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Abstract: Second primary cancer (SPC) is the second most common cause of death among patients
diagnosed with head and neck cancer. This study examined the risk of SPC following oropharyngeal
squamous cell carcinoma (OPSCC) and the impact of human papillomavirus (HPV) on survival
following SPC. The study was a population-based, retrospective study including all patients diag-
nosed with OPSCC in eastern Denmark from 2000-2020 who received curative intended treatment.
The incidence rate ratio (IRR), age-adjusted incidence rates (AAIR), and hazard ratios (HR) were
calculated. A total of 2584 patients with primary OPSCC were included (median follow-up time:
3.1 years), with 317 patients (12.3%) diagnosed with SPC. The risk of SPC was approximately five
times the occurrence of cancer in the general population (IRR: 4.96). The median time to SPC after
a primary OPSCC was 2.0 years (interquartile range (IQR) = 0.6—4.2 years). HPV-positive (HPV+)
patients had a significantly longer median time to SPC, and a significant better survival compared to
HPV-negative (HPV-) patients. SPC was most frequently found in lungs, head, and neck (LHN) for
HPV- OPSCC patients and lungs followed by gender-specific (prostate, ovaries, or endometrium)
for HPV+ OPSCC. There was a significant difference between the two groups when distributed
between “within” or “outside” LHN. Patients with SPC outside LHN had a significant better overall
survival. This knowledge should be considered during post-treatment surveillance and might guide
targeted imaging.

Keywords: second primary cancer; oropharyngeal cancer; human papillomavirus; squamous cell carcinoma

1. Introduction

The global incidence of oropharyngeal squamous cell carcinoma (OPSCC) is estimated
to be approximately 93,000 new patients per year [1]. During the past decades, the incidence
of OPSCC has been increasing in the Western world [2], mainly due to an increase in
human papillomavirus-positive (HPV+) OPSCCs [3-5]. We previously reported a high and
increasing incidence of OPSCC with age-adjusted incidence rates (AAIR) per 100,000 from
1.8 in 2000 to 5.1 in 2017 in eastern Denmark, primarily driven by an increase in HPV+
OPSCC with 65% of OPSCCs being HPV+, with HPV16 as the predominant genotype
(86%) [4,6-9]. In addition to HPV, well-known risk factors for developing OPSCC are
tobacco smoking and alcohol consumption [10].
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HPV+ OPSCC patients have a better prognosis and demonstrate distinct clinical,
histopathological, and genetic characteristics compared to HPV-negative (HPV-) OPSCC
patients [10-14]. The tumour suppressor p16 is often overexpressed in HPV+ OPSCCs, and
may therefore be used as a surrogate marker for HPV DNA. Solely double positivity for
pl16 and HPV DNA (p16+/HPV DNA+) implicates a better prognosis [15].

Secondary primary cancer (SPC) is the second most common cause of death among pa-
tients with head and neck squamous cell carcinomas (HNSCCs), including OPSCC [16-18].
SPCs are divided into two groups: synchronous SPCs diagnosed at the same time or within
six months after the primary cancer and metachronous SPCs diagnosed more than six
months after [19]. The majority of SPCs are metachronous, while synchronous cancer is a
relatively rare event but is clinically important since it might affect treatment regimen [20].

Alcohol consumption and tobacco smoking are notable risk factors for developing
SPC, especially regarding cancers localized in the upper aerodigestive tract, lungs, and
oesophagus [21]. Studies have shown that p16+ OPSCCs have lower risk of SPC [22],
primarily driven by a decrease in SPCs within the upper aerodigestive tract [23,24].

It is important to better characterize the risk of SPC in OPSCC and the relation to HPV
status to improve screening, treatment, and follow-up strategies and hence oncologic outcomes.

To our knowledge, the incidence and pattern of SPC in patients with OPSCC have not
been evaluated in a population-based study in a high-HPV-prevalence area in patients with
known HPV DNA and p16 status. The aim of this study was to examine the risk of SPC
in patients with OPSCC in eastern Denmark from 2000-2020. Further, we evaluated the
survival following SPC in relation to HPV status.

