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Abstract: The optimal follow-up protocol after treatment of oral cavity cancer patients is still debat-
able. We aimed to investigate the impact of frequency of different imaging studies and follow-up
visits on the survival of oral cavity cancer patients. The current study retrospectively reviewed oral
cavity cancer patients who underwent surgical intervention in our hospital. Basic demographic data,
tumor-related features, treatment modalities, imaging studies, and clinic visits were recorded. Cox
proportional hazard model was used to examine the influence of variables on the survival of oral
cavity cancer patients. In total, 741 patients with newly diagnosed oral cavity cancer were included
in the final analysis. Overall, the frequency of imaging studies was not associated with survival in
the multivariate analysis, except PET scan (hazard ratio [HR]: 5.30, 95% confidence interval [CI]:
3.57–7.86). However, in late-stage and elder patients, frequent head and neck CT/MRI scan was
associated with a better prognosis (HR: 0.55, 95% CI: 0.36–0.84; HR: 0.52, 95% CI: 0.30–0.91, respec-
tively). In conclusion, precision medicine is a global trend nowadays. Different subgroups may
need different follow-up protocols. Further prospective study is warranted to clarify the relationship
between frequency of image studies and survival of oral cavity cancer patients.

Keywords: oral cavity cancer; post-treatment surveillance; choosing wisely

1. Introduction

There are three types of quality problems in the healthcare system: underuse, misuse,
and overuse. Eradication of overuse is one of the top priorities for most healthcare systems
in developed countries as this will reduce healthcare costs and improve patient care [1].
According to a report by the Institute of Medicine, nearly 30% of all medical costs (more
than USD 750 billion) per year can be attributed to unnecessary or inefficient services [2].
A previous study in Taiwan found a higher overuse index was associated with higher total
medical costs per capita in a population-based analysis [3].

In terms of the management for cancer patients, it is estimated that the total expendi-
ture for cancer care in the United States rose from USD 125 billion in 2010 to USD 173 billion
in 2020 [4]. Therefore, the American Society of Clinical Oncology (ASCO) proposed the
Top Five Choosing Wisely (CW) list of low-value tests and procedures for cancer patients
in 2013 [5]. However, the rates of concordance with the ASCO’s CW in the United States
showed room for improvement. Further effort on CW measures is needed to augment
patient care and enhance the value of healthcare [6].
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Loco-regional recurrence rate in oral cavity cancer patients is relatively high when
compared with that of other types of cancers and was reported to affect 19% to 34% of oral
cavity cancer patients [7]. Therefore, for head and neck cancer patients, routine follow-up
is recommended rather than returning only when symptoms reappear [8]. However, recent
studies have indicated that there is little benefit of follow-up in asymptomatic head and
neck cancer patients [9]. With respect to image surveillance, a study from Italy showed
clinical and radiologic follow-up in head and neck cancer patients could detect more
recurrences or second primary cancers than symptom-driven monitoring. Nevertheless,
the prognosis remained similar between these two groups [10]. A single institute study
from the United States on 46 oral cavity cancer patients found routine head and neck MRI
surveillance may be unnecessary and costly as only 1 out of 46 (2.2%) had a true positive
regional recurrence [11].

Many studies on head and neck cancer surveillance concluded that the evidence is still
weak in the guideline recommendations with respect to test interval and duration, and that
further investigation is warranted [9,10,12,13]. As most failures are within the first 2 years
after treatment, frequent follow-up is suggested at that time period [9]. A previous study
proposed follow-up plan for head and neck cancer patients after comprehensive treatment
as below: physical examination of head and neck region along with endoscopy examination
every 3 months for the first year, every 4–6 months from the second to fourth year, then
once in the fifth year. Head and neck MRI of CT scan at least twice a year within 2 years
after treatment and once a year in the following years [10]. However, according to the
guidelines of National Comprehensive Cancer Network (NCCN), there are no consensus
on the frequency and protocol of routine surveillance imaging in the asymptomatic patients
and the practice differs widely among healthcare institutes [14]. Nevertheless, most of
the abovementioned studies were conducted in Western countries. The etiology of oral
cavity cancer in Western countries is different from that in Eastern countries, where betel
quid chewing tends to be the main cause [15]. There is no study on surveillance of oral
cavity cancer patients in a betel quid-prevalent area. Thus, we aimed to investigate the
relationship between prognosis and follow-up protocol after comprehensive treatment in
oral cavity cancer patients.

2. Materials and Methods

This was a single institute study, and the study design was a retrospective chart review.
The current study was reviewed and approved by the Institutional Review Board (IRB)
of Taichung Veterans General Hospital (TCVGH) (date: 15 April 2021, approval number:
CE21097B). Informed consent was exempted by the IRB of TCVGH as the treatment had
been completed and no interventional procedure was given.

2.1. Data Sources, Treatment and Follow-Up Protocol

The current study reviewed over 1000 medical charts of oral cavity cancer patients
admitted for surgical intervention in the TCVGH from January 2011 to December 2020
with the observation ending on 31 August 2021. Therapeutic protocols for all patients
were reviewed by multidisciplinary meeting and were conducted in accordance with
the consensus guideline of the oral cancer team of TCVGH. The treatment and follow-
up protocol for oral cavity cancer patients are mainly derived from NCCN guidelines.
In brief, surgical intervention is suggested for the first line therapeutic modality followed
by radiotherapy with/without chemotherapy if adverse histological features presented
after pathological examination. Patients was asked to go back to clinic for detailed physical
examination of head and neck region every month within the first year followed by every
2–4 months in the second to fifth year years. Surveillance imaging was arranged twice a
year during the first 2 years followed by once a year after 2 years.
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2.2. Independent/Dependent Variables

The variables for analysis included age, gender, personal habits, tumor stage, treat-
ment modalities, tumor location, histological features (such as perineural invasion, lymph-
vascular invasion, and extra-nodal extension). Those who smoked cigarettes, drank alcohol,
or chewed betel quid only on special occasions such as wedding banquets, family reunions,
or birthday parties were not considered habitual users. This study calculated the num-
bers of imaging studies (including computerized tomography (CT), magnetic resonance
imaging (MRI), liver sonogram, whole body bone scan, and positron emission tomography
(PET)) after comprehensive treatment, which were arranged because of oral cavity cancer.
In addition, the numbers of clinic visits were limited to those attending follow-up for
oral cavity cancer. Local recurrence was proved by pathological examination in all cases.
Distant metastasis was assessed mainly by imaging study. Survival duration was defined
as the period from the date of surgery to the date of death because of oral cavity cancer or
the last date of follow-up in the study.

2.3. Statistical Analysis

Descriptive statistics was used to present the demographic data of our patients. In
addition, the differences in continuous variables between subgroups were compared using
Student’s t-test while nominal or ordinal variables were analyzed using the chi-square
test. Furthermore, factors that could influence the survival period were examined by the
Cox proportional hazard model. For ease of analysis, we divided our population into
subgroups according to median or mean. In addition, we pooled all variables into a Cox
proportional hazard model first and then gradually excluded variables which were not
statistically significant. All analyses were computed by SPSS for Windows, version 22.0
(SPSS, IBM Corp, Chicago, IL, USA). Statistically significant level was set at p < 0.05.

3. Results
3.1. Study Population

From January 2011 to December 2020, a total of 1045 patients with oral cavity cancer
were admitted for surgical intervention. Among them, 251 patients (24.0%) underwent
operation due to recurrent disease. In addition, 21 patients (2.0%) had a histological
report other than squamous cell carcinoma, and 32 patients (3.1%) were lost to follow-up.
Finally, there were 741 patients (71.7%) who underwent surgical intervention as their
main therapeutic method and further analysis of these patients’ data was conducted. The
average age at diagnosis was 54.8 (+/−15.5) years and the majority of the patients were
male (n = 655, 88.4%). The most prevalent primary site was the tongue (n = 338, 45.6%).
All patients were restaged in accordance with the American Joint Committee on Cancer
(8th edition). Based on pathological stage, 235 patients (31.7%) had stage 1 disease, while
156 patients (21.1%), 114 patients (15.4%), and 236 patients (31.8%) had stage 2, stage 3,
and stage 4 disease, respectively. As for the patients’ pathological features, 198 patients
(26.7%) had perineural invasion and 141 patients (19.0%) had angiolymphatic involvement.
Moreover, extra-nodal extension was found in 92 patients (12.4%). More than half of the
patients (n = 389, 52.5%) received post-operative radiotherapy with/without chemotherapy.
The average follow-up period was 47.9 (+/−35.6) months and 166 patients had died
because of oral cavity cancer by the end of the follow-up period. Loco-regional recurrence
was noted in 233 patients (31.4%), whereas second primary and distant metastasis was
found in 136 patients (18.4%) and 25 patients (3.4%), respectively. The average numbers
of imaging studies performed after comprehensive treatment of oral cavity cancer during
the follow-up period were as follows: CT: 4.43 ± 3.90; MRI: 0.57 ± 1.19; liver sonogram:
2.88 ± 3.12; whole body bone scan: 2.31 ± 2.68; PET: 1.59 ± 1.87. For ease of further
analysis, CT and MRI imaging studies were combined for evaluation of loco-regional
recurrence and the average numbers of CT/MRI scan performed after treatment during
follow-up period was 5.00 ± 4.15. Among those with loco-regional recurrence, 46 patients
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(19.7%) were asymptomatic and detected by CT/MRI scan. The average clinic visit during
the follow-up period was 42.3 ± 82.7 visits.

3.2. Subgroups Analysis

When we stratified our patients based on the survival status, there were no signif-
icant differences between these two groups in primary site of tumor, diabetes mellitus,
hypertension, second primary, and average clinic visit. However, there were significant
difference between these two groups in gender, age, personal habits, tumor stage, patholog-
ical features, post-operative radiotherapy, recurrence, distant metastasis, average numbers
of imaging studies during the follow-up period, and average follow-up duration. Detailed
data are shown in Table 1.

Table 1. Descriptive statistics of oral cavity cancer patients based on survival status.

Variables
Total No. of Patients

(% in Column)
(n = 741)

No. of Patients (%)
p ValueSurvival Group

(n = 575)
Deceased Group

(n = 166)

Gender 0.016
Female 86 (11.6%) 76 (88.4%) 10 (11.6%)
Male 655 (88.4%) 499 (76.2%) 156 (23.8%)

Age (years) 54.8 ± 10.5 55.2 ± 10.5 53.2 ± 10.5 0.029
Primary subsites 0.676

Lip 35 (4.7%) 27 (77.1%) 8 (22.9%)
Gum 71 (9.6%) 56 (78.9%) 15 (21.1%)
Mouth floor 27 (3.6%) 19 (70.4%) 8 (29.6%)
Tongue 338 (45.6%) 271 (80.2%) 67 (19.8%)
Buccal 193 (26.0%) 146 (75.6%) 47 (24.4%)
Palate 37 (5.0%) 28 (75.7%) 9 (24.3%)
Retromolar trigone 40 (5.4%) 28 (70.0%) 12 (30.0%)

Smoking 0.037
No 142 (19.2%) 120 (84.5%) 22 (15.5%)
Yes 599 (80.8%) 455 (76.0%) 144 (24.0%)
Pack-year 27.1 ± 23.7 27.2 ± 23.8 27.1 ± 23.3 0.968

