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Abstract: No comparative study with a long-term follow-up period has evaluated the survival outcomes of preop-
erative 18-fluorodeoxyglucose positron emission tomography/computed tomography (18FDG PET/CT) in patients 
with p16-negative OPSCC. We included patients with stage I-IVB p16-negative OPSCC undergoing surgery and cat-
egorized them into two groups based on whether they underwent preoperative 18FDG PET/CT and compared their 
outcomes: the case group comprised patients who did not undergo preoperative 18FDG PET/CT, whereas the control 
group comprised patients who underwent preoperative 18FDG PET/CT. The findings of the multivariable Cox regres-
sion analysis revealed no association between preoperative 18FDG PET/CT and overall survival (OS) in the case and 
control groups in the patients with stage I-III p16-negative OPSCC undergoing surgery (after multivariable adjust-
ment, the hazard ratio [HR] was 1.12; 95% confidence interval [CI] = 0.86-1.48: P = 0.4028). However, we noted an 
association between preoperative 18FDG PET/CT and OS in the case and control groups in the patients with stage 
IVA and IVB p16-negative OPSCC undergoing surgery (after multivariable adjustment, the HR of all-cause mortal-
ity for nonpreoperative PET/CT was 1.82 compared with preoperative PET/CT; 95% CI = 1.47-2.26; P < 0.0001). 
Preoperative 18FDG PET/CT use was associated with a lower risk of mortality in the patients with stage IVA and IVB 
p16-negative OPSCC without metastasis. 
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Introduction

The incidence of human papilloma virus (HPV)-
positive oropharyngeal squamous cell carcino-
ma (OPSCC) has gradually increased world- 
wide [1, 2]. The clinical behavior of HPV-positive 
OPSCC differs from that of HPV-negative OP- 
SCC [3-10]. Compared with patients with HPV-
negative OPSCC, most patients with HPV-
positive OPSCC are younger, have smaller pri-
mary tumors and fewer synchronous or meta-
chronous tumors, have a lower prevalence of 
cigarette smoking and mucosal lesions, exhibit 
a more favorable response to primary radio-

therapy (RT) or concurrent chemoradiotherapy 
(CCRT), and have a higher overall survival (OS) 
rate [3-10]. Despite the increasing prevalence 
of HPV-positive OPSCC, HPV-negative OPSCC 
remains dominant in regions with a high preva-
lence of betel nut chewing, especially Taiwan 
[5]. The pathogenesis, oncological outcomes, 
and treatments differ between HPV-negative 
OPSCC and HPV-positive OPSCC in patients 
with smoking, alcohol drinking, and betel nut 
chewing habits [5, 6, 9, 10]. 

P16-positive OPSCC is considered a surrogate 
of HPV-positive OPSCC [11, 12].
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Patients with p16-positive OPSCC exhibit supe-
rior oncological outcomes compared with those 
with p16-negative OPSCC [5, 13-15]. Indicating 
that p16-positive OPSCC is a single disease 
entity [5, 13-15]. The etiology of the disease 
differs between patients with p16-negative 
OPSCC and those with p16-positive OPSCC [5, 
13-15]. Thus, the clinical outcomes of different 
therapeutic strategies would vary among these 
patients [15-17]. According to the National 
Comprehensive Cancer Network (NCCN) guide-
lines and reports from Taiwan [5, 17, 18]. pri-
mary surgery can be feasible and result in 
superior oncological outcomes compared with 
primary RT or CCRT for p16-negative OPSCC 
[18]. Surgical intervention can be considered 
as the primary therapeutic strategy for patients 
with p16-negative OPSCC with cigarette smok-
ing and betel-nut chewing habits to achieve 
better locoregional control and prolong OS [18]. 

Preoperative 18fluorodeoxyglucose-positron 
emission tomography/computed tomography 
(18FDG-PET/CT) has a high sensitivity for de- 
tecting occult lymph nodes in patients with 
head and neck cancer (HNC) [19]. Surgical 
treatment plans may be changed in approxi-
mately 22% of patients with HNC on the basis 
of preoperative positron emission tomography/
computed tomography (PET/CT) findings [19]. 
Preoperative PET/CT may assist clinicians in 
determining the most suitable surgical plan or 
a more precise sequential adjuvant RT field for 
patients with HNC [19-29]. Therefore, the NCCN 
guidelines suggest the use of preoperative 
PET/CT for p16-negative OPSCC [17]. No study 
has examined the benefits of preoperative PET/
CT for patients with p16-negative OPSCC under-
going surgery. Thus, the value of preoperative 
PET/CT for patients with p16-negative OPSCC 
undergoing curative surgery should be evaluat-
ed. This retrospective national cohort study 
investigated the effect of preoperative PET/CT 
on the survival of patients with p16-negative 
OPSCC. 