2. Materials and Methods
2.1. Patient Cohort

The cohort consisted of all patients diagnosed with OPSCC between 2000-2020 in
eastern Denmark, comprising approximately 46% of the Danish population. All patients
were diagnosed and treated in head and neck surgery departments and/or oncology
departments at public university hospitals in Eastern Denmark. All patients registered
with OPSCC in the Danish Head and Neck Cancer Group (DAHANCA) database and
the Danish Pathology Databank and identified by a personal identification number were
included. All data were gathered in a REDcap® [25,26] database containing information
on both clinical and tumour characteristics at the time of OPSCC diagnosis (baseline),
including age, sex, sublocation of OPSCC (palatine tonsils, base of tongue, and ‘other
sublocations’ (uvula, soft palate, oropharyngeal wall)), Union for International Cancer
Control 8th edition (UICC8) TNM-classification, tumour stage, tobacco-smoking status
(never smoker, former smoker, current smoker), alcohol consumption (no abuse, previous
abuse, or current abuse, defined by >7 units per week for females and >14 units per week
for men), histopathological type (non-keratinizing, keratinizing /hybrid /other), HPV DNA
status, p16 status, WHO performance score, follow-up time, prior cancers, chemotherapy
type, and SPC.

2.2. HPV Analysis

Histological specimens were reviewed for p16 staining by immunohistochemistry
(IHC) by specialized pathologists and analysed for HPV DNA by polymerase chain reaction
(PCR) using general primers GP5+/6+ as previously described [5,6,15]. HPV+ patients
were defined as being positive if they were positive for both HPV DNA and p16 [5,6].

2.3. SPC Definition
SPC was defined as a new malignancy fulfilling the following criteria:

e  Basal cell carcinoma of the skin was excluded;
e  The tumour had to be biopsy verified and identified through The Danish Pathology Databank;
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e Cancers in the oropharynx were considered a recurrence within the first five years
after primary diagnosis. OPSCC later than five years after primary diagnosis was
considered a SPC unless specifically stated as a recurrence in medical journals;

e  Cancers in the head and neck area that were evaluated to be a different localization
than the oropharynx by a multidisciplinary team or evaluated to be histologically or
cytologically different were considered a SPC unless specifically stated as a recurrence
in medical files;

e  Synchronous and metachronous cancers were pooled, and therefore, no time limit was used.

2.4. Statistical Analysis

Statistical analysis was performed in R statistics version 4.1.3 [27]. Linearity of the
continuous covariables was tested by plotting the Martingale residuals against continuous
covariables (see Supplementary Figure S1). We further tested for proportionality of the vari-
ables by log-minus-log curves and Schoenfeld residual plots (see Supplementary Figure S2).

Continuous variables were reported as median values with range or interquartile
range (IQR) and categorical variables as frequencies. To test the variables for significance,
we used Pearson’s chi-square test for the binomial categoric covariables and a t-test for
the quantitative covariables distributed in two groups. On M-classification, we used
Fischer’s exact test due to the low number of cases. We considered a p-value <0.05 as
statistically significant.

Univariable and multivariable Cox regression analysis were performed in R with
the packages Survminer and Survival [27]. In the multivariable Cox regression analysis,
we adjusted for the variables age, sex, sublocation for the primary OPSCC, UICCS stage,
UICCS8 T-classification, UICC8 N-classification, smoking status, and HPV status. UICC8
M-classification was excluded due to the low occurrence to prevent statistical instability.
Variables were selected based on clinical experience as well as prior studies. The time
variable was the time from the date of OPSCC diagnosis to either the date of SPC, time to
last follow-up, or death. An incidence rate ratio (IRR) was calculated for all included cases
with the general population in Denmark used as reference. Data were retrieved from the
national health register administrated by the Danish Health Data Authority and from the
Statbank administered by Statistics Denmark [28].

Age-adjusted incidence rates (AAIR) per 100,000 were calculated using the direct
method with the EpiTools [27] package using the eastern Denmark population and WHO
world standard population as reference [29].

Kaplan—-Meier curves were made to compare survival for patients with SPC stratified
by HPV status and SPC localization with baseline at the date of biopsy-verified SPC
diagnosis. Significance was assessed with the log-rank method. The one-, three-, and
five-year overall survival was calculated for both HPV- and HPV+ patients.

3. Results
3.1. Characteristics of the Cohort at the Time of Diagnosis

Among a total of 2854 patients diagnosed with OPSCC, 264 patients were excluded due
to non-curative treatment intent. We further excluded six patients with synchronous bilat-
eral tonsillar squamous cell carcinoma (BiTSCC) since the mechanism is poorly understood
and therefore is controversial [19]. In total, we enrolled 2584 patients with biopsy-verified
OPSCCs. Most patients received radiotherapy either combined with surgery, chemotherapy,
or both surgery and chemotherapy (n = 2370, 91.7%). Cisplatin was the predominant drug
used for chemotherