-1.890) 0427 1.224 (0.895-1.674) 0.205
Sex (Male vs. Female) 1.169 (0.596-2.292) 0650 0.901 (0.541-1.49) 0.688 1.110 (0.752-1.63) 0.600
Age (> 60 vs. <60 years) 0.654 (0.654-1.237) 0.899 0.835 (0.639-1.090) 0.184 1.342 (1.114-1.616) 0.002*
Chemotherapy (Yes vs. no) 0.509 (0.361-0.717) <0.001 0.742 (0.566-0.974) 0.032 0.718 (0.594-0.867) <0.001*
TPT (days) 1.083 (0.788-1.490) 0.622 1.395 (1.038-1.734) 0.026 1.142 (0.948-1.313) 0.161
(> 85 vs. <85)
Alcohol (Yes vs. No) 1.291(0.921-1.811) 0.139 1.363 (1.026-1.81) 0.033 1315 (1.078-1.60) 0.007*
Betel quid (Yes vs. no) 1456 (0.961-2.208) 0.077 7 (0.823-1.570) 0435 1.150 (0.919-1.432) 0.222
Smoking (Yes vs. no) 1421 (0.846-2.385) 0.184 0.923 (0.637-1.336) 0.670 0.978 (0.752-1.2) 0.871
Comorbidity (Yes vs. no) 0.953 (0.839-1.585) 0.380 1.047 (0.803-1.366) 0.733 1.210 (1.006-1.456) 0.040%
S/RT interval 1.006 (0.708-1.428) 0.975 1.575 (1.142-2.172) 0.006 1.252(1.030-1.521) 0.024*
PET (Yes vs. no) 0.838 (0.610-1.153) 0.278 1.522 (1.161-1.997) 0.002 1.119 (0.928-1.350) 0.238

Abbreviations: FFDM freedom from distant metastases, LRC locoregional control, OS overall survival, RT radiotherapy, TPT total package time, S surgery, PET
positron emission tomography, HR hazard ratio, C/ confidence interval. *Denotes statistically significant p values
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Table 3 Multivariate analyses of freedom from distant metastases, locoregional control, and overall survival rates
FFDM LRCR 0S

Covariate HR (95% Cl) p value HR (95% Cl) p value HR (95% Cl) p value
RT schedule

Early missed RT vs. RT as scheduled 1.644 (1.047-2.583) 0.031 1422 (0.877-2.204) 0.152 1486 (1.122-1.966) 0.006*

Late missed RT vs. RT as scheduled 1.022 (0.710-1472) 0.903 1.389 (1.032-1.878) 0.031 1.201 (0.978-1.474) 0.080

Early missed RT vs. late missed RT 1.683 (1.047-2.702) 0.031 0.981 (0.608-1.582) 0937 1.246 (0.939-1.652) 0.164
pT Stage (3/4 vs.1/2) 1.952 (1.097-3.472) 0.023 1.722 (1.083-2.930) 0.039 1.56 (1.144-2.142) 0.006*
pN Stage (2/3 vs.0/1) 3612 (2.327-5.609) <0.001 1.650 (1.170-2.313) 0.007 1.805 (1423-2.316) <0.001*
Differentiation

(Moderately vs. Well) 1.323 (0.844-2.074) 0223 1.203 (0.859-1.686) 0.282 1.163 (0.921-1.468) 0.205

(Poorly vs. Well) 2.078 (1.204-3.586) 0.009 3 (0.690-1.764) 0.682 1.155 (0.825-1.585) 0.389
Sex (Male vs. Female) 1.078 (0.463-2.036) 0938 0.924 (0.530-1.613) 0.781 1.079 (0.746-1.727) 0.726
Age (> 60 vs. <60 years) 1.082 (0.774-1.513) 0.643 0.884 (0.668-1.170) 0.390 1.500 (1.234-1.824) <0.001*
Chemotherapy (Yes vs. no) 1.244 (0.798-1.923) 0.335 0.950 (0.696-1.407) 0.955 1.026 (0.791-1.303) 0915
TPT (days) 0.901 (0.597-1.360) 0619 8 (0.775-1.584) 0.575 0.866 (0.670-1.119) 0.272
(> 85 vs. <85)
Alcohol (Yes vs. No) 1.135 (0.789-1.631) 0496 1.224 (0.901-1.664) 0.197 1.269 (1.025-1.569) 0.028*
Betel quid (Yes vs. no) 1.406 (0.897-2.203) 0137 1.445 (0.926-2.256) 0.105 1.168 (0.913-1.494) 0216
Smoking (Yes vs. no) 1484 (0.841-2.619) 0.173 0.859 (0.572-1.290) 0.463 0.916 (0.684-1.226) 0.555
Comorbidity (Yes vs. no) 1.090 (0.784-1.515) 0.609 1.040 (0.792-1.367) 0.777 1.115 (0.922-1.348) 0.260
S/RT interval 1.049 (0.659-1.669) 0.841 1.236 (0.800-1.910) 0.340 1.199 (0.913-1.575) 0.191
PET (Yes vs. no) 0.937 (0.665-1.319) 0.708 1470 (1.048-1.063) 0.026 1.115 (0.922-1.348) 0.138

