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Abstract
Purpose
No large-scale prospective randomized study with a long-term follow-up period has evaluated the survival outcomes of preconcurrent chemoradiotherapy (CCRT) 18-fluorodeoxyglucose positron emission tomography–computed tomography (18FDG PET–CT) in patients with non–human papillomavirus (HPV)-associated oropharyngeal squamous cell carcinoma (OPSCC).


Patients and Methods
We included patients with stage I–IVA p16-negative OPSCC receiving definitive CCRT and categorized them into two groups according to pre-CCRT 18FDG PET–CT and compared their outcomes: the case group consisted of patients who underwent pre-CCRT 18FDG PET–CT, whereas the comparison group consisted of patients who did not receive pre-CCRT 18FDG PET–CT.

Results
The final cohort consisted of 3942 patients (1663 and 2279 in the case and comparison groups, respectively). According to multivariable Cox regression analysis, pre-CCRT 18FDG PET–CT was not a significant prognostic factor for overall survival in patients with stages I–II of p16-negative OPSCC receiving standard CCRT. The adjusted hazard ratio (95% confidence interval) of all-cause death for the patients with advanced stages (III–IVA) of p16-negative OPSCC receiving pre-CCRT 18FDG PET–CT was 0.75 (0.87–0.94, P = 0.0236).

Conclusions
Routine use of pre-CCRT 18FDG PET–CT is not necessary for each patient with p16-negative OPSCC. Pre-CCRT 18FDG PET–CT is associated with improved survival in patients with stage III–IVA p16-negative OSCC, but might be not in those with stage I–II p16-negative OPSCC.

Condensed abstract
No large-scale prospective randomized study with a long-term follow-up period has evaluated the survival outcomes of preconcurrent chemoradiotherapy (CCRT) 18-fluorodeoxyglucose positron emission tomography–computed tomography (18FDG PET–CT) in patients with p16-negative oropharyngeal squamous cell carcinoma (OPSCC). Our study is the first, largest, homogenous modality study on PET–CT including a long-term follow-up cohort to examine the survival outcomes of pre-CCRT 18FDG PET–CT or non-pre-CCRT PET–CT for patients with p16-negative OPSCC receiving standard CCRT stratified by different clinical stages. Routine use of pre-CCRT 18FDG PET–CT is not necessary for each patient with p16-negative OPSCC. Pre-CCRT 18FDG PET–CT is associated with improved survival in patients with stage III–IVA p16-negative OPSCC, but might be not in those with stage I–II p16-negative OPSCC.
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Introduction
Oropharyngeal squamous cell carcinoma (OPSCC) is a relatively uncommon malignancy, with approximately 123,000 cases of oropharyngeal and hypopharyngeal cancer being diagnosed and approximately 79,000 deaths occurring worldwide each year [1]. In Taiwan, OPSCC is the third leading form of head and neck cancer and the third leading cause of head and neck cancer–related deaths [2]. Human papillomavirus (HPV) infection is associated with the development of OPSCC [3]. Biomarkers commonly used in clinical practice include p16 expression (determined through immunohistochemistry) and HPV 16 viral load (detected through real-time polymerase chain reaction) [3,4]. Patients with p16-positive OPSCC as HPV-associated OPSCC typically have more favorable prognosis than do those with p16-negative (non-HPV-associated) OPSCC [5]. Thus, improving the overall survival (OS) of patients with p16-negative OPSCC has become increasingly crucial because of its poorer survival outcomes compared with p16-positive OPSCC [5,6].
18-Fluorodeoxyglucose (18FDG) positron emission tomography (PET) and integrated 18FDG PET–computed tomography (18FDG PET–CT) have replaced other modalities for the detection of distant metastases and synchronous second primary tumors [7,8]. However, false-positive findings are common, highlighting the need to histologically confirm any sites of abnormal uptake [9,10]. 18FDG PET–CT is sensitive and superior for the evaluation of deep lesions, whereas panendoscopy is highly accurate for the evaluation of smaller or more superficial second primary mucosal lesions [9,11,12]. Therefore, 18FDG PET–CT and direct mucosal inspection play crucial complimentary roles in the diagnosis of head and neck cancers [13].
Early-stage OPSCC can be treated with either primary surgery or definitive radiotherapy (RT) plus chemotherapy or not as a therapeutic modality [14,15]. Definitive RT and primary surgery yield similar rates of local control and survival for early-stage OPSCC [15]. According to the National Comprehensive Cancer Network (NCCN) guidelines (Category 2B), some physicians recommend concurrent RT (CCRT) for patients with early-stage OPSCC [14]. Intensity-modulated RT (IMRT) to the primary tumor and regional lymph nodes is the optimal RT technique [14]. Functional organ preservation approaches utilizing the combination of chemotherapy and RT, that is, CCRT, without surgery are more commonly used for advanced stages of OPSCC [16,17]. Imaging studies (computed tomography [CT], magnetic resonance imaging [MRI], PET, and integrated PET–CT) are crucial to assess the degree of local infiltration, the involvement of regional lymph nodes, and the presence of distant metastases or second primary tumors [13,18,19]. The evaluation of regional lymph nodes has considerably improved with the development of imaging modalities such as integrated PET–CT [20].
The role of a routine 18FDG PET–CT scan in the staging of patients with p16-negative OPSCC remains unclear. 18FDG PET–CT imaging is indicated for patients with a high risk of metastatic disease, those with equivocal findings on CT or MRI, and those with an increased risk of a second malignancy who would not be undergoing panendoscopy (laryngoscopy, esophagoscopy, or bronchoscopy) [5,10,13,19]. Furthermore, 18FDG PET–CT is beneficial for the restaging of head and neck cancer after initial therapy [21,22]. However, no comparative study with a long-term follow-up has examined the survival benefits of pretreatment 18FDG PET–CT in patients with p16-negative OPSCC receiving CCRT. Therefore, this large-scale retrospective cohort study investigated the benefits of pretreatment 18FDG PET–CT in patients with p16-negative OPSCC.

Patients and methods
Data source and study cohort
From the Taiwan Cancer Registry Database (TCRD), we enrolled patients who had received a diagnosis of p16-negative OPSCC between January 1, 2008, and December 31, 2018. The follow-up duration was from the index date to December 31, 2019. Biomarkers commonly used in clinical practice include p16 expression (determined through immunohistochemistry) and HPV 16 viral load (detected through real-time polymerase chain reaction) [3,4]. Either the HPV 16 viral load or p16 expression status can be used as a marker of HPV infection depending on the institution [23]. Therefore, in our study, p16-negative OPSCC was defined as the absence of p16 expression. The study protocols were reviewed and approved by the Institutional Review Board of Tzu-Chi Medical Foundation (IRB109-015-B). The cancer registry database of the Collaboration Center of Health Information Application contains detailed cancer-related information regarding clinical stages, pathological types, RT doses, RT techniques, and CT regimens used [24–26]. In this study, the diagnoses of enrolled patients were confirmed according to their pathological data and p16 expression status. Patients who had received a diagnosis of OPSCC were confirmed to have no other cancer or distant metastasis.