Alcohol consumption <0.001
No 242 (32.7%) 204 (84.3%) 38 (15.7%)
Social 329 (44.4%) 259 (78.7%) 70 (21.3%)
Heavy 170 (22.9%) 112 (65.9%) 58 (34.1%)

Betel quid chewing <0.001
No 187 (25.2%) 163 (87.2%) 24 (12.8%)
Yes 554 (74.8%) 412 (74.4%) 142 (25.6%)
Quid-year 482 ± 623 468 ± 653 529 ± 501 0.261

Diabetes mellitus 0.350
No 618 (83.4%) 484 (78.3%) 134 (21.7%)
Yes 123 (16.6%) 91 (74.0%) 32 (26.0%)

Hypertension 0.359
No 519 (70.0%) 408 (78.6%) 111 (21.4%)
Yes 222 (30.0%) 167 (75.2%) 55 (24.8%)

Stage <0.001
Stage I and II 391 (52.8%) 327 (83.6%) 64 (16.4%)
Stage III and IV 350 (47.2%) 248 (70.9%) 102 (29.1%)

Peri-neural invasion <0.001
No 543 (73.3%) 442 (81.4%) 101 (18.6%)
Yes 198 (26.7%) 133 (67.2%) 65 (32.8%)

Lympho-vascular invasion <0.001
No 600 (81.0%) 487 (81.2%) 113 (18.8%)
Yes 141 (19.0%) 88 (62.4%) 53 (37.6%)

Extra-nodal extension 0.004
No 649 (87.6%) 515 (79.4%) 134 (20.6%)
Yes 92 (12.4%) 60 (65.2%) 32 (34.8%)
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Table 1. Cont.

Variables
Total No. of Patients

(% in Column)
(n = 741)

No. of Patients (%)
p ValueSurvival Group

(n = 575)
Deceased Group

(n = 166)

Post-operative radiotherapy <0.001
No 352 (47.5%) 296 (84.1%) 56 (15.9%)
Yes 389 (52.5%) 279 (71.7%) 110 (28.3%)

Recurrence <0.001
No 508 (68.6%) 450 (88.6%) 58 (11.4%)
Yes 233 (31.4%) 125 (53.6%) 108 (46.4%)

Second primary 0.490
No 605 (81.6%) 473 (78.2%) 132 (21.8%)
Yes 136 (18.4%) 102 (75.0%) 34 (25.0%)

Distant metastasis <0.001
No 716 (96.6%) 575 (80.3%) 141 (19.7%)
Yes 25 (3.4%) 0 (0%) 25 (100.0%)

CT/MRI 5.0 ± 4.2 5.26 ± 4.21 4.12 ± 3.85 0.002
Liver sonogram 2.9 ± 3.1 3.14 ± 3.27 2.01 ± 2.32 <0.001
Bone scan 2.3 ± 2.7 2.57 ± 2.81 1.43 ± 1.93 <0.001
PET scan 1.6 ± 1.9 1.28 ± 1.65 2.67 ± 2.15 <0.001
Clinic visit 42.3 ± 82.7 40.0 ± 37.7 50.1 ± 160 0.420
Follow-up duration (months) 47.9 ± 35.6 50.7 ± 36.0 38.2 ± 32.5 <0.001

Abbreviation: CT/MRI, computerized tomography/magnetic resonance imaging; PET, positron emission tomography. Note: Average
value +/− standard deviation are used for continuous variables.

Subgroup analysis was made based on the loco-regional recurrent status. There was
no statistical significance between these two groups in the type of surgery in primary
tumor. However, there were significant differences between these two groups in type of
neck dissection and adjuvant treatment. Detailed data are presented in Table 2.

Table 2. Descriptive statistics of treatment modalities of oral cavity cancer patients based on recurrent status.

Variables
Total No. of Patients

(% in Column)
(n = 741)

No. of Patients (%)
p ValueWith Recurrence

(n = 233)
Without Recurrence

(n = 508)

Primary 0.090
Transoral 501 (67.6%) 147 (29.3%) 354 (70.7%)
Compartmental 240 (32.4%) 86 (35.8%) 154 (64.2%)

Neck dissection 0.031
No 120 (16.2%) 32 (26.7%) 88 (73.3%)
Unilateral 494 (66.7%) 149 (30.2%) 345 (69.8%)
Bilateral 127 (17.1%) 52 (40.9%) 75 (59.1%)

Adjuvant treatment <0.001
No 352 (47.5%) 86 (24.4%) 266 (75.6%)
Radiotherapy only 137 (18.5%) 45 (32.8%) 92 (67.2%)
Chemo-radiotherapy 252 (34.0%) 102 (40.5%) 150 (59.5%)

As the follow-up duration was different between the survival group and the deceased
group, the numbers of imaging studies that the patients underwent every year were calcu-
lated for further analysis (the numbers of imaging studies divided by the follow-up period
[in years]). Additionally, the clinic visits every year were computed in Cox proportional
hazard model analysis. We used the average as the cut-off points for continuous variables
in order to separate the patients into two groups. That is, age: <54 years vs. >=54 years;
CT/MRI: <1.3 times/year vs. >=1.3 times/year; Liver sonogram: <0.66 times/year vs.
>=0.66 times/year; whole body bone scan: <0.5 times/year vs. >=0.5 times/year; PET:
<0.5 times/year vs. >=0.5 times/year; and clinic visit: <11 visits/year vs. >=11 visit/year.
Cox proportional model was used to estimate the hazard ratio of variables that could
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influence survival. First, all of the variables were put into the Cox proportional hazard
model for examination. We excluded the variables that were not significant in the Cox
proportional hazard model analysis. Finally, we included pathological stage, pathological
features, imaging studies, and clinic visits into the final model. Additionally, age and
gender were added for control. The results are presented in detail in Table 3. During the
univariate analysis, all variables were significant factors associated with survival of oral
cavity cancer patients after comprehensive treatment. However, only age, pathological
stage, peri-neural invasion, lymph-vascular invasion, PET, and clinic visits were significant
prognostic factors in the multivariate analysis.

Table 3. Factors associated with disease-specific survival in oral cavity cancer patients.

Variables No. of Patients (n = 741)
Univariate Multivariate

HR (95% CI) HR (95% CI)

Gender
Female 86 1.00 (ref) 1.00 (ref)
Male 655 1.81 (0.95–3.43) 1.37 (0.71–2.65)

Age
<54 years 348 1.00 (ref) 1.00 (ref)
>=54 years 393 0.99 (0.73–1.34) 1.40 (1.01–1.93)

Pathological stage
Stage I and II 391 1.00 (ref) 1.00 (ref)
Stage III and IV 350 2.67 (1.96–3.67) 1.49 (1.01–2.18)

Perineural invasion
No 543 1.00 (ref) 1.00 (ref)
Yes 198 2.37 (1.73–3.24) 1.49 (1.06–2.10)

Lymph-vascular
invasion

No 600 1.00 (ref) 1.00 (ref)
Yes 141 2.60 (1.87–3.60) 1.85 (1.25–2.73)

Extra-nodal extension
No 649 1.00 (ref) 1.00 (ref)
Yes 92 2.45 (1.66–3.61) 1.20 (0.77–1.88)

CT/MRI
<1.3 times/year 387 1.00 (ref) 1.00 (ref)
>=1.3 times/year 354 1.54 (1.13–2.10) 0.72 (0.51–1.02)

Liver sonogram
<0.66 times/year 386 1.00 (ref) 1.00 (ref)
>=0.66 times/year 355 0.55 (0.40–0.75) 0.87 (0.59–1.27)

Whole body bone scan
<0.50 times/year 401 1.00 (ref) 1.00 (ref)
>=0.50 times/year 340 0.53 (0.39–0.73) 0.75 (0.51–1.10)

PET scan
<0.50 times/year 467 1.00 (ref) 1.00 (ref)
>=0.50 times/year 274 6.76 (4.81–9.50) 5.30 (3.57–7.86)

Clinic visit
<11 visits/year 443 1.00 (ref) 1.00 (ref)
>=11 visits/year 298 2.78 (2.04–3.79) 1.84 (1.29–2.64)

Abbreviations: CT/MRI, computerized tomography/magnetic resonance imaging; PET, positron emission tomography; HR, hazard ratio;
CI, confidence interval.

We then divided our patients according to pathological stage (early-stage, late-stage)
and age (younger than 54 years, 54 years or older), further Cox proportional models using
the same variables were performed. In early-stage patients, age, lymph-vascular invasion,
and PET were significant prognostic factors in the multivariate analysis (Table 4). Moreover,
lymph-vascular invasion, CT/MRI, PET, and clinic visit were significant prognostic factors
in the multivariate analysis in late-stage patients (Table 5). In younger patients, peri-neural
invasion, lymph-vascular invasion, and PET were significant prognostic factors in the
multivariate analysis (Table 6). Furthermore, CT/MRI, liver sonogram, PET, and clinic
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visits were significant prognostic factors in the multivariate analysis of elder patients
(Table 7). Our study found most of the patients with second primary were 54 years or older
in the current study (>=54 years: 85 out of 393, 21.6% vs. <54 years: 51 out of 348, 14.7%,
respectively, p = 0.019). In addition, most of the loco-regional recurrence was found in
late-stage patients (early-stage: 87 out of 391, 22.3% vs. late-stage: 146 out of 350, 41.7%,
respectively, p < 0.001)

Table 4. Factors associated with disease-specific survival in early-stage oral cavity cancer patients.

Variables No. of Patients (n = 391)
Univariate Multivariate

HR (95% CI) HR (95% CI)

Gender
Female 47 1.00 (ref) 1.00 (ref)
Male 344 5.49 (0.76–39.83) 4.05 (0.55–29.75)

Age
<54 years 185 1.00 (ref) 1.00 (ref)
>=54 years 206 1.00 (0.61–1.64) 1.80 (1.06–3.07)

Perineural invasion
No 336 1.00 (ref) 1.00 (ref)
Yes 55 2.15 (1.23–3.74) 1.55 (0.86–2.79)

Lymph-vascular
invasion

No 377 1.00 (ref) 1.00 (ref)
Yes 14 2.38 (0.95–6.00) 3.15 (1.21–8.24)

CT/MRI
<1.3 times/year 239 1.00 (ref) 1.00 (ref)
>=1.3 times/year 152 1.87 (1.14–3.05) 1.25 (0.71–2.22)

Liver sonogram
<0.66 times/year 194 1.00 (ref) 1.00 (ref)
>=0.66 times/year 197 0.73 (0.45–1.19) 0.65 (0.32–1.32)

Whole body bone scan
<0.50 times/year 201 1.00 (ref) 1.00 (ref)
>=0.50 times/year 190 0.79 (0.48–1.29) 1.11 (0.56–2.19)

PET scan
<0.50 times/year 290 1.00 (ref) 1.00 (ref)
>=0.50 times/year 101 5.09 (3.10–8.35) 4.73 (2.73–8.18)

Clinic visit
<11 visits/year 266 1.00 (ref) 1.00 (ref)
>=11 visits/year 125 2.18 (1.33–3.57) 1.67 (0.97–2.88)

Abbreviations: CT/MRI, computerized tomography/magnetic resonance imaging; PET, positron emission tomography; HR, hazard ratio;
CI, confidence interval.

Table 5. Factors associated with disease-specific survival in late-stage oral cavity cancer patients.

Variables No. of Patients (n = 350)
Univariate Multivariate

HR (95% CI) HR (95% CI)

Gender
Female 39 1.00 (ref) 1.00 (ref)
Male 311 1.35 (0.68–2.68) 0.99 (0.48–2.05)

Age
<54 years 163 1.00 (ref) 1.00 (ref)
>=54 years 187 0.93 (0.63–1.37) 1.21 (0.80–1.83)
Perineural invasion

No 207 1.00 (ref) 1.00 (ref)
Yes 143 1.72 (1.16–2.55) 1.20 (0.78–1.85)

Lymph-vascular
invasion

No 223 1.00 (ref) 1.00 (ref)
Yes 127 1.65 (1.12–2.44) 1.59 (1.05–2.43)
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Table 5. Cont.

Variables No. of Patients (n = 350)
Univariate Multivariate

HR (95% CI) HR (95% CI)

Extra-nodal extension
No 258 1.00 (ref) 1.00 (ref)
Yes 92 1.61 (1.06–2.45) 1.38 (0.87–2.18)

CT/MRI
<1.3 times/year 148 1.00 (ref) 1.00 (ref)
>=1.3 times/year 202 1.02 (0.69–1.52) 0.55 (0.36–0.84)

Liver sonogram
<0.66 times/year 192 1.00 (ref) 1.00 (ref)
>=0.66 times/year 158 0.49 (0.33–0.74) 0.87 (0.55–1.37)

Whole body bone scan
<0.50 times/year 200 1.00 (ref) 1.00 (ref)
>=0.50 times/year 150 0.41 (0.27–0.62) 0.62 (0.38–1.00)

PET scan
<0.50 times/year 177 1.00 (ref) 1.00 (ref)
>=0.50 times/year 173 6.45 (3.90–10.66) 5.15 (2.91–9.12)

Clinic visit
<11 visits/year 177 1.00 (ref) 1.00 (ref)
>=11 visits/year 173 2.55 (1.69–3.85) 1.94 (1.21–3.12)

Abbreviations: CT/MRI, computerized tomography/magnetic resonance imaging; PET, positron emission tomography; HR, hazard ratio;
CI, confidence interval.

Table 6. Factors associated with disease-specific survival in younger oral cavity cancer patients.

Variables
No. of Patients

(n = 348)
Univariate Multivariate

HR (95% CI) HR (95% CI)

Gender
Female 28 1.00 (ref) 1.00 (ref)
Male 320 1.97 (0.62–6.24) 1.20 (0.36–3.95)

Pathological stage
Stage I and II 185 1.00 (ref) 1.00 (ref)
Stage III and IV 163 2.59 (1.69–3.97) 1.37 (0.81–2.34)

Perineural invasion
No 247 1.00 (ref) 1.00 (ref)
Yes 101 3.03 (2.00–4.60) 2.09 (1.33–3.29)

Lymph-vascular invasion
No 276 1.00 (ref) 1.00 (ref)
Yes 72 3.61 (2.34–5.57) 2.29 (1.32–3.96)

Extra-nodal extension
No 305 1.00 (ref) 1.00 (ref)
Yes 43 2.76 (1.62–4.71) 1.19 (0.64–2.21)

CT/MRI
<1.3 times/year 170 1.00 (ref) 1.00 (ref)
>=1.3 times/year 178 1.76 (1.15–2.69) 0.91 (0.57–1.45)

Liver sonogram
<0.66 times/year 175 1.00 (ref) 1.00 (ref)
>=0.66 times/year 173 0.69 (0.46–1.05) 1.42 (0.83–2.44)

Whole body bone scan
<0.50 times/year 185 1.00 (ref) 1.00 (ref)
>=0.50 times/year 163 0.46 (0.30–0.71) 0.69 (0.39–1.22)

PET scan
<0.50 times/year 202 1.00 (ref) 1.00 (ref)
>=0.50 times/year 146 7.82 (4.76–12.87) 6.30 (3.52–11.30)

Clinic visit
<11 visits/year 195 1.00 (ref) 1.00 (ref)
>=11 visits/year 153 2.43 (1.58–3.74) 1.32 (0.81–2.14)

Abbreviations: CT/MRI, computerized tomography/magnetic resonance imaging; PET, positron emission tomography; HR, hazard ratio;
CI, confidence interval.
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Table 7. Factors associated with disease-specific survival in elder oral cavity cancer patients.

Variables No. of Patients (n = 393)
Univariate Multivariate

HR (95% CI) HR (95% CI)

Gender
Female 58 1.00 (ref) 1.00 (ref)
Male 335 1.74 (0.80–3.80) 1.25 (0.56–2.78)

Pathological stage
Stage I and II 206 1.00 (ref) 1.00 (ref)
Stage III and IV 187 2.82 (1.76–4.53) 1.53 (0.86–2.72)

Perineural invasion
No 296 1.00 (ref) 1.00 (ref)
Yes 97 1.72 (1.05–2.84) 0.97 (0.55–1.72)

Lymph-vascular invasion
No 324 1.00 (ref) 1.00 (ref)
Yes 69 1.73 (1.03–2.90) 1.39 (0.77–2.51)

Extra-nodal extension
No 344 1.00 (ref) 1.00 (ref)
Yes 49 2.18 (1.24–3.83) 1.61 (0.82–3.14)

CT/MRI
<1.3 times/year 217 1.00 (ref) 1.00 (ref)
>=1.3 times/year 176 1.34 (0.85–2.12) 0.52 (0.30–0.91)

Liver sonogram
<0.66 times/year 211 1.00 (ref) 1.00 (ref)
>=0.66 times/year 182 0.42 (0.26–0.67) 0.56 (0.32–0.98)

Whole body bone scan
<0.50 times/year 216 1.00 (ref) 1.00 (ref)
>=0.50 times/year 177 0.63 (0.40–1.00) 0.78 (0.45–1.36)

PET scan
<0.50 times/year 265 1.00 (ref) 1.00 (ref)
>=0.50 times/year 128 6.26 (3.85–10.17) 4.85 (2.69–8.75)

Clinic visit
<11 visits/year 248 1.00 (ref) 1.00 (ref)
>=11 visits/year 145 3.35 (2.13–5.29) 2.60 (1.49–4.54)

Abbreviations: CT/MRI, computerized tomography/magnetic resonance imaging; PET, positron emission tomography; HR, hazard ratio;
CI, confidence interval.