Patients and methods

Study design and patient data source

This retrospective study was conducted using 
data from the Health and Welfare Data Center 
(HWDC) established by Taiwan’s Ministry of 
Health and Welfare. The HWDC consolidates 
data gathered by the Taiwanese government 

from various sources. These data are then dei-
dentified and made available for research pur-
poses based on case-by-case approval. In par-
ticular, we used the Taiwan Cancer Registry, 
which provides detailed information on the 
staging and treatment of patients with cancer; 
the Cause of Death database, which lists all 
death certificates issued in Taiwan [30]; and 
the National Health Insurance (NHI) Research 
Database, which contains information on all 
NHI-reimbursed examinations, medications, 
and treatments. We are confident that no evi-
dence of death is equivalent to evidence of life 
because all death certificates are issued by  
the government and are required for property 
inheritance, abandonment of inheritance in the 
court, and burial or cremation in Taiwan. The 
NHI program has been implemented since 
1995 and covers more than 99% of Taiwan’s 
population. Since July 2004, the NHI has been 
reimbursing 18F-FDG-PET/CT performed for the 
initial staging of HNC when optimal staging is 
not achieved through conventional computed 
tomography. All databases in the HWDC are 
linked through a common but anonymized iden-
tifier to ensure privacy. The requirement for 
informed consent was waived due to the retro-
spective and deidentified nature of this study. 

Study sample

We consecutively selected patients aged ≥ 20 
years who underwent surgical resection of 
pathologically proven p16-negative OPSCC and 
had cigarette smoking, alcohol drinking, and 
betel nut chewing habits for over 10 years 
between January 1, 2009, and December 31, 
2017. The preferred method for determining 
HPV tumor status is examining the expression 
of the surrogate marker p16 through immuno-
histochemistry [11, 12]. We determined p16 
protein expression in HPV-negative OPSCC 
through immunohistochemistry in accordance 
with the College of American Pathologists 
guideline [11, 12]. 

Inclusion and exclusion criteria

Inclusion criteria were having nonmetastatic 
OPSCC underwent curative surgery and adju-
vant treatments, such as adjuvant RT and 
CCRT, in accordance with the NCCN guidelines 
and patients’ will or tolerance [17]. Resectabi- 
lity was verified by HNC surgeons, and surgery 
was performed in all patients in our study. The 
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index date was the date of surgery. Surgical 
procedures included tumor resection and neck 
dissection depending on clinical nodal and 
tumor stages. The diagnoses of enrolled pa- 
tients were confirmed after reviewing their 
pathological data, and patients who were newly 
diagnosed as having p-16 negative OPSCC and 
confirmed to have no other cancer or distant 
metastasis were included in the present study. 
All patients with p-16 negative OPSCC under-
went curative surgery. Patients were included 
in this study if they were aged ≥ 20 years, had  
a pathological stage I-IVB OPSCC without 
metastasis (determined in accordance with the 
American Joint Committee on Cancer [AJCC] 
criteria, 7th edition). Patients were excluded if 
they had a history of other cancers before the 
index date, an unknown pathological stage, 
missing sex data, unclear differentiation of 
tumor grade, p-16 positive, unclear margin sta-
tus, missing extracapsular status, missing hos-
pital levels, and unclear adjuvant treatments 
(like missing irradiation dose and unclear plati-
num dosage). 

Covariates and outcome definition

We extracted data regarding sex, age, Ameri- 
can Joint Committee on Cancer (AJCC) clinical 
stages, differentiation, surgical margin, extra-
capsular extension, adjuvant treatments, RT 
cumulative dose, platinum cumulative dose, 
CCI scores, diagnosis year, hospital levels 
(medical and nonmedical centers), and disease 
status at the last follow-up date from the Taiwan 
Cancer Registry. Clinical stages were based on 
the 8th edition of the AJCC for OPSCC. Age was 
analyzed as a continuous variable. 

From the NHI Research Database, we identified 
patients who underwent 18F-FDG PET/CT within 
0 to 90 days before the index date (surgery). 
Patients with a record of 18F-FDG-PET/CT were 
considered to have undergone preoperative 
PET/CT, whereas those without records were 
considered to have not undergone preoperative 
PET/CT. All patients in the control group (non-
preoperative 18FDG-PET/CT) underwent head 
and neck magnetic resonance imaging (MRI) or 
CT with contrast for primary tumor and nodal 
staging, abdominal ultrasound, whole-body 
bone scan, and chest X-ray for metastatic stag-
ing at least. The only difference is the addition 
of preoperative PET/CT in the case group. 
Professional nuclear medicine physicians and 
radiologists who were licensed in Taiwan offi-

cially interpreted and reported all images. The 
Taiwan Cancer Registry Database requires  
that all PET/CT reports are reviewed and report-
ed by trained nuclear medicine physicians. 
Moreover, the Taiwan Cancer Registry Admi- 
nistration randomly reviews the reports of 
images by peer review to verify the accuracy of 
diagnoses, and hospitals with outlier chargers 
or practices may be audited and subsequently 
heavily penalized if malpractice or discrepan-
cies are identified. 

The primary outcome of interest was all-cause 
mortality, which was calculated from the initial 
date to the date of death. Information on OS 
was obtained from the Cause of Death data-
base. Patients whose death records could not 
be found were considered alive and censored 
on the last day of the database record 
(December 31, 2019). 