Selection of cases and controls
Inclusion criteria were having a diagnosis of p16-negative OPSCC, being aged > 20 years, and having American Joint Committee on Cancer (AJCC) clinical stage I–IVA cancer without metastasis. The AJCC 8th edition was used for staging cancer in all patients. Exclusion criteria were having a history of cancer before the diagnosis of OPSCC, metastasis, missing sex data, in situ carcinoma, and nonsquamous cell carcinoma and being aged < 20 years. The index date was the date on which patients received CCRT. In addition, we excluded patients with OPSCC who did not receive any treatment, did not receive concurrent chemotherapy with at least two agents containing platinum [27], did not receive RT with IMRT, did not complete the RT course (< 70 Gy), did not begin standard CCRT within 3 months after diagnosis, or did not receive CCRT (sequential CT and RT). Standard CCRT comprises concurrent chemotherapy with two agents containing platinum and IMRT at a total dose of 70 Gy in daily fractions. All included patients received standard CCRT. Highly conformal external beam RT techniques (such as IMRT) and its iteration (volumetric modulated arc therapy) were allowed in this study. Only 1.63% and 1.77% of patients who received pre-CCRT PET–CT and non-pre-CCRT PET–CT with IMRT, respectively, did not complete the RT course; we excluded these patients. No significant difference in the completion rate of the RT course was observed between the case and control groups. Patients who received stereotactic boost were not included in this study. We included only patients with OPSCC who underwent pre-CCRT PET–CT or non-pre-CCRT PET–CT with IMRT, but not neoadjuvant or adjuvant chemotherapy. In this study, the chemotherapy regimen included only the platinum-based regimen. Finally, patients with AJCC stage I–IVA OPSCC receiving definitive CCRT were enrolled into this study. From the TCRD, we identified patients who underwent 18F-FDG PET–CT within 0 to 90 days before the index date. Patients with a record of 18F-FDG PET–CT were considered to have undergone pretreatment PET–CT, whereas those without records were considered to have not undergone pretreatment PET–CT. All patients in the control group (nonpretreatment 18FDG PET–CT) received head and neck MRI for primary tumor and nodal staging as well as abdominal ultrasound and chest X-ray for metastatic staging. The primary outcome of interest was all-cause death, which was evaluated from the initial date to the date of death. Information on OS was obtained from the Cause of Death database. Patients whose death records could not be found were considered alive, and their data were censored on the last day of the database record (December 31, 2019). To compare their survival outcomes, these patients were categorized into two groups on the basis of pre-CCRT PET–CT: Group 1, comprising those undergoing pre-CCRT PET–CT, and Group 2, comprising those receiving non-pre-CCRT PET–CT.

Study covariates
Comorbidities were scored using the Charlson comorbidity index (CCI).[[[28]]] Only comorbidities observed 12 months before and after the index date were analyzed in this study. Comorbidities were identified according to the main International Classification of Diseases, Tenth Edition, Clinical Modification (ICD-10-CM) diagnosis code in the records for the first admission for OPSCC or more than two repeated main diagnosis codes in the records for outpatient visits. To reduce the effects of potential confounders on the comparison of the survival outcome between the pre-CCRT PET–CT and non-pre-CCRT PET–CT groups, a Cox proportional regression model was adopted. The following confounders were adjusted for in multivariable regression analysis: sex, age, AJCC clinical stage, differentiation, CCI score, diagnosis year, and hospital volume (hospitals with high or low patient volumes; high-volume hospitals were defined as the top 10% of centers by the number of patients treated from 2008 to 2018). Multivariable Cox regression analysis was performed to calculate the hazard ratio (HR) for determining whether sex, age, AJCC clinical stage, differentiation, CCI score, diagnosis year, and hospital volume were significant independent predictors. The independent predictors were controlled for in the analysis, and the endpoint was mortality in the cases and controls, with Group 1 serving as the control arm.

Statistical analysis
The cumulative mortality rate was estimated using the Kaplan–Meier method. Differences between the pre-CCRT PET–CT and non-pre-CCRT PET–CT groups were determined using the log-rank test. After adjustment for confounders, the Cox proportional regression model was used to model the time from the index date to all-cause mortality among the cases and controls. HRs were calculated in multivariate analysis with adjustment for sex, age, AJCC clinical stage, differentiation, CCI score, diagnosis year, and hospital volume. All analyses were performed using SAS (version 9.4; SAS, Cary, NC, USA). Two-tailed P < 0.05 was considered statistically significant.


Results
Study Population
A total of 3942 patients (1663 and 2279 in the pre-CCRT PET–CT and non-pre-CCRT PET–CT groups, respectively) were recruited to this study. Table 1 summarizes the characteristics of the patients. The mean age (standard deviation) of the case and control groups was 54.8 (10.0) and 55.2 (10.5) years, respectively, and their mean follow-up duration was 52.5 and 50.2 months, respectively. The 10-year interval of age was nearly balanced between the two groups (Table 1). No significant differences in sex, age, clinical tumor (cT) stage, cumulative platinum dose, and CCI score were observed between the case and control groups. A higher proportion of the patients in the case group had advanced AJCC stages, advanced clinical nodal (cN) stages, poor differentiation, 2015 to 2018 as diagnosis years, and treatments in hospitals with high patient volumes. The median dose and fraction numbers of RT in both the groups were 70 Gy and 35 fractions, respectively. The mortality rate was 61.0% and 64.5% in the case and control groups, respectively (Table 1).Table 1Demographic characteristics of patients with newly diagnosed p16-negative oropharyngeal squamous cell carcinoma receiving concurrent chemoradiotherapy


	 	Total
N = 3942
	Pre-CCRT PET-CT
N = 1663
	No Pre-CCRT PET-CT
N = 2279
	P value

	n
	(%)
	n
	(%)
	n
	(%)

	Sex

	 Male
	3633
	(92.2)
	1528
	(91.9)
	2105
	(92.4)
	0.5774

	 Female
	309
	(7.8)
	135
	(8.1)
	174
	(7.6)
	 
	Age (years)

	 Mean (SD)
	55.0
	(10.3)
	54.8
	(10.0)
	55.2
	(10.5)
	0.2550

	 Median (Q1–Q3)
	54
	(48–61)
	54
	(47–61)
	54
	(48–61)
	 
	 ≤ 40
	230
	(5.8)
	88
	(5.3)
	142
	(6.2)
	0.2600

	 41–50
	1166
	(29.6)
	514
	(30.9)
	652
	(28.6)
	 
	 51–60
	1517
	(38.5)
	637
	(38.3)
	880
	(38.6)
	 
	 61–70
	700
	(17.8)
	298
	(17.9)
	402
	(17.6)
	 
	 > 70
	329
	(8.3)
	126
	(7.6)
	203
	(8.9)
	 
	AJCC clinical stages

	 I–II
	422
	(10.7)
	168
	(10.1)
	254
	(11.1)
	0.0111

	 III–IVA
	3520
	(89.3)
	1495
	(89.9)
	2025
	(88.9)
	 
	Clinical T stages

	 T1–T2
	1813
	(46.0)
	789
	(47.4)
	1024
	(44.9)
	0.1180

	 T3–T4
	2129
	(54.0)
	874
	(52.6)
	1255
	(55.1)
	 
	Clinical N stages

	 N0–N1
	1251
	(31.7)
	475
	(28.6)
	776
	(34.1)
	0.0003

	 N2–N3
	2691
	(68.3)
	1188
	(71.4)
	1503
	(65.9)
	 