Regarding the salvage treatments performed in 233 relapsing patients, near half of
them underwent surgery plus chemotherapy (n = 113, 48.5%), followed by surgery plus
radiotherapy (n = 66, 28.3%), and chemo-radiotherapy (n = 39, 16.7%). Twelve patients
received chemotherapy only (5.2% while 3 patients underwent surgery only (1.3%).

4. Discussion

This is the first study on post-treatment surveillance of oral cavity cancer patients
from a betel quid-prevalent region. Our study found the frequency of imaging studies,
with the exception of PET scan, was not associated with the prognosis of oral cavity cancer
patients after comprehensive treatment. In the current study, oral cavity cancer patients
receiving frequent PET scans had a poor prognosis when compared to those receiving
PET scans less frequently. There was no study addressing the relationship between the
frequency of PET scan and survival of oral cavity cancer patients. Only one previous
study found a negative PET scan done at the 3- to 6-month window was associated
with a better survival at 2 years [16]. In Taiwan, National Health Insurance covers PET
scans only when there is a suspicion of malignant tumor recurrence. Moreover, PET scan
cannot be used as an initial staging or routine follow-up study. This may explain why
PET scan was related to a worse outcome in our population. Previous studies found
that routine image surveillance after treatment did not improve survival of gastric and
pancreatic cancer [17], renal cell carcinoma [18], lung cancer [19], colorectal cancer [20], as
well as head and neck cancer [9,10,13]. The result of the current study was comparable
with the abovementioned reports. Our result indicated that patients underwent neck
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dissection especially bilateral neck dissection had a higher rate of local recurrence. In
addition, patients received adjuvant treatment especially chemo-radiotherapy had a higher
possibility of local recurrence. Patients receiving neck dissection were considered to have
an advanced clinical stage. Moreover, patients with advanced stage or adverse pathological
feature would undergo adjuvant treatment. This could explain why patients undergoing
neck dissection and adjuvant treatment have a higher loco-regional recurrence rate.

However, our analysis of late-stage patients, found frequent CT/MRI could reduce
the risk of death. In addition, more CT/MRI scans was associated with a better outcome
as well as a greater number of liver sonograms in elder patients. Borsetto et al., found
that recurrence was significantly higher for late-stage than for early-stage head and neck
patients in the first year after surgery (20.4% versus 10.0%; p < 0.01), especially in oral
cavity cancer patients [21]. Another study indicated that clinical and radiologic surveillance
detected more recurrence/second primary cancer than symptom-driven monitoring [10].
This might be the reason why more imaging studies could improve outcomes in late-stage
oral cavity cancer patients in our study. In addition, it was estimated that 23% of head and
neck cancer patients died of a second primary [9]. As most of the patients with second
primary were 54 years or older in the current study, this probably explains why frequent
CT/MRI scans and liver sonograms might detect second primary cancers earlier and may
reduce the risk of mortality.

In the current study, most of the loco-regional recurrence was symptom-driven
(n = 187, 80.3%), while 46 patients (19.7%) were found during routine imaging study.
Imbimbo et al., in their study on radiological follow-up of head and neck cancer patients
found that nearly 70% of recurrences were clinically and/or radiologically discovered [10].
The differences might be explained by the fact that our study included all stages of oral
cavity cancer patients, whereas the abovementioned study included late-stage head and
neck cancer patients. In the current study, most of the loco-regional recurrence was found in
late-stage patients. As there was still a certain portion of loco-regional recurrence detected
by routine image study, this might be another reason why frequent CT/MRI scans could
improve the prognosis of late-stage oral cavity cancer patients.

Previous studies found that there was no statistical significance between the frequency
of clinic visits and survival in gastric cancer [22], breast cancer [9], as well as head and
neck cancer [9,13]. Our study found that frequent clinic visits were correlated with a worse
outcome. The possible explanation might be due to different kinds of cancer patients
were included for analysis in varies studies. In addition, diverse healthcare systems and
different cultural backgrounds might also be the reasons. It was reported that there was no
survival benefit in specialist-led follow-up when compared with non-specialist-led follow-
up in breast cancer, colorectal cancer, endometrial cancer, ovarian cancer, cervical cancer,
melanoma cancer, and esophageal cancer patients [23]. As all our patients were followed
up at our clinic, no such data could be compared. Although we derived our follow-up
protocol from the NCCN guidelines, a previous study demonstrated that routine follow up
after 3 years is questionable as recurrent disease beyond 3 years was very rare [24].

The limitations of the current study were as follows. First, this was a single institute
study, and the external validity of our findings was insufficient. Second, the study design
was retrospective, and therefore it was not bias-free. Thirdly, the recruitment period
was long and the average follow-up varied greatly among patients. Lastly, although the
therapeutic guidelines are standardized in our institute, individual differences among
surgeons were uncontrolled.

5. Conclusions

According to the results of the current study, we recommend that routine image
surveillance should be arranged in late-stage and elder oral cavity cancer patients. However,
the optimal follow-up protocol and frequency of image surveillance for oral cavity cancer
patients is still debatable. Further prospective study is warranted to clarify the relationship
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between frequency of imaging studies and survival of oral cavity cancer patients. Further
comparative studies are also crucial to compare the efficacy of different protocols.