Medical center versus nonmedical center 
treatment

In Taiwan, medical centers have dedicated 
head and neck oncology treatment teams 
including radiologists, oncologists, radiation 
therapists, and HNC surgeons. However, non-
medical centers do not have such a team.

Statistical analysis

Continuous data are presented as the mean ± 
standard deviation or the median and inter-
quartile range, as applicable, whereas categori-
cal data are presented as the number and per-
centage. The distribution of patient charac- 
teristics was compared using the χ2 test for cat-
egorical variables and two-tailed Student’s t 
test or Kruskal-Wallis test for continuous 
variables.

Survival curves were generated using the 
Kaplan-Meier method and compared using the 
log-rank test. The adjusted Cox proportional 
hazards models were used to estimate the haz-
ard ratio (HR) and 95% confidence interval (CI) 
and to estimate the correlation of covariates 
with OS. A stratified analysis was performed to 
determine the effect of preoperative PET/CT on 
various AJCC clinical stages (I-III and IVA and 
IVB) for determining the association of preop-
erative PET/CT with OS across various sub-
groups, because AJCC stages IVA and IVB with-
out metastasis were identified as independent 
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prognostic factors for OS (Table 2). Table 1 
presents the sample size of patients with differ-
ent AJCC clinical stages. All statistical analyses 
were performed using SAS (version 9.4; SAS 
Institute Inc.). A two-sided P value of < 0.05 
was considered statistically significant. 

Results

Patient characteristics

A total of 1543 patients with p16-negative 
OPSCC met the inclusion criteria (Table 1). The 
final cohort included patients who underwent 
preoperative PET/CT (n = 1133, 1006 men and 
127 women, mean age = 55.5±10.1 years)  
and those who did not undergo preoperative 
PET/CT (n = 410, 379 men and 31 women, 
mean age = 54.1±9.1 years). A total of 1133 
and 410 patients with p16-negative OPSCC 
who underwent surgery were included in the 
case and control groups, respectively. A higher 
proportion of patients with OPSCC were men 
and older and had early stage I-III disease, a 
positive surgical margin, and no extranodal 
extension in the preoperative PET/CT group 
compared with the nonpreoperative PET/CT 
group. Other covariates were balanced between 
the preoperative PET/CT and nonpreoperative 
PET/CT groups. The crude all-cause morta- 
lity rates were 52.4% and 41.0% in the nonpre-
operative PET/CT and preoperative PET/CT 
groups, respectively (P < 0.0001; Table 1). 

Predictors of survival

The findings of the univariable and multivari-
able analyses revealed an association between 
preoperative PET/CT and improved survival (in 
the adjusted model, the HR [95% CI] for all-
cause mortality was 1.55 [1.31-1.83] for the 
nonpreoperative PET/CT group compared with 
the preoperative PET/CT group; P < 0.0001; 
Table 2). Known prognostic factors, namely 
male sex (P < 0.0001), age > 70 years (P =  
0.0006), AJCC stages IVA and IVB (P = 0.0122), 
a positive surgical margin (P = 0.0026), extra-
nodal extension (P < 0.0001), no adjuvant 
treatments (P = 0.0002), and CCI score ≥ 1 (P < 
0.0001), were associated with poor OS in the 
multivariable analysis. 

Stratified analysis of the effect of preoperative 
PET/CT by stage

We performed a stratified analysis to investi-
gate the effect of preoperative PET/CT on vari-

ous AJCC clinical stages. We stratified the AJCC 
clinical stages (I-III and IV [no metastasis]) by 
using a Cox regression model and adjusted  
for age, AJCC clinical stages, differentiation, 
surgical margin, extracapsular extension, adju-
vant treatments, RT cumulative dose, platinum 
cumulative dose, CCI scores, diagnosis year, 
and hospital levels (Table 3). The strongest cor-
relation between preoperative PET/CT and all-
cause mortality was observed in the patients 
with stage IVA and IVB OPSCC undergoing sur-
gery (after multivariable adjustment, the HR 
[95% CI] was 1.33 [1.04-1.71]; P = 0.0122),  
followed by those with stage III and stage II 
OPSCC undergoing surgery (in the adjusted 
model, the HRs [95% CIs] were 1.09 [0.83-
1.42] and 1.02 [0.74-1.41], respectively; Table 
2). Therefore, we investigated the association 
between preoperative PET/CT and survival by 
stratifying different AJCC clinical stages.  
Among the patients with stage I-III p16-nega-
tive OPSCC undergoing surgery, we observed 
no association between preoperative PET/CT 
and OS in both the case and control groups 
(after multivariable adjustment, the HR [95% 
CI] was 1.12 [0.86-1.48]; P = 0.4028). Among 
the patients with stage IVA or IVB p16-negative 
OPSCC undergoing surgery, we observed an 
association between preoperative PET/CT and 
OS in both the case and control groups (after 
multivariable adjustment, the HR [95% CI] of 
all-cause mortality for the nonpreoperative 
PET/CT group was 1.82 [1.47-2.26] compared 
with the preoperative PET/CT group; P < 
0.0001; Table 3). 

We did not observe a progressive increase in 
the rate of PET/CT utilization for OPSCC staging 
in later years: 72.3% in 2011-2013 and 74.1% 
in 2014-2017 (Table 1). Furthermore, no asso-
ciation between PET/CT use and OS was noted 
in both the case and control groups over a peri-
od (Tables 2 and 3). 

Change in stage (conversion of the clinical 
stage to pathological stage)

Table 4 presents the change in the stage (con-
version of the clinical stage to pathological 
stage) in the patients with p16-negative OPSCC 
undergoing surgery. The more consistent clini-
cal and pathologic stages for stage IVA-B in pre-
operative PET/CT group (83.6%) to reveal more 
accurate stages for advanced clinical stages 
than non-preoperative PET/CT group (61.6%) 
(Table 4). 
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Table 1. Demographic characteristics of patients newly diagnosed as having p16-negative oropharyn-
geal squamous cell carcinoma undergoing surgery

Total  
N = 1543

Nonpreoperative PET/CT 
N = 410

Preoperative PET/CT 
N = 1133 P value

n (%) n (%) n (%)
Sex
    Male 1385 (89.8) 379 (92.4) 1006 (88.8) 0.0368
    Female 158 (10.2) 31 (7.6) 127 (11.2)
Age
    Mean (SD) 55.1 (9.9) 54.1 (9.1) 55.5 (10.1) 0.0095
    Median (IQR, Q1-Q3) 55 (48-62) 54 (47-60) 55 (49-62)
    ≤ 40 88 (5.7) 22 (5.4) 66 (5.8) 0.0034
    41-50 443 (28.7) 127 (31.0) 316 (27.9)
    51-60 577 (37.4) 175 (42.7) 402 (35.5)
    61-70 327 (21.2) 66 (16.1) 261 (23.0)
    > 70 108 (7.0) 20 (4.9) 88 (7.8)
AJCC clinical stage
    I 269 (17.4) 60 (14.6) 209 (18.4) 0.0124
    II 267 (17.3) 58 (14.1) 209 (18.4)
    III 215 (13.9) 54 (13.2) 161 (14.2)
    IVA and IVB 792 (51.3) 238 (58.0) 554 (48.9)
Differentiation
    1 110 (7.1) 22 (5.4) 88 (7.8) 0.1210
    2 878 (56.9) 242 (59.0) 636 (56.1)
    3 402 (26.1) 96 (23.4) 306 (27.0)
    4 15 (1.0) 5 (1.2) 10 (0.9)
    Missing 138 (8.9) 45 (11.0) 93 (8.2)
Surgical margin
    Negative 1006 (65.2) 304 (74.1) 702 (62.0) < 0.0001
    Positive 537 (34.8) 106 (25.9) 431 (38.0)
Extracapsular extension
    No 1155 (74.9) 286 (69.8) 869 (76.7) 0.0055
    Yes 388 (25.1) 124 (30.2) 264 (23.3)
Adjuvant treatments 
    CCRT 750 (48.6) 220 (53.7) 530 (46.8) 0.1501
    RT alone 293 (19.0) 67 (16.3) 226 (19.9)
    No adjuvant treatments 500 (32.4) 123 (30.0) 377 (33.3)
RT cumulative dose, Gy
    Mean (SD) 66.0 (13.0) 65.6 (14.2) 66.2 (12.5) 0.1875
    Median (IQR, Q1-Q3) 66.0 (64.0-70.0) 66.0 (62.7-70.0) 66.0 (64.0-70.0)
    < 70 Gy 694 (45.0) 201 (49.0) 493 (43.5) 0.1576
    ≥ 70 Gy 349 (22.6) 86 (21.0) 263 (23.2)
    no RT 500 (32.4) 123 (30.0) 377 (33.3)
Platinum cumulative dose, mg
    Mean (SD) 484.8 (330.7) 464.2 (271.1) 493.4 (352.6) 0.5457
    Median (IQR, Q1-Q3) 410.0 (300.0-600.0) 400.0 (300.0-600.0) 410.0 (300.0-600.0)
    < 500 mg 370 (24.0) 110 (26.8) 260 (22.9) 0.0941
    ≥ 500 mg 294 (19.1) 85 (20.7) 209 (18.4)
    No platinum 879 (57.0) 215 (52.4) 664 (58.6)
CCI Scores
    Mean (SD) 0.7 (1.1) 0.6 (1.1) 0.7 (1.2) 0.0507
    Median (Q1-Q3) 0 (0-1) 0 (0-1) 0 (0-1)
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    0 939 (60.9) 268 (65.4) 671 (59.2) 0.0829
    1 355 (23.0) 81 (19.8) 274 (24.2)
    2+ 249 (16.1) 61 (14.9) 188 (16.6)
Diagnosis year
    2011-2013 592 (38.4) 164 (39.0) 428 (37.7) 0.2108
    2014-2017 951 (61.6) 246 (61.0) 705 (62.3)
Hospital level
    Medical center 1019 (66.0) 285 (69.5) 734 (64.8) 0.0832
    Nonmedical centers 524 (34.0) 125 (30.5) 399 (35.2)
Mean follow-up time, months (SD) 54.9 (28.0) 58.2 (25.4) 57.3 (28.5) 0.1823
All-cause death 680 (44.1) 215 (52.4) 465 (41.0) 0.0001
PET/CT, Positron Emission Tomography/Computed Tomography; AJCC, American Joint Committee on Cancer; CCI, Charlson Comorbidity Index; 
IQR, Interquartile Range; SD, Standard Deviation; CCRT, Concurrent Chemoradiotherapy; RT, Radiotherapy; N, Number.

Table 2. Cox proportional hazard regression analysis of the risk of all-cause death in patients with 
p16-negative oropharyngeal squamous cell carcinoma undergoing surgery

Variable
Univariate Multivariate

Crude HR 95% CI P value Adjusted HR* 95% CI P value
Nonpreoperative PET/CT  
(Preoperative PET/CT as reference)

1.52 (1.29-1.79) < 0.0001 1.55 (1.31-1.83) < 0.0001

Sex Female 1 < 0.0001 1 < 0.0001
Male 2.74 (1.92-3.91) 2.68 (1.87-3.83)

Age ≤ 40 1 0.0017 1 0.0006
41-50 1.06 (0.68-1.34) 1.04 (0.62-1.23)
51-60 1.15 (0.68-1.32) 1.09 (0.64-1.25)
61-70 1.18 (0.69-1.40) 1.14 (0.66-1.34)
> 70 1.66 (1.12-2.46) 1.62 (1.08-2.43)

Differentiation 1 1 0.1122 1 0.2026
2 1.08 (0.65-1.20) 1.04 (0.62-1.15)
3 and 4 1.04 (0.61-1.19) 1.02 (0.58-1.15)

AJCC clinical stages I 1 0.0050 1 0.0122
II 1.04 (0.62-1.13) 1.02 (0.74-1.41)
III 1.07 (0.75-1.26) 1.09 (0.83-1.42)
IVA and IVB 1.24 (1.01-1.51) 1.33 (1.04-1.71)

Surgical margin  Negative 1 0.0946 1 0.0026
Positive 1.14 (0.98-1.34) 1.29 (1.09-1.52)

Extracapsular extension No 1 < 0.0001 1 < 0.0001
Yes 1.71 (1.45-2.01) 1.73 (1.43-2.10)

Adjuvant treatment  RT alone 1 0.0206 1 0.0002
CCRT 1.06 (0.86-1.30) 0.89 (0.71-1.11)
No adjuvant treatments 1.18 (1.15-1.47) 1.35 (1.07-1.70)

CCI scores 0 1 0.0001 1 < 0.0001
1 1.32 (1.10-1.58) 1.43 (1.19-1.73)
2+ 1.45 (1.19-1.78) 1.43 (1.16-1.75)

Diagnosis year 2011-2013 1 0.3836 1 0.7153
2014-2017 1.07 (0.92-1.26) 1.03 (0.88-1.21)

Hospital level Medical center 1 0.5012 1 0.3494
Nonmedical centers 1.06 (0.90-1.24) 1.08 (0.92-1.27)

PET/CT, Positron Emission Tomography/Computed Tomography; HR, Hazard Ratio; aHR, adjusted Hazard Ratio; CI, Confidence Interval; AJCC, 
American Joint Committee on Cancer; CCI, Charlson Comorbidity Index; CCRT, Concurrent Chemoradiotherapy; RT, Radiotherapy. *All covariates 
mentioned in Table 2 were adjusted.
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Kaplan-Meier OS ccurve

The 5-year OS in the preoperative and nonpre-
operative PET/CT groups was 61.3% and 
50.7%, respectively, for all disease stages (P < 
0.0001; Figure 1A); 64.3% and 54.1%, respec-
tively, for stage I-III disease (P = 0.0011; Figure 
1B); and 57.8.3% and 49.7%, respectively, for 
stage IVA and IVB disease (P = 0.0003; Figure 
1C). 

Sensitivity analysis of the survival effect of 
nonpreoperative PET/CT by subgroup

The results of the sensitivity analysis of age, 
AJCC clinical stages, differentiation, surgical 

margin, extracapsular extension, adjuvant 
treatments, CCI scores, diagnosis year, and 
hospital levels determined using the inverse 
probability of treatment weighting for all-cause 
death in the patients with OPSCC undergoing 
surgery with and without preoperative PET/CT 
are presented as a forest plot in Figure 1. The 
adjusted HRs (95% CIs) for the preoperative 
PET/CT group were more significantly associat-
ed with longer OS compared with the nonpreop-
erative PET/CT group, irrespective of clinical 
stages, differentiation, surgical margin, extra-
capsular extension, adjuvant treatments, CCI 
scores, diagnosis year, and hospital levels, 
except for female sex, differentiation grade I, 
clinical stages I-III, and CCI score ≥ 2. 

Table 3. Cox proportional hazard regression analysis of the risk of all-cause death in patients with 
oropharyngeal squamous cell carcinoma undergoing surgery, stratified by the AJCC clinical stage

Variable
Clinical stage I-III Clinical stage IVA and IVB

Adjusted HR 95% CI P value Adjusted HR* 95% CI P value
Nonpreoperative PET/CT  
(preoperative PET/CT as reference)

1.12 (0.86-1.48) 0.4028 1.82 (1.47-2.26) < 0.0001

Sex Female 1 0.0026 1 < 0.0001
Male 2.17 (1.31-3.60) 3.33 (1.98-5.60)

Age ≤ 40 1 0.1134 1 0.1458
41-50 1.00 (0.55-1.75) 1.01 (0.55-1.28)
51-60 1.05 (0.60-1.84) 1.03 (0.54-1.26)
61-70 1.06 (0.47-1.56) 1.07 (0.62-1.52)
> 70 1.86 (0.98-3.55) 1.34 (0.79-2.27)

Differentiation 1 1 0.3175 1 0.3020
2 1.02 (0.47-1.09) 1.00 (0.63-1.58)
3 and 4 1.03 (0.61-1.12) 1.03 (0.50-1.80)

AJCC clinical stages I 1 0.2962 -
II 1.03 (0.78-1.35)
III 1.09 (0.56-1.11)

Surgical margin  Negative 1 0.0015 1 0.2611
Positive 1.53 (1.18-1.99) 1.13 (0.91-1.40)

Extracapsular extension No 1 0.0012 1 < 0.0001
Yes 2.17 (1.36-3.46) 1.63 (1.32-2.00)

Adjuvant treatment  RT alone 1 0.0502 1 < 0.0001
CCRT 0.95 (0.80-1.59) 0.90 (0.67-1.22)
No adjuvant treatment 1.18 (1.00-1.62) 1.86 (1.32-2.62)

CCI scores 0 1 0.0169 1 0.0007
1 1.43 (1.09-1.89) 1.46 (1.13-1.87)
2+ 1.38 (1.02-1.89) 1.56 (1.18-2.06)

Diagnosis year 2011-2013 1 0.3033 1 0.6499
2014-2017 0.96 (0.89-1.48) 0.95 (0.77-1.18)

Hospital level Medical center 1 0.5213 1 0.0954
Nonmedical centers 1.02 (0.72-1.19) 1.19 (0.97-1.47)

PET/CT, Positron Emission Tomography/Computed Tomography; HR, Hazard Ratio; aHR, adjusted Hazard Ratio; CI, Confidence Interval; AJCC, 
American Joint Committee on Cancer; CCI, Charlson Comorbidity Index; CCRT, Concurrent Chemoradiotherapy; RT, Radiotherapy. *All covariates 
mentioned in Table 2 were adjusted.
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Discussion

The pathogenesis of p16-negative OPSCC dif-
fers from that of p-16 positive OPSCC in 
patients with long-term smoking, alcohol drink-
ing, and betel nut chewing habits [5, 6, 9,  
10]. The oncological outcomes were poorer in 
patients with p16-negative OPSCC than in 
those with p16-positive OPSCC [5, 13-15]. 
Curative surgery can be a valuable therapeutic 
choice for patients with p16-negative OPSCC 
instead of primary RT or CCRT because of the 
high radioresistance of p16-negative OPSCC 
and the association of long-term smoking, alco-
hol drinking, and betel nut chewing habits with 
more gene variations [3, 5, 10, 17, 18]. The 
value of routine preoperative PET/CT should be 
reconsidered for patients with p16-negative 
OPSCC, although the NCCN guidelines suggest 
PET/CT before surgery for p16-negative OPSCC 
[17]. However, preoperative PET/CT does have 
limitations in terms of the nonspecific uptake of 
fluorodeoxyglucose in oropharyngeal areas and 
possible false-positive findings resulting from 
the normal physiological uptake of fluorodeoxy-
glucose in primary sites and regional lymph 
nodes in patients with OPSCC [31, 32]. In the 
current study, we investigated the effect of pre-
operative PET/CT on the survival of patients 
with p16-negative OPSCC. In the patients with 
stage I-III p16-negative OPSCC undergoing sur-
gery, we observed no association between pre-
operative PET/CT and OS in both the case and 
control groups (after multivariable adjustment, 

the HR [95% CI] was 1.12 [0.86-1.48]; P =  
0.4028). However, in the patients with stage 
IVA and IVB p16-negative OPSCC undergoing 
surgery, we observed an association between 
preoperative PET/CT and OS in both the case 
and control groups (after multivariable adjust-
ment, the HR [95% CI] of all-cause mortality for 
nonpreoperative PET/CT was 1.82 [1.47-2.26] 
compared with preoperative PET/CT group; P < 
0.0001). 