	Differentiation

	 Well
	273
	(4.6)
	91
	(5.5)
	182
	(8.0)
	 < 0.0001

	 Moderate
	2399
	(40.1)
	1007
	(60.6)
	1392
	(61.1)
	 
	 Poor
	1270
	(21.2)
	565
	(33.9)
	705
	(30.9)
	 
	Platinum cumulative dose, mg

	 Mean (SD)
	542.4
	(430.7)
	533.2
	(420.2)
	549.6
	(438.6)
	0.4215

	 Median (Q1–Q3)
	450.0
	(300.0—650.0)
	450.0
	(300.0–650.0)
	450.0
	(300.0–700.0)
	 
	CCI scores

	 Mean (SD)
	0.7
	(1.2)
	0.6
	(1.2)
	0.7
	(1.2)
	0.3871

	 Median (Q1–Q3)
	0
	(0–1)
	0
	(0–1)
	0
	(0–1)
	 
	 0
	2578
	(65.4)
	1096
	(65.9)
	1482
	(65.0)
	0.3818

	 1
	747
	(18.9)
	322
	(19.4)
	425
	(18.6)
	 
	 2+
	617
	(15.7)
	245
	(14.7)
	372
	(16.3)
	 
	Diagnosis year

	 2008–2010
	945
	(24.0)
	308
	(18.5)
	637
	(28.0)
	 < 0.0001

	 2011–2014
	1161
	(29.5)
	448
	(26.9)
	713
	(31.3)
	 
	 2015–2018
	1836
	(46.6)
	907
	(54.5)
	929
	(40.8)
	 
	Hospital volume

	 High patient volume
	2547
	(64.6)
	1106
	(66.5)
	1441
	(63.2)
	0.0336

	 Low patient volume
	1395
	(35.4)
	557
	(33.5)
	838
	(36.8)
	 
	 Mean follow-up time, months (SD)
	40.3
	(34.8)
	52.5
	(33.1)
	50.2
	(36.0)
	 
	 All-cause death
	 	2485
	(63.0)
	1014
	(61.0)
	1471
	(64.5)


PET-CT positron emission tomography–computed tomography, AJCC American Joint Committee on Cancer, TNM tumor node metastasis, cT clinical tumor stage, cN clinical nodal stage, CCI Charlson Comorbidity Index, IQR interquartile range; HPV, human papillomavirus, SD standard deviation, CCRT concurrent chemoradiotherapy




Prognostic factors for OS
According to the findings of the multivariable Cox regression analysis, age > 70 years, male sex, moderate to poor differentiation, advanced AJCC stages III–IVA, CCI score ≥ 1, and treatment in hospitals with low patient volumes were significant poor independent predictors of OS (Table 2). According to the results of both univariable and multivariable Cox regression analyses, the adjusted HR (aHR; 95% confidence interval [CI]) of the pre-CCRT PET–CT group was 0.90 (0.82–1.09, P = 0.4427, Table 2). Moreover, for the significant independent prognostic risk factors for poor OS, the aHRs (95% CIs) were 2.41 (1.97–2.95, P < 0.001) for male sex, 1.23 (1.00–1.52, P = 0.0289) for age > 70 years, 1.04 (1.01–1.32, P < 0.0001) for moderate differentiation, 1.17 (1.08–1.41, P < 0.0001) for poor differentiation, 1.81 (1.53–2.12, P < 0.0001) for AJCC stage III–IVA, 1.10 (1.00–1.22, P = 0.4891) for a CCI score of 1, 1.47 (1.32–1.64, P < 0.0001) for a CCI score of ≥ 2, and 1.27 (1.17–1.38, P < 0.0001) for treatment in hospitals with low patient volumes in the multivariable Cox regression analysis.Table 2Cox proportional hazard regression analysis of the risk of all-cause death in patients with p16-negative oropharyngeal squamous cell carcinoma receiving concurrent chemoradiotherapy


	 	Univariate
	 	 	Multivariate
	 	 
	Variable
	Crude HR
	95% CI
	P value
	aHR*
	95% CI
	P value

	Pre-CCRT PET–CT (No pre-CCRT PET–CT as reference)
	0.95
	(0.88–1.03)
	0.1986
	0.90
	(0.82–1.09)
	0.4427

	Sex

	 Female
	1
	 	 < 0.0001
	1
	 	 < 0.0001

	 Male
	2.67
	(2.19–3.27)
	 	2.41
	(1.97–2.95)
	 
	Age (years)

	 ≤ 40
	1
	 	0.0386
	1
	 	0.0289

	 41–50
	1.03
	(0.76–1.18)
	 	1.09
	(0.76–1.18)
	 
	 51–60
	1.08
	(0.68–1.96)
	 	1.14
	(0.70–1.29)
	 
	 61–70
	1.17
	(0.73–1.25)
	 	1.18
	(0.70–1.31)
	 
	 > 70
	1.52
	(1.25–1.85)
	 	1.23
	(1.00–1.52)
	 
	Differentiation
	 	 	 	 	 	 
	 Well
	1
	 	 < 0.0001
	 	 	 < 0.0001

	 Moderate
	1.02
	(1.00–1.10)
	 	1.04
	(1.01–1.32)
	 
	 Poor
	1.16
	(1.07–1.39)
	 	1.17
	(1.08–1.41)
	 
	AJCC clinical stages

	 I–II
	1
	 	 < 0.0001
	1
	 	 < 0.0001

	 III–IVA
	1.49
	(1.27–1.75)
	 	1.81
	(1.53–2.12)
	 
	CCI Scores
	 	 	 	 	 	 
	 0
	1
	 	 < 0.0001
	1
	 	 < 0.0001

	 1
	1.14
	(1.03–1.27)
	 	1.10
	(1.00–1.22)
	 
	 2+
	1.63
	(1.47–1.81)
	 	1.47
	(1.32–1.64)
	 
	Diagnosis year

	 2008–2010
	1
	 	0.3212
	1
	 	0.1201

	 2011–2014
	0.96
	(0.87–1.06)
	 	0.97
	(0.87–1.07)
	 
	 2015–2018
	0.85
	(0.77–1.04)
	 	0.84
	(0.73–1.04)
	 
	Hospital volume

	 High patient volume
	1
	 	 < 0.0001
	1
	 	 < 0.0001

	 Low patient volume
	1.23
	(1.13–1.33)
	 	1.27
	(1.17–1.38)
	 

PET-CT positron emission tomography–computed tomography; HR, hazard ratio, aHR adjusted hazard ratio, CI confidence interval, AJCC American Joint Committee on Cancer, TNM tumor node metastasis, cT clinical tumor stage, cN clinical nodal stage, CCI Charlson Comorbidity Index, CCRT concurrent chemoradiotherapy, HPV human papillomavirus
*All covariates mentioned in Table 2 were adjusted for




Stratified analysis of clinical stages
The results of the multivariable Cox regression analysis revealed that age > 70 years, male sex, moderate to poor differentiation, CCI score ≥ 1, and treatment in hospitals with low patient volumes were significant poor independent predictors of OS in the patients with early stages (I–II) and advanced stages (III–IVA) of OPSCC (Table 3). Pre-CCRT PET–CT was not a significant prognostic factor for OS in the patients with early stages (I–II) of OPSCC receiving standard CCRT. In the multivariable Cox regression analysis, the aHR (95% CI) of all-cause death for advanced stage III–IVA OPSCC was 0.75 (0.87–0.94, P = 0.0236, Table 3) in the pre-CCRT PET–CT group compared with the non-pre-CCRT PET–CT group.Table 3Cox proportional hazard regression analysis of the risk of all-cause death in patients with oropharyngeal squamous cell carcinoma patients receiving concurrent chemoradiotherapy, stratified by the AJCC clinical stage


	Variable
	Stage I–II
	Stage III–IVA

	aHR*
	95% CI
	P value
	aHR*
	95% CI
	P value

	Pre-CCRT PET-CT (No Pre-CCRT PET-CT as reference)
	1.19
	(0.90–1.43)
	0.1566
	0.75
	(0.87–0.94)
	0.0236

	Sex

	 Female
	1
	 	 < 0.0001
	1
	 	 < 0.0001

	 Male
	3.14
	(1.98–4.98)
	 	2.26
	(1.80–2.82)
	 
	Age (years)
	 	 	 	 	 	 
	 ≤ 40
	1
	 	0.0120
	1
	 	0.0251

	 41–50
	1.01
	(0.52–1.25)
	 	1.02
	(0.75–1.10)
	 
	 51–60
	1.07
	(0.46–1.15)
	 	1.05
	(0.70–1.12)
	 
	 61–70
	1.09
	(0.47–1.27)
	 	1.15
	(0.69–1.24)
	 
	 > 70
	1.16
	(1.07–1.89)
	 	1.23
	(1.08–1.55)
	 
	Differentiation

	 Well
	1
	 	0.0453
	1
	 	 < 0.0001

	 Moderate
	1.01
	(1.00–1.25)
	 	1.03
	(1.01–1.19)
	 
	 Poor
	1.15
	(1.02–1.63)
	 	1.19
	(1.13–1.44)
	 
	AJCC clinical stages

	 I
	1
	 	0.5363
	–
	–
	 
	 II
	1.13
	(0.86–1.50)
	 	–
	–
	 
	 III
	–
	–
	 	1
	 	0.2310

	 IV
	–
	–
	 	1.10
	(0.92–1.35)
	 
	CCI scores

	 0
	1
	 	 < 0.0001
	1
	 	 < 0.0001

	 1
	1.32
	(1.06–1.65)
	 	1.07
	(1.03–1.20)
	 
	 2 + 
	1.80
	(1.43–2.26)
	 	1.43
	(1.27–1.62)
	 
	Diagnosis year

	 2008–2010
	1
	 	0.1471
	1
	 	0.1734

	 2011–2014
	0.91
	(0.74–1.13)
	 	0.99
	(0.88–1.11)
	 
	 2015–2018
	0.72
	(0.58–1.11)
	 	0.84
	(0.74–1.04)
	 
	Hospital volume

	 High patient volume
	1
	 	0.0023
	1
	 	 < 0.0001

	 Low patient volume
	1.34
	(1.11–1.62)
	 	1.27
	(1.16–1.39)
	 

PET-CT positron emission tomography–computed tomography, HR hazard ratio, aHR adjusted hazard ratio, CI confidence interval; AJCC American Joint Committee on Cancer, TNM tumor node metastasis; cT clinical tumor stage, cN clinical nodal stage, CCI Charlson Comorbidity Index, CCRT concurrent chemoradiotherapy, HPV Human Papillomavirus
*All covariates mentioned in Table 2 were adjusted for




Survival curves of case and control groups
Figure 1 shows the Kaplan–Meier curves for the OS outcomes of all stages of OPSCC in the pre-CCRT PET–CT and non-pre-CCRT PET–CT groups. The OS rate was not significantly higher in the patients undergoing either pre-CCRT PET–CT or non-pre-CCRT PET–CT (log-rank test, P = 0.1960). The 5-year OS rates were 43.6% and 41.1% in the pre-CCRT PET–CT and non-pre-CCRT PET–CT groups, respectively. Figure 2 presents the OS curves for the patients with stage I–II OPSCC in the pre-CCRT PET–CT and non-pre-CCRT PET–CT groups. The OS rate was not significantly higher in the patients undergoing either pre-CCRT PET–CT or non-pre-CCRT PET–CT (log-rank test, P = 0.1177). The 5-year OS rates were 52.1% and 50.7% in the pre-CCRT PET–CT and non-pre-CCRT PET–CT groups, respectively. Figure 3 presents the OS curves for the patients with stage III–IVA OPSCC in the pre-CCRT PET–CT and non-pre-CCRT PET–CT groups. The OS rate was significantly higher in the patients undergoing pre-CCRT PET–CT (log-rank test, P = 0.0055). The 5-year OS rates were 42.89% and 36.3% in the pre-CCRT PET–CT and non-pre-CCRT PET–CT groups, respectively.[image: ]
Fig. 1Kaplan–Meier curves of overall survival for patients with all stages of p16-negative oropharyngeal squamous cell carcinoma receiving concurrent chemoradiotherapy
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Fig. 2Kaplan–Meier curves of overall survival for patients with early stages of p16-negative oropharyngeal squamous cell carcinoma receiving concurrent chemoradiotherapy

[image: ]
Fig. 3Kaplan–Meier curves of overall survival for patients with advanced stages of p16-negative oropharyngeal squamous cell carcinoma receiving concurrent chemoradiotherapy




Discussion
According to the NCCN guidelines [14], early or advanced stages of p16-negative OPSCC can be treated with RT alone or CCRT. Routine use of pretreatment PET–CT for p16-negative OPSCC is still under debate. Optimal indications for pretreatment PET–CT remain unclear. In theory, accurate staging is the key step for administering appropriate treatment to patients with head and neck cancers [29]. Pre-CCRT PET–CT might be beneficial for the precise delineation of the target irradiation volume in RT [30], detection of occult metastasis and synchronous primary cancer, and determination of accurate nodal stages [13,18,19]. Furthermore, RT planning with the aid of pre-CCRT PET–CT can more precisely delineate the high radiation dose volume to reduce irradiation to normal tissues, thus resulting in few acute and chronic RT-related side effects, increasing treatment compliance, and improving survival outcomes [31–33]. The aforementioned advantages might result in the long-term survival of patients with OPSCC. However, no comparative study with an adequate sample size and long-term follow-up has examined the survival outcomes of patients with OPSCC undergoing pre-CCRT PET–CT. This is the first comparative study to evaluate the survival benefits of pre-CCRT PET–CT in patients with stage I–IVA p16-negative OPSCC.
Most previous studies have investigated both p16-positive and p16-negative OPSCC [16]. However, the survival outcomes of p16-positive and p16-negative OPSCC are different, although patients receive the same treatments [5,6]. Most patients with p16-positive OPSCC present with locoregionally advanced disease and thus have a more favorable prognosis than do those with p16-negative OPSCC [5,6]. No differences currently exist in the treatment approach, although many prospective clinical trials are investigating treatment de-escalation in HPV associated OPSCC. Therefore, in our study, we excluded patients with p16-positive OPSCC to prevent differences in survival outcomes between p16-positive and p16-negative OPSCC. In both the case and control groups, we included patients with p16-negative OPSCC.
Many studies have reported that PET–CT can be used for determining the response to treatments, including CCRT, or for the detection of recurrence in head and neck cancers [21,22]. However, few studies have evaluated whether pretreatment PET–CT is associated with improved survival in OPSCC. A recent study reported that the utilization of pretreatment 18F-FDG PET for the staging of nonmetastatic esophageal malignancy was associated with a lower risk of death, even after adjustment for age, stage, histology, and tumor location [34]. Routine use of pretreatment PET–CT might be unnecessary for each patient with OPSCC receiving CCRT. The present study indicated the survival benefit of pre-CCRT PET–CT in the patients with nonmetastatic p16-negative OPSCC receiving CCRT; this finding is similar to that of a previous study reporting improved survival in patients with nonmetastatic esophageal malignancy after pretreatment 18F-FDG PET [34]. The results of our study can be used to develop future health policies and health insurance payment standards in terms of imaging and treatment modalities for patients with OPSCC.
Compared with the control group, more patients in the case group had advanced AJCC stages, advanced cN stages, and poor differentiation, which were identified as poor prognostic factors for OS. Despite the presence of more poor prognostic factors for survival in the PET–CT group, the crude mortality rates of the pre-CCRT PET–CT and non-pre-CCRT PET–CT groups were 61.0% and 64.5%, respectively (Table 1). The utilization of pre-CCRT 18F-FDG PET–CT in the patients with nonmetastatic p16-negative OPSCC was associated with a lower risk of death after adjustment for sex, age, AJCC clinical stage, differentiation, CCI score, diagnosis year, and hospital volume. Because of the presence of more factors for poor OS in the PET–CT group, the survival benefit might be underestimated in this group. Thus, our study findings regarding the use of pre-CCRT PET–CT for improving the OS of patients with p16-negative OPSCC would not be overturned.
In the multivariable analysis, we observed that age > 70 years [35], male sex [36], moderate to poor differentiation [37], advanced AJCC stages III–IVA [38], CCI score ≥ 1 [39], and treatment in hospitals with low patient volumes[40] were independent poor prognostic factors for the patients with p16-negative OPSCC receiving CCRT; this finding is similar to those of previous studies[35–39] including patients with heterogeneous head and neck squamous cell carcinoma such as oral cavity cancer, OPSCC, laryngeal cancer, and hypopharyngeal cancer. This is the first study to identify independent prognostic factors for OS for patients with p16-negative OPSCC receiving CCRT. Torabi et al. reported that patients with head and neck squamous cell carcinoma who received treatment at hospitals with high patient volumes tended to have prolonged survival than did those who received treatment in hospitals with low patients volumes [40]. Although some studies have reported that patients with other head and neck cancers receiving treatment at hospitals with high patient volumes appeared to have improved survival [41–43], this is the first study to identify receiving treatment in hospitals with low patient volumes as a prognostic factor for OS in patients with p16-negative OPSCC receiving CCRT. This finding may be due to differences in clinical practice, chemotherapy delivery, and RT techniques between hospitals with low and high patient volumes [40–43].
As shown in Table 3, compared with non-pre-CCRT PET–CT, pre-CCRT PET–CT did not improve OS in the patients with stage I–II p16-negative OPSCC receiving CCRT. This finding might be attributable to the risk of occult neck metastases in the patients with early-stage (T1/T2) OPSCC and a clinically negative neck [44,45]. Thus, the elective treatment of the neck should be strongly considered [44,45]. Elective treatment of the neck can be achieved through neck irradiation. This approach is generally consistent with the guidelines of the American Society of Clinical Oncology and the NCCN [14,46]. Thus, elective neck irradiation (approximately 50 Gy) for stage I–II OPSCC is routinely used [47], irrespective of the use of PET–CT. For advanced stages of OPSCC, PET–CT can accurately detect cervical nodal or distant metastases [13,18,19] and thus prevent undertreatment with low-dose irradiation (< 70 Gy) to gross lymph node metastasis detected through PET–CT or overtreatment of OPSCC with distant metastasis. PET–CT is beneficial for detecting distant metastases, unknown primary lesions, and synchronous second primary tumors as well as for altering radiation fields and doses in patients not undergoing neck dissection [7–9]. Thus, the use of PET–CT for patients with advanced stages (III–IVA) of OPSCC receiving CCRT is beneficial for OS because it enables more accurate staging and optimal treatment, can determine accurate target volumes for RT and precisely delineate RT fields, and enables the early detection of second primary cancer with synchronous treatment [7–9,13,18,19]. PET imaging alone or in combination with CT improved the tumor–node–metastasis staging of primary cancer and altered management in 13.7% of patients [13]; thus, more accurate staging was associated with more precise treatment [10]. In addition, 18FDG-PET–CT findings can facilitate radiotherapy planning [48] by allowing the determination of precise irradiated target volume and accurate delineation of gross tumor volume to be irradiated, thereby lowering RT-related toxicity [49–51]. CCRT is the mainstay of initial treatment for patients with early and locoregionally advanced OPSCC [52]; therefore, pretreatment 18FDG-PET–CT could help with more precise RT planning and accurate staging for optimal OPSCC treatment matching [48]. This is the first study to demonstrate an association of pre-CCRT PET–CT with improved OS in patients with advanced stages (III–IVA) of OPSCC. Routine use of pre-CCRT PET–CT is not suggested for each patient with p16-negative OPSCC because PET–CT was not associated with improved OS in the patients with stage I–II p16-negative OPSCC in this study. This is the first study to demonstrate that pre-CCRT PET–CT improved OS in the patients with stage III–IVA OPSCC, but might be not in those with stage I–II OPSCC. These findings can guide physicians and patients for shared decision-making regarding undergoing expensive imaging modalities such as PET–CT.
The strength of our study is that it is the first largest homogenous modality study on PET–CT including a long-term follow-up cohort to examine the survival outcomes of pre-CCRT 18FDG PET–CT or non-pre-CCRT PET–CT in patients with OPSCC receiving standard CCRT stratified by different clinical stages. No comparative study has investigated the outcomes of 18FDG PET–CT by different clinical stages and has included a sufficient sample size and a long-term follow-up period. Pre-CCRT 18FDG PET–CT was associated with survival benefits only for patients with stage III–IVA p16-negative OPSCC, with no associated with the survival benefits in those with stage I–II p16-negative OPSCC. Our results suggest that pre-CCRT 18FDG PET–CT is unnecessary for each patient with OPSCC. Thus, we do not recommend 18FDG PET–CT for every patient with OPSCC. Pretreatment 18FDG PET–CT should be used only for patients with stage III–IVA OPSCC (Table 3 and Fig. 3). Our findings can be incorporated into national health policies to reduce unnecessary medical expenditure. Our results should be considered in future clinical practice and prospective clinical trials.
This study has some limitations. First, because all the patients with p16-negative OPSCC were enrolled from an Asian population, the corresponding ethnic susceptibility compared with that of a non-Asian population remains unclear; hence, our results should be cautiously extrapolated to non-Asian populations. However, no evidence indicates differences in the survival outcomes of patients with p16-negative OPSCC receiving CCRT between Asian and non-Asian populations. Second, the toxicity scores have not been available in the TCRD. Third, the diagnoses of all comorbidities were based on ICD-10-CM codes. However, the combination of the TCRD and National Health Insurance Research Database in Taiwan appears to be a valid resource for population research on cardiovascular disease, stroke, or chronic comobidities [53–55]. Moreover, the Taiwan Cancer Registry Administration randomly reviews charts and interviews patients to verify the accuracy of diagnoses, and hospitals with outlier chargers or practices may be audited and subsequently heavily penalized if malpractice or discrepancies are identified. To obtain crucial information on population specificity and disease occurrence, a large-scale randomized trial comparing carefully selected patients undergoing suitable treatments is essential. However, performing randomized controlled trials in daily practice might be difficult because not administering PET–CT to patients with advanced stages of OPSCC for their inclusion in the control group would be unethical. Despite these limitations, a major strength of this study is the use of a nationwide population-based registry with detailed baseline and treatment information. Lifelong follow-up was possible through the linkage of the registry with the national Cause of Death database. Considering the magnitude and statistical significance of the observed effects in the current study, the limitations are unlikely to affect our conclusions.