Author Contributions: Conceptualization, S.-A.L. and Y.-C.T.; Data Acquisition, S.-A.L., C.-C.W. and
R.-S.J.; Formal Analysis, S.-A.L., C.-C.W., R.-S.J. and Y.-C.T.; Methodology, Y.-C.T.; Writing—Original
Draft, S.-A.L. Writing—Review and Editing, C.-C.W., R.-S.J. and Y.-C.T. All authors have read and
agreed to the published version of the manuscript.

Funding: The study was supported by grants from the Taichung Veterans General Hospital (TCVGH-
1097006C) and grants from the Ministry of Science and Technology, Taiwan, Republic of China (MOST
107-2314-B-075A-006).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and was reviewed and approved by the Institutional Review Board (IRB) of
Taichung Veterans General Hospital (TCVGH) (date: 15 April 2021, approval number: IRB TCVGH
No: CE21097B).

Informed Consent Statement: Informed consent was exempted by the IRB of TCVGH as the treat-
ment had been completed and no interventional procedure was given. The confidential data is
well-protected during studied period.

Data Availability Statement: Data is contained within the article.

Acknowledgments: The authors thank the Biostatistics Task Force of Taichung Veterans General
Hospital for assisting with the statistical analysis.

Conflicts of Interest: The authors declare that they have no competing interests.

References
1. Korenstein, D.; Falk, R.; Howell, E.A.; Bishop, T.; Keyhani, S. Overuse of health care services in the United States: An understudied

problem. Arch. Intern. Med. 2012, 172, 171–178. [CrossRef] [PubMed]
2. Smith, M.; Saunders, R.; Stuckhardt, L.; McGinnis, J.M. (Eds.) Committee on the Learning Health Care System in America;

Institute of Medicine. In Best Care at Lower Cost: The Path to Continuously Learning Health Care in America; National Academies
Press (US): Washington, DC, USA, 2013. [CrossRef]

3. Tung, Y.C.; Li, G.H.; Chang, H.Y. External Validation of and Factors Associated with the Overuse Index: A Nationwide
Population-Based Study from Taiwan. J. Gen. Intern. Med. 2021, 36, 438–446. [CrossRef]

4. Baxi, S.S.; Kale, M.; Keyhani, S.; Roman, B.R.; Yang, A.; Derosa, A.P.; Korenstein, D. Overuse of Health Care Services in the
Management of Cancer: A Systematic Review. Med. Care 2017, 55, 723–733. [CrossRef] [PubMed]

5. Schnipper, L.E.; Lyman, G.H.; Blayney, D.W.; Hoverman, J.R.; Raghavan, D.; Wollins, D.S.; Schilsky, R.L. American Society of
Clinical Oncology 2013 top five list in oncology. J. Clin. Oncol. 2013, 31, 4362–4370. [CrossRef] [PubMed]

6. Rocque, G.; Blayney, D.W.; Jahanzeb, M.; Knape, A.; Markham, M.J.; Pham, T.; Shelton, J.; Sudheendra, P.; Evans, T. Choosing
Wisely in Oncology: Are We Ready for Value-Based Care? J. Oncol. Pract. 2017, 13, e935–e943. [CrossRef]

7. Liu, S.A.; Wong, Y.K.; Lin, J.C.; Poon, C.K.; Tung, K.C.; Tsai, W.C. Impact of recurrence interval on survival of oral cavity squamous
cell carcinoma patients after local relapse. Otolaryngol. Head Neck Surg. 2007, 136, 112–118. [CrossRef]

8. de Visscher, A.V.; Manni, J.J. Routine long-term follow-up in patients treated with curative intent for squamous cell carcinoma of
the larynx, pharynx, and oral cavity. Does it make sense? Arch. Otolaryngol. Head Neck Surg. 1994, 120, 934–939. [CrossRef]

9. Simcock, R.; Simo, R. Follow-up and Survivorship in Head and Neck Cancer. Clin. Oncol. (R. Coll. Radiol.) 2016, 28, 451–458.
[CrossRef]

10. Imbimbo, M.; Alfieri, S.; Botta, L.; Bergamini, C.; Gloghini, A.; Calareso, G.; Orlandi, E.; Iacovelli, N.A.; Guzzo, M.; Granata, R.;
et al. Surveillance of Patients with Head and Neck Cancer with an Intensive Clinical and Radiologic Follow-up. Otolaryngol. Head
Neck Surg. 2019, 161, 635–642. [CrossRef]

11. Al-Shwaiheen, F.A.; Wang, S.J.; Uzelac, A.; Yom, S.S.; Ryan, W.R. The advantages and drawbacks of routine magnetic resonance
imaging for long-term post-treatment locoregional surveillance of oral cavity squamous cell carcinoma. Am. J. Otolaryngol. 2015,
36, 415–423. [CrossRef]

12. Brands, M.T.; Brennan, P.A.; Verbeek, A.L.M.; Merkx, M.A.W.; Geurts, S.M.E. Follow-up after curative treatment for oral squamous
cell carcinoma. A critical appraisal of the guidelines and a review of the literature. Eur. J. Surg. Oncol. 2018, 44, 559–565. [CrossRef]

13. Szturz, P.; Van Laer, C.; Simon, C.; Van Gestel, D.; Bourhis, J.; Vermorken, J.B. Follow-Up of Head and Neck Cancer Survivors:
Tipping the Balance of Intensity. Front. Oncol. 2020, 10, 688. [CrossRef]

14. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) Head and Neck Cancers, Version 3.2021—27 April 2021.
Available online: https://www.nccn.org/professionals/physician_gls/pdf/head-and-neck.pdf (accessed on 21 November 2021).