Other prognostic factors for poor OS in the 
patients with p16-negative OPSCC receiving 
curative surgery were male sex, age > 70 years, 
AJCC stage IVA and IVB, a positive surgical mar-
gin, extranodal extension, no adjuvant treat-
ments, and CCI score ≥ 1 (Tables 2 and 3). 
Similar to our findings, male sex, old age, and 
CCI score ≥ 1 were determined as poor prog-
nostic factors for OS in patients with HNC in 
previous studies [33-37]. However, this is the 
first study to report male sex, age > 70 years, 
and CCI score ≥ 1 as prognostic factors for OS 
in the patients with p16-negative OPSCC under-
going surgery. In Taiwan, most patients with 
p16-negative OPSCC have habits of cigarette 
smoking and betel nut chewing [3, 5, 6, 9, 10]. 
Surgery is a more aggressive and curative treat-
ment for these patients [18]. However, no study 
has identified prognostic factors for patients 
with p16-negative OPSCC undergoing surgery 
in regions with a high prevalence of betel nut 
chewing and smoking. This is the leading study 
to identify poor prognostic factors for patients 

Table 4. Change in stages (consistency between clinical and pathological stages)

Patient No.
Pathologic stage

I II III IVA-B
n (%) n (%) n (%) n (%)

Clinical stage I
    Nonpreoperative PET/CT 60 50 (83.0) 5 (8.3) 5 (8.3) 0 (0.0)
    Preoperative PET/CT 209 181 (86.7) 19 (9.1) 6 (2.9) 3 (1.4)
Clinical stage II
    Nonpreoperative PET/CT 58 9 (15.5) 36 (62.1) 5 (8.6) 8 (13.8)
    Preoperative PET/CT 209 33 (15.8) 152 (72.7) 16 (7.7) 8 (3.8)
Clinical stage III
    Nonpreoperative PET/CT 54 6 (11.1) 7 (13.0) 29 (53.7) 12 (22.2)
    Preoperative PET/CT 161 13 (8.1) 18 (11.2) 97 (60.2) 33 (20.5)
Clinical stage IVA-B
    Nonpreoperative PET/CT 238 29 (12.2) 23 (9.7) 39 (16.4) 147 (61.8)
    Preoperative PET/CT 554 24 (4.3) 23 (4.2) 44 (7.9) 463 (83.6)
PET/CT, Positron Emission Tomography/Computed Tomography; n, number. 
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with p16-negative OPSCC undergoing surgery 
(Table 2). In the Cox multivariable analysis, a 

superior to those for nonpreoperative PET/CT 
use (Figure 1B), the adjusted HR (95% CI) of 

Figure 1. Kaplan-Meier overall survival curve of patients with p16-negative 
oropharynx cancer undergoing surgery with or without preoperative PET/CT. 
A. All Clinical stages. B. Clinical stages I-III. C. Clinical stage IVA and IVB. 

positive surgical margin and 
extranodal extension were 
determined as poor prognos-
tic factors for OS in the pati- 
ents with p16-negative OPS- 
CC; this finding is similar to 
that of previous studies indi-
cating a positive surgical mar-
gin and extranodal extension 
as major risk factors for poor 
oncological outcomes in pati- 
ents with HNC undergoing sur-
gery [38, 39]. Not receiving 
adjuvant treatment was identi-
fied as a risk factor for mortal-
ity in patients with p16-nega-
tive OPSCC undergoing sur-
gery (Tables 2 and 3). Fur- 
thermore, AJCC clinical stage 
IV was determined as an inde-
pendent poor prognostic fac-
tor for mortality in the patien- 
ts with p16-negative OPSCC 
undergoing surgery. This result 
might be attributable to the 
ease of performing R0 resec-
tion in stages I-III OPSCC but 
not in stages IVA and IVB 
OPSCC. After adjustment for 
adjuvant treatments and oth- 
er covariates, only stages IVA 
and IVB but not stage II and III 
were identified as indepen-
dent poor prognostic factors 
for mortality. 

Prognostic factors for OS iden-
tified in the stratified analysis 
(Table 3) were similar to those 
determined in the nonstrati-
fied analysis (Table 2), ex- 
cept for preoperative PET/CT 
use. No significant difference 
between preoperative PET/CT 
use and nonpreoperative PET/
CT use was noted in the 
patients with stage I-III p16- 
negative OPSCC undergoing 
surgery even after the sensi-
tivity analysis (Figure 2). Al- 
though crude Kaplan-Meier 
OS curves for preoperative 
PET/CT use were significantly 
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mortality was 1.12 (0.86-1.48) for preoperative 
PET/CT use (Table 3 and Figure 2). This finding 
can be due to risk factors for poor survival in 
the patients with stage I-III OPSCC, including a 
positive surgical margin and extranodal exten-
sion, being masked or adjusted by adjuvant RT 
or CCRT. However, the high risk of poor OS in 
the patients with stage IVA and IVB OPSCC 
could not be adjusted by adjuvant treatments. 
The current study indicated that the survival 
value of routine preoperative PET/CT use for 
the patients with stage I-III p16-negative OPSCC 
undergoing surgery should be reconsidered 

(Table 3 and Figure 2). However, preoperative 
PET/CT might be necessary for patients with 
stage IVA and IVB OPSCC undergoing surgery 
because of the survival benefits of preopera-
tive PET/CT use (Table 3; Figures 1C and 2). 