Abbreviations: FFDM freedom from distant metastases, LRC locoregional control, OS overall survival, RT radiotherapy, TPT total package time, S surgery, PET
positron emission tomography, HR hazard ratio, C/ confidence interval. *Denotes statistically significant p values

The clinical outcomes of our patients who com-
pleted RT as scheduled were in line with those re-
ported in previous studies [24, 25]. Conversely,
growing evidence indicates that deviations from ori-
ginally scheduled RT plans predict poor outcomes in
patients with solid malignancies [26, 27]. A prolonged
TPT has been previously associated with less favor-
able survival figures in head and neck malignancies
[25]. A TPT > 85 days and an interval from surgery to RT
initiation > 6 weeks have been related to an increased like-
lihood of locoregional recurrences [25, 28]. An RTT >8
weeks was found to predict poor OS rates and a higher
risk of local and distant recurrences [29] in different solid
neoplasms [7, 12, 30]. Another report identified a pro-
longed TPT as an adverse predictor of cancer-specific sur-
vival and FFDM in patients with locally advanced
laryngeal cancer [31].

Based on the available literature, it remains difficult to
identify the most useful parameter for RT treatment
gaps in relation to clinical outcomes. By taking advan-
tage of a large clinical cohort of OCSCC patients treated
in a homogenous manner, we deliberately used a differ-
ent approach to this problem. Specifically, we investi-
gated the prognostic impact of missed sessions

according to their temporal occurrence during the
course of RT. Notably, all of our patients did not have a
total package time >85days and the time interval be-
tween surgery and RT initiation was well-balanced in
the three study groups. Our findings indicate that early
missed — but not late missed — RT sessions have an ad-
verse impact on OS. Late missed RT sessions were asso-
ciated with a less favorable local-regional control. While
early missed sessions may exert a significant detrimental
effect on survival possibly through an increased risk of
distant metastases, only a trend was observed for late
missed sessions. The association between early missed RT
sessions and an increased occurrence of distant metastasis
may be explained by the precocious effects elicited by ra-
diation on target tissues — including alterations in immune
response, cytokine signaling, and gene expression levels
[32-34]. An escape of the tumor from such early effects
may favor disease progression, which could account for
the unfavorable prognostic significance attributable to
early missed RT both in terms of OS and distant metasta-
ses. The RT-induced tissue effects elicited by initial ses-
sions seem therefore to have a paramount prognostic
significance, although the molecular underpinnings under-
lying this phenomenon deserve further scrutiny.
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The reasons for missing RT sessions can depend
on the patient (e.g., avoidance of adverse events, lack
of adherence) or other factors (e.g., national holi-
days, machine breakdown). In general, early missed
RT sessions are unlikely to be caused by treatment
toxicity — whose onset generally occurs following at
least 3 weeks of treatment [35]. Our current data
highlight the importance of compensatory strategies
when unexpected deviations from the original RT
plan occur. Strategies to achieve this goal include 1)
the delivery of compensatory RT sessions on week-
ends aimed at preserving the originally planned
treatment duration, total dose, and dose per fraction,
2) an increased number of daily fractions (e.g., de-
liver of two fractions on Fridays with an interval of
6 h between fractions) and 3) an increased dose per
fraction [36].

Our findings need to be interpreted in the context of
some limitations. First, the retrospective nature of our
investigation is inherently subjected to selection biases
and recall biases. Second, we cannot rule out residual
confounding effects due to unmeasured variables. Add-
itionally, this is a single-institution study that may have
limited external validity because it was conducted in
betel quid chewing endemic area. Findings from single-
center investigations are not necessarily generalizable to
all patients with OCSCC because of different institu-
tional practices and disparate patient populations. Inde-
pendent confirmation of our findings is necessary before
drawing more definitive conclusions.

These caveats notwithstanding, our current data indi-
cate that early missed RT was independently associated
with less favorable outcomes in patients with OCSCC
who had previously undergone surgery. Efforts to
maximize early adherence to RT can ultimately improve
prognosis in this patient group.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/513014-020-01632-1.

Additional file 1: Table S1. Guidelines for postoperative treatment of
oral cavity cancer in our institution.
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