Conclusions
Routine use of pre-CCRT 18FDG PET–CT is not necessary for every patient with p16-negative OPSCC. Pre-CCRT 18FDG PET–CT is associated with improved survival in patients with stage III–IVA p16-negative OSCC, but might be not in those with stage I–II p16-negative OPSCC.

Acknowledgements
Lo-Hsu Medical Foundation, LotungPoh-Ai Hospital, supports Szu-Yuan Wu’s work (Funding Numbers: 110908, 10909, 11001, 11002, 11003, 11006. The data sets supporting the study conclusions are included in the manuscript.

Author contributions
Conception and Design: Tsung-Ming Chen, MD; Wan-Ming Chen, MS, PhD; Mingchih Chen, PhD; Ben-Chang Shia, PhD; Szu-Yuan Wu, MD, MPH, PhD. Financial Support: Lo-Hsu Medical Foundation, LotungPoh-Ai Hospital, supports Szu-Yuan Wu’s work (Funding Number: 10908, 10,909, 11,001, 11,002, 11,003, 11,006, and 11,013). Collection and Assembly of Data: Tsung-Ming Chen, MD; Wang-Ming Chen, MS; Ben-Chang Shia, PhD; Szu-Yuan Wu, MD, MPH, PhD. Data Analysis and Interpretation: Tsung-Ming Chen, MD; Wang-Ming Chen, MS; Ben-Chang Shia, PhD; Szu-Yuan Wu, MD, MPH, PhD. Administrative Support: Szu-Yuan Wu*. Manuscript Writing: Tsung-Ming Chen, MD. All authors read and approved the final manuscript.

Funding
Lo-Hsu Medical Foundation, LotungPoh-Ai Hospital, supports Szu-Yuan Wu’s work (Funding Number: 10908, 10909, 11001, 11002, 11003, 11006.

Availability of data and materials
We used data from the National Health Insurance Research Database and Taiwan Cancer Registry database. The authors confirm that, for approved reasons, some access restrictions apply to the data underlying the findings. The data used in this study cannot be made available in the manuscript, the supplemental files, or in a public repository due to the Personal Information Protection Act executed by Taiwan’s government, starting in 2012. Requests for data can be sent as a formal proposal to obtain approval from the ethics review committee of the appropriate governmental department in Taiwan. Specifically, links regarding contact info for which data requests may be sent to are as follows: http://​nhird.​nhri.​org.​tw/​en/​Data_​Subsets.​html#S3 and http://​nhis.​nhri.​org.​tw/​point.​html.

Declarations
Ethics approval and consent to participate
The study protocols were reviewed and approved by the Institutional Review Board of Tzu-Chi Medical Foundation (IRB109-015-B). We used data from the National Health Insurance Research Database and Taiwan Cancer Registry database. The authors confirm that, for approved reasons, some access restrictions apply to the data underlying the findings. The data used in this study cannot be made available in the manuscript, the supplemental files, or in a public repository due to the Personal Information Protection Act executed by Taiwan’s government, starting in 2012. Requests for data can be sent as a formal proposal to obtain approval from the ethics review committee of the appropriate governmental department in Taiwan. Specifically, links regarding contact info for which data requests may be sent to are as follows: http://​nhird.​nhri.​org.​tw/​en/​Data_​Subsets.​html#S3 and http://​nhis.​nhri.​org.​tw/​point.​html.

Consent for publication
Authors provide a full Transfer of Copyright to Journal of Otolaryngology-Head & Neck Surgery.

Competing interests
No Competing interests.


References
	1.
Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA Cancer J Clin. 2005;55(2):74–108.PubMed

	2.
Health Promotion Administration MoHaW: Taiwan Cancer Registry Annual Report. 2018.

	3.
Vokes EE, Agrawal N, Seiwert TY. HPV-associated head and neck cancer. J Natl Cancer Inst. 2015;107(12):djv344.PubMed

	4.
Balachandra S, Kusin SB, Lee R, Blackwell JM, Tiro JA, Cowell LG, Chiang CM, Wu SY, Varma S, Rivera EL, et al. Blood-based biomarkers of human papillomavirus-associated cancers: a systematic review and meta-analysis. Cancer. 2021;127(6):850–64.PubMed

	5.
Johnson DE, Burtness B, Leemans CR, Lui VWY, Bauman JE, Grandis JR. Head and neck squamous cell carcinoma. Nat Rev Dis Primers. 2020;6(1):92.PubMedPubMedCentral

	6.
Husain N, Neyaz A. Human papillomavirus associated head and neck squamous cell carcinoma: Controversies and new concepts. J Oral Biol Craniofac Res. 2017;7(3):198–205.PubMedPubMedCentral

	7.
Kim SY, Roh JL, Yeo NK, Kim JS, Lee JH, Choi SH, Nam SY. Combined 18F-fluorodeoxyglucose-positron emission tomography and computed tomography as a primary screening method for detecting second primary cancers and distant metastases in patients with head and neck cancer. Ann Oncol. 2007;18(10):1698–703.PubMed

	8.
Brouwer J, Senft A, de Bree R, Comans EF, Golding RP, Castelijns JA, Hoekstra OS, Leemans CR. Screening for distant metastases in patients with head and neck cancer: is there a role for (18)FDG-PET? Oral Oncol. 2006;42(3):275–80.PubMed

	9.
Schmid DT, Stoeckli SJ, Bandhauer F, Huguenin P, Schmid S, von Schulthess GK, Goerres GW. Impact of positron emission tomography on the initial staging and therapy in locoregional advanced squamous cell carcinoma of the head and neck. Laryngoscope. 2003;113(5):888–91.PubMed

	10.
Fleming AJ Jr, Smith SP Jr, Paul CM, Hall NC, Daly BT, Agrawal A, Schuller DE. Impact of [18F]-2-fluorodeoxyglucose-positron emission tomography/computed tomography on previously untreated head and neck cancer patients. Laryngoscope. 2007;117(7):1173–9.PubMed

	11.
Teknos TN, Rosenthal EL, Lee D, Taylor R, Marn CS. Positron emission tomography in the evaluation of stage III and IV head and neck cancer. Head Neck. 2001;23(12):1056–60.PubMed

	12.
Wong WL, Hussain K, Chevretton E, Hawkes DJ, Baddeley H, Maisey M, McGurk M. Validation and clinical application of computer-combined computed tomography and positron emission tomography with 2-[18F]fluoro-2-deoxy-D-glucose head and neck images. Am J Surg. 1996;172(6):628–32.PubMed

	13.
Lonneux M, Hamoir M, Reychler H, Maingon P, Duvillard C, Calais G, Bridji B, Digue L, Toubeau M, Gregoire V. Positron emission tomography with [18F]fluorodeoxyglucose improves staging and patient management in patients with head and neck squamous cell carcinoma: a multicenter prospective study. Journal of clinical oncology : official journal of the American Society of Clinical Oncology. 2010;28(7):1190–5.PubMed

	14.
NCCN Clinical practice guidelines in oncology: Head and Neck Cancer

	15.
Parsons JT, Mendenhall WM, Stringer SP, Amdur RJ, Hinerman RW, Villaret DB, Moore-Higgs GJ, Greene BD, Speer TW, Cassisi NJ. Squamous cell carcinoma of the oropharynx: surgery, radiation therapy, or both. J Cancer: Interdisciplinary International Journal of the American Cancer Society. 2002;94(11):2967–80.

	16.
Pignon JP, le Maitre A, Maillard E, Bourhis J. Group M-NC: Meta-analysis of chemotherapy in head and neck cancer (MACH-NC): an update on 93 randomised trials and 17,346 patients. Radiother Oncol. 2009;92(1):4–14.PubMed

	17.
Ma DJ, Price KA, Moore EJ, Patel SH, Hinni ML, Garcia JJ, Graner DE, Foster NR, Ginos B, Neben-Wittich M, et al. Phase II Evaluation of Aggressive Dose De-Escalation for Adjuvant Chemoradiotherapy in Human Papillomavirus-Associated Oropharynx Squamous Cell Carcinoma. Journal of clinical oncology : official journal of the American Society of Clinical Oncology. 2019;37(22):1909–18.PubMed

	18.
Rudmik L, Lau HY, Matthews TW, Bosch JD, Kloiber R, Molnar CP, Dort JC. Clinical utility of PET/CT in the evaluation of head and neck squamous cell carcinoma with an unknown primary: a prospective clinical trial. Head Neck. 2011;33(7):935–40.PubMed

	19.
Zhu L, Wang N. 18F-fluorodeoxyglucose positron emission tomography-computed tomography as a diagnostic tool in patients with cervical nodal metastases of unknown primary site: a meta-analysis. Surg Oncol. 2013;22(3):190–4.PubMed

	20.
Schwartz DL, Ford E, Rajendran J, Yueh B, Coltrera MD, Virgin J, Anzai Y, Haynor D, Lewellyn B, Mattes D, et al. FDG-PET/CT imaging for preradiotherapy staging of head-and-neck squamous cell carcinoma. Int J Radiat Oncol Biol Phys. 2005;61(1):129–36.PubMed

	21.
Mehanna H, Wong WL, McConkey CC, Rahman JK, Robinson M, Hartley AG, Nutting C, Powell N, Al-Booz H, Robinson M, et al. PET-CT Surveillance versus Neck Dissection in Advanced Head and Neck Cancer. N Engl J Med. 2016;374(15):1444–54.PubMed

	22.
Malone JP, Gerberi MA, Vasireddy S, Hughes LF, Rao K, Shevlin B, Kuhn M, Collette D, Tennenhouse J, Robbins KT. Early prediction of response to chemoradiotherapy for head and neck cancer: reliability of restaging with combined positron emission tomography and computed tomography. Arch Otolaryngol Head Neck Surg. 2009;135(11):1119–25.PubMed

	23.
Fakhry C, Lacchetti C, Rooper LM, Jordan RC, Rischin D, Sturgis EM, Bell D, Lingen MW, Harichand-Herdt S, Thibo J, et al. Human Papillomavirus Testing in Head and Neck Carcinomas: ASCO Clinical Practice Guideline Endorsement of the College of American Pathologists Guideline. Journal of clinical oncology : official journal of the American Society of Clinical Oncology. 2018;36(31):3152–61.PubMed

	24.
Wu SY, Chang CL, Chen CI, Huang CC. Comparison of Acute and Chronic Surgical Complications Following Robot-Assisted, Laparoscopic, and Traditional Open Radical Prostatectomy Among Men in Taiwan. JAMA Netw Open. 2021;4(8): e2120156.PubMedPubMedCentral

	25.
Zhang J, Lu CY, Chen HM, Wu SY. Neoadjuvant Chemotherapy or Endocrine Therapy for Invasive Ductal Carcinoma of the Breast With High Hormone Receptor Positivity and Human Epidermal Growth Factor Receptor 2 Negativity. JAMA Netw Open. 2021;4(3): e211785.PubMedPubMedCentral

	26.
Liu WC, Liu HE, Kao YW, Qin L, Lin KC, Fang CY, Tsai LL, Shia BC, Wu SY. Definitive radiotherapy or surgery for early oral squamous cell carcinoma in old and very old patients: A propensity-score-matched, nationwide, population-based cohort study. Radiother Oncol. 2020;151:214–21.PubMed

	27.
Peng H, Chen L, Li WF, Guo R, Mao YP, Zhang Y, Zhang F, Liu LZ, Tian L, Lin AH, et al. The Cumulative Cisplatin Dose Affects the Long-Term Survival Outcomes of Patients with Nasopharyngeal Carcinoma Receiving Concurrent Chemoradiotherapy. Sci Rep. 2016;6:24332.PubMedPubMedCentral

	28.
Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a combined comorbidity index. J Clin Epidemiol. 1994;47(11):1245–51.PubMed

	29.
O’Sullivan B, Shah J. New TNM staging criteria for head and neck tumors. Semin Surg Oncol. 2003;21(1):30–42.PubMed

	30.
Verma V, Choi JI, Sawant A, Gullapalli RP, Chen W, Alavi A, Simone CB 2nd. Use of PET and Other Functional Imaging to Guide Target Delineation in Radiation Oncology. Semin Radiat Oncol. 2018;28(3):171–7.PubMed

	31.
Moule RN, Kayani I, Moinuddin SA, Meer K, Lemon C, Goodchild K, Saunders MI. The potential advantages of (18)FDG PET/CT-based target volume delineation in radiotherapy planning of head and neck cancer. Radiother Oncol. 2010;97(2):189–93.PubMed

	32.
Ireland RH, Dyker KE, Barber DC, Wood SM, Hanney MB, Tindale WB, Woodhouse N, Hoggard N, Conway J, Robinson MH. Nonrigid image registration for head and neck cancer radiotherapy treatment planning with PET/CT. Int J Radiat Oncol Biol Phys. 2007;68(3):952–7.PubMedPubMedCentral

	33.
Newbold K, Powell C. PET/CT in Radiotherapy Planning for Head and Neck Cancer. Front Oncol. 2012;2:189.PubMedPubMedCentral

	34.
Lu HH, Chiu NC, Tsai MH. Prognostic Significance of Pretreatment Staging With 18F-FDG PET in Esophageal Cancer: A Nationwide Population-Based Study. Clin Nucl Med. 2021;46(8):647–53.PubMedPubMedCentral

	35.
Stromberger C, Yedikat B, Coordes A, Tinhofer I, Kalinauskaite G, Budach V, Zschaeck S, Raguse JD, Kofla G, Heiland M, et al. Prognostic Factors Predict Oncological Outcome in Older Patients With Head and Neck Cancer Undergoing Chemoradiation Treatment. Front Oncol. 2020;10: 566318.PubMed

	36.
Boffetta P, Merletti F, Magnani C, Terracini B. A population-based study of prognostic factors in oral and oropharyngeal cancer. Eur J Cancer B Oral Oncol. 1994;30B(6):369–73.PubMed

	37.
Seminerio I, Descamps G, Dupont S, de Marrez L, Laigle JA, Lechien JR, Kindt N, Journe F, Saussez S: Infiltration of FoxP3+ Regulatory T Cells is a Strong and Independent Prognostic Factor in Head and Neck Squamous Cell Carcinoma. Cancers (Basel) 2019, 11(2).

	38.
Wurdemann N, Wagner S, Sharma SJ, Prigge ES, Reuschenbach M, Gattenlohner S, Klussmann JP, Wittekindt C: Prognostic Impact of AJCC/UICC 8th Edition New Staging Rules in Oropharyngeal Squamous Cell Carcinoma. Front Oncol 2017, 7:129.

	39.
Caparrotti F, O’Sullivan B, Bratman SV, Ringash J, Lu L, Bayley A, Cho J, Giuliani M, Hope A, Kim J, et al. Exploring the Impact of Human Papillomavirus Status, Comorbidity, Polypharmacy, and Treatment Intensity on Outcome of Elderly Oropharyngeal Cancer Patients Treated With Radiation Therapy With or Without Chemotherapy. Int J Radiat Oncol Biol Phys. 2017;98(4):858–67.PubMed

	40.
Torabi SJ, Benchetrit L, Kuo YuP, Cheraghlou S, Savoca EL, Tate JP, Judson BL. Prognostic Case Volume Thresholds in Patients With Head and Neck Squamous Cell Carcinoma. JAMA Otolaryngol Head Neck Surg. 2019;145(8):708–15.PubMedPubMedCentral

	41.
David JM, Ho AS, Luu M, Yoshida EJ, Kim S, Mita AC, Scher KS, Shiao SL, Tighiouart M, Zumsteg ZS. Treatment at high-volume facilities and academic centers is independently associated with improved survival in patients with locally advanced head and neck cancer. Cancer. 2017;123(20):3933–42.PubMed

	42.
Eskander A, Irish J, Groome PA, Freeman J, Gullane P, Gilbert R, Hall SF, Urbach DR, Goldstein DP. Volume-outcome relationships for head and neck cancer surgery in a universal health care system. Laryngoscope. 2014;124(9):2081–8.PubMed

	43.
Verma V, Allen PK, Simone CB 2nd, Gay HA, Lin SH. Association of Treatment at High-Volume Facilities With Survival in Patients Receiving Chemoradiotherapy for Nasopharyngeal Cancer. JAMA Otolaryngol Head Neck Surg. 2018;144(1):86–9.PubMed

	44.
Candela FC, Kothari K, Shah JP. Patterns of cervical node metastases from squamous carcinoma of the oropharynx and hypopharynx. Head Neck. 1990;12(3):197–203.PubMed

	45.
Lim YC, Koo BS, Lee JS, Lim JY, Choi EC. Distributions of cervical lymph node metastases in oropharyngeal carcinoma: therapeutic implications for the N0 neck. Laryngoscope. 2006;116(7):1148–52.PubMed

	46.
Koyfman SA, Ismaila N, Crook D, D’Cruz A, Rodriguez CP, Sher DJ, Silbermins D, Sturgis EM, Tsue TT, Weiss J, et al. Management of the Neck in Squamous Cell Carcinoma of the Oral Cavity and Oropharynx: ASCO Clinical Practice Guideline. Journal of clinical oncology : official journal of the American Society of Clinical Oncology. 2019;37(20):1753–74.PubMed

	47.
Al-Mamgani A, van Werkhoven E, Navran A, Karakullukcu B, Hamming-Vrieze O, Machiels M, van der Velden LA, Vogel WV, Klop WM. Contralateral regional recurrence after elective unilateral neck irradiation in oropharyngeal carcinoma: A literature-based critical review. Cancer Treat Rev. 2017;59:102–8.PubMed

	48.
Mohandas A, Marcus C, Kang H, Truong MT, Subramaniam RM. FDG PET/CT in the management of nasopharyngeal carcinoma. AJR Am J Roentgenol. 2014;203(2):W146-157.PubMed

	49.
Ho FC, Tham IW, Earnest A, Lee KM, Lu JJ. Patterns of regional lymph node metastasis of nasopharyngeal carcinoma: a meta-analysis of clinical evidence. BMC Cancer. 2012;12:98.PubMedPubMedCentral

	50.
Liu F, Xi XP, Wang H, Han YQ, Xiao F, Hu Y, He Q, Zhang L, Xiao Q, Liu L, et al. PET/CT-guided dose-painting versus CT-based intensity modulated radiation therapy in locoregional advanced nasopharyngeal carcinoma. Radiat Oncol. 2017;12(1):15.PubMedPubMedCentral

	51.
Shiri I, Arabi H, Sanaat A, Jenabi E, Becker M, Zaidi H. Fully Automated Gross Tumor Volume Delineation From PET in Head and Neck Cancer Using Deep Learning Algorithms. Clin Nucl Med. 2021;46(11):872–83.PubMed

	52.
Chen YP, Chan ATC, Le QT, Blanchard P, Sun Y, Ma J. Nasopharyngeal carcinoma. Lancet. 2019;394(10192):64–80.PubMed

	53.
Cheng CL, Lee CH, Chen PS, Li YH, Lin SJ, Yang YH. Validation of acute myocardial infarction cases in the national health insurance research database in taiwan. J Epidemiol. 2014;24(6):500–7.PubMedPubMedCentral

	54.
Cheng CL, Kao YH, Lin SJ, Lee CH, Lai ML. Validation of the National Health Insurance Research Database with ischemic stroke cases in Taiwan. Pharmacoepidemiol Drug Saf. 2011;20(3):236–42.PubMed

	55.
Lin CC, Lai MS, Syu CY, Chang SC, Tseng FY. Accuracy of diabetes diagnosis in health insurance claims data in Taiwan. J Formos Med Assoc. 2005;104(3):157–63.PubMed



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Pre-CCRT 18-fluorodeoxyglucose PET-CT improves survival in patients with advanced stages p16-negative oropharyngeal squamous cell carcinoma via accurate radiation treatment planning


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/40463_2023_623_Fig3_HTML.png
1.0 H

0.8

0.6

0.4

Survival Probability

0.2

0.0 -

Stage llI-IV

No Pretreatment PET
Pretreatment PET

No Pretreatment PET
Pretreatment PET

p-value = 0.0055
T

0

2025
1495

2

1011
811

4 6 8 10
Years

605 350 181 84

421 235 105 37





OEBPS/css/envelope.png





OEBPS/images/40463_2023_623_Fig2_HTML.png
1.0

0.8 +

0.6

0.4 +

Survival Probability

0.2 +

0.0 —

Stage I-ll

No Pretreatment PET
Pretreatment PET

No Pretreatment PET
Pretreatment PET

p-value = 0.1177
T T

0 2
254 175
168 110

109
60

Years

6 8 10
64 a7 16
36 19 8





OEBPS/images/40463_2023_623_Fig1_HTML.png
107 All Stages No Pretreatment PET
Pretreatment PET
0.8
2
S 0.6-
(1]
o
e
o
©
2 044
<
=
(7}
0.2
_| p-value = 0.1960
0.0 I T T T T T
0 2 4 6 8 10
Years
No Pretreatment PET 2279 1249 757 441 235 107

Pretreatment PET 1663 942 485 283 132 48





OEBPS/css/sidebar.gif