15. Baral, R.; Patnaik, S.; Das, B.R. Co-overexpression of p53 and c-myc proteins linked with advanced stages of betel- and tobacco-
related oral squamous cell carcinomas from eastern India. Eur. J. Oral Sci. 1998, 106, 907–913. [CrossRef]

http://doi.org/10.1001/archinternmed.2011.772
http://www.ncbi.nlm.nih.gov/pubmed/22271125
http://doi.org/10.17226/13444
http://doi.org/10.1007/s11606-020-06293-0
http://doi.org/10.1097/MLR.0000000000000734
http://www.ncbi.nlm.nih.gov/pubmed/28498197
http://doi.org/10.1200/JCO.2013.53.3943
http://www.ncbi.nlm.nih.gov/pubmed/24170249
http://doi.org/10.1200/JOP.2016.019281
http://doi.org/10.1016/j.otohns.2006.07.002
http://doi.org/10.1001/archotol.1994.01880330022005
http://doi.org/10.1016/j.clon.2016.03.004
http://doi.org/10.1177/0194599819860808
http://doi.org/10.1016/j.amjoto.2015.01.024
http://doi.org/10.1016/j.ejso.2018.01.004
http://doi.org/10.3389/fonc.2020.00688
https://www.nccn.org/professionals/physician_gls/pdf/head-and-neck.pdf
http://doi.org/10.1046/j.0909-8836.1998.eos106502.x


Int. J. Environ. Res. Public Health 2021, 18, 12596 12 of 12

16. Heineman, T.E.; Kuan, E.C.; St John, M.A. When should surveillance imaging be performed after treatment for head and neck
cancer? Laryngoscope 2017, 127, 533–534. [CrossRef]

17. Chan, D.L.; Cheung, M.; Earle, C.C.; Coburn, N.; Mittmann, N.; Rahman, F.; Liu, N.; Singh, S. Are We Choosing Surveillance
Imaging in Gastric and Pancreatic Cancers Wisely? A Population-Based Study. J. Gastrointest. Cancer. 2020, 51, 189–195. [CrossRef]

18. Dabestani, S.; Beisland, C.; Stewart, G.D.; Bensalah, K.; Gudmundsson, E.; Lam, T.B.; Gietzmann, W.; Zakikhani, P.; Marconi,
L.; Fernandéz-Pello, S.; et al. Intensive Imaging-based Follow-up of Surgically Treated Localised Renal Cell Carcinoma Does
Not Improve Post-recurrence Survival: Results from a European Multicentre Database (RECUR). Eur. Urol. 2019, 75, 261–264.
[CrossRef] [PubMed]

19. Benamore, R.; Shepherd, F.A.; Leighl, N.; Pintilie, M.; Patel, M.; Feld, R.; Herman, S. Does intensive follow-up alter outcome in
patients with advanced lung cancer? J. Thorac. Oncol. 2007, 2, 273–281. [CrossRef] [PubMed]

20. Schoemaker, D.; Black, R.; Giles, L.; Toouli, J. Yearly colonoscopy, liver CT, and chest radiography do not influence 5-year survival
of colorectal cancer patients. Gastroenterology 1998, 114, 7–14. [CrossRef]

21. Borsetto, D.; Sethi, M.; Polesel, J.; Tomasoni, M.; Deganello, A.; Nicolai, P.; Bossi, P.; Fabbris, C.; Molteni, G.; Marchioni, D.; et al.
The risk of recurrence in surgically treated head and neck squamous cell carcinomas: A conditional probability approach. Acta.
Oncol. 2021, 60, 942–947. [CrossRef] [PubMed]

22. Park, C.H.; Park, J.C.; Chung, H.; Shin, S.K.; Lee, S.K.; Cheong, J.H.; Hyung, W.J.; Lee, Y.C.; Noh, S.H.; Kim, C.B. Impact of the
Surveillance Interval on the Survival of Patients Who Undergo Curative Surgery for Gastric Cancer. Ann. Surg. Oncol. 2016, 23,
539–545. [CrossRef]

23. Høeg, B.L.; Bidstrup, P.E.; Karlsen, R.V.; Friberg, A.S.; Albieri, V.; Dalton, S.O.; Saltbæk, L.; Andersen, K.K.; Horsboel, T.A.;
Johansen, C. Follow-up strategies following completion of primary cancer treatment in adult cancer survivors. Cochrane Database
Syst. Rev. 2019, 2019, CD012425. [CrossRef] [PubMed]

24. Kytö, E.; Haapio, E.; Minn, H.; Irjala, H. Critical review of the follow-up protocol for head and neck cancer patients. J. Laryngol.
Otol. 2019, 133, 424–429. [CrossRef] [PubMed]

http://doi.org/10.1002/lary.26268
http://doi.org/10.1007/s12029-019-00235-8
http://doi.org/10.1016/j.eururo.2018.10.007
http://www.ncbi.nlm.nih.gov/pubmed/30318330
http://doi.org/10.1097/01.JTO.0000263708.08332.76
http://www.ncbi.nlm.nih.gov/pubmed/17409797
http://doi.org/10.1016/S0016-5085(98)70626-2
http://doi.org/10.1080/0284186X.2021.1925343
http://www.ncbi.nlm.nih.gov/pubmed/34013838
http://doi.org/10.1245/s10434-015-4866-8
http://doi.org/10.1002/14651858.CD012425.pub2
http://www.ncbi.nlm.nih.gov/pubmed/31750936
http://doi.org/10.1017/S0022215119000811
http://www.ncbi.nlm.nih.gov/pubmed/31006389

	Introduction 
	Materials and Methods 
	Data Sources, Treatment and Follow-Up Protocol 
	Independent/Dependent Variables 
	Statistical Analysis 

	Results 
	Study Population 
	Subgroups Analysis 

	Discussion 
	Conclusions 
	References