The survival benefits of preoperative PET/CT 
use in patients with stage IVA and IVB p16-neg-
ative OPSCC might be due to various factors. 
PET/CT was superior to both CT and magnetic 
resonance imaging (MRI) for detecting regional 
nodal metastases as well as distant metasta-
ses and second primary tumors in patients with 

Figure 2. Sensitivity analysis for illustrating the impact of nonnpreoperative PET/CT on OS by subgroup. 
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HNC [20-23]. A multicenter prospective study 
reported that PET/CT improved the staging of 
primary cancer and altered the management in 
13.7% of patients with HNC [23]. When used 
for the initial staging of HNC, integrated PET/CT 
imaging appeared to be superior to CT, MRI, or 
PET alone [24]. These findings indicate that 
preoperative PET/CT is accurate for detecting 
occult cervical nodal metastases [20-24]. 
Although preoperative PET/CT does not have 
the sensitivity to replace neck dissection, it can 
be beneficial for planned neck dissection in 
terms of preventing residual occult neck lymph 
nodes in patients with OPSCC. The utility of 
PET/CT in detecting occult distant metastases 
and synchronous secondary primary tumors as 
well as altering sequential adjuvant radiation 
fields and doses in patients with p16-negative 
OPSCC undergoing neck dissection is compati-
ble with the results of previous studies on 
patients with HNC [19-29]. The prevalence of 
occult lymph nodes or synchronous secondary 
primary tumors might be high in OPSCC [8, 40, 
41]. Therefore, the use of preoperative PET/CT 
might be necessary for selected patients with 
OPSCC undergoing tumor removal and neck 
dissection (Table 3 and Figure 2). The associa-
tion of preoperative PET/CT use with prolong- 
ed survival in the patients with stage IVA and 
IVB p16-negative OPSCC undergoing surgery 
might be attributed to more accurate staging 
(Table 4). Irrespective of the clinical stage, pre-
operative PET/CT resulted in more accurate 
staging, and clinical stages were more consis-
tent with pathologic stages in the preoperative 
PET/CT group than in the nonpreoperative  
PET/CT group. The more distinct differences of 
clinical stages and pathologic stages were 
stage IVA-B between preoperative PET/CT and 
non-preoperative PET/CT groups (Table 4). 
Taken together, preoperative PET/CT resulted 
in improved tumor, node, and metastasis stag-
ing, effectively detected occult cervical nodal 
metastases in patients undergoing planned 
neck dissection and synchronous secondary 
primary tumors, and altered sequential adju-
vant RT fields; these factors might be respon-
sible for better OS [19-29], especially in patients 
with resectable stage IVA and IVB disease 
(Tables 3 and 4; Figures 1 and 2). 

The strength of our study is that this is the first 
study on preoperative PET/CT including a long-
term follow-up cohort to examine the survival 

outcomes of patients with p16-negative OPSCC 
undergoing surgery stratified by different clini-
cal stages. No comparative study with a long-
term follow-up period has investigated the out-
comes of preoperative 18FDG PET/CT by differ-
ent clinical stages. Preoperative 18FDG PET/CT 
was associated with survival benefits only in 
the patients with stage IVA and IVB p16-nega-
tive OPSCC but not in those with stage I-III 
p16-negative OPSCC. Our results suggest that 
preoperative 18FDG PET/CT is unnecessary for 
each patient with p16-negative OPSCC who will 
undergo curative surgery. Thus, we may not rec-
ommend preoperative 18FDG PET/CT for every 
patient with p16-negative OPSCC. Preoperative 
18FDG PET/CT can be used for patients with 
stage IVA and IVB OPSCC (Table 3 and Figure 
2). Our findings can be incorporated into nation-
al health policies to reduce unnecessary medi-
cal expenditure. 

This study has several limitations. First, all the 
patients with resectable p16-negative OPSCC 
were enrolled from an Asian population in 
Taiwan. Second, the reason for the use of pre-
operative PET/CT remained unclear in this ret-
rospective analysis; this may lead to selection 
bias, although the NHI has been reimbursing 
18F-FDG-PET/CT performed for the initial stag-
ing of HNC since July 2004. Third, the effects  
of preoperative PET/CT might be underestimat-
ed because some of the patients were consid-
ered as non-PET/CT controls; although they 
may have undergone PET/CT, it was not record-
ed. Finally, although differences in clinical stag-
es I-III between groups were not statistically 
significant (P > 0.05), the sample size of the 
intervention (preoperative PET/CT) for patients 
with stage I-III disease was small. To obtain cru-
cial 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 tri-
als in daily practice might be difficult because 
not administering preoperative PET/CT to 
patients with advanced OPSCC for their inclu-
sion 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 treat-
ment information. Lifelong follow-up was pos-
sible through the linkage of the registry with the 
national Cause of Death database. Considering 
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the magnitude and statistical significance of 
the observed effects in the current study, the 
limitations are unlikely to affect our con- 
clusions. 

Conclusions

Our results demonstrated that preoperative 
18F-FDG PET/CT use was associated with a 
lower risk of mortality in the patients with stage 
IVA and IVB p16-negative OPSCC without 
metastasis. The use of this modality allowed for 
better staging concordance between clinical 
and final pathological stages. We observed no 
survival benefit of the use of preoperative 18F-
FDG PET/CT in the patients with stage I-III dis-
ease. A large randomized controlled trial would 
be necessary to confirm these findings. 
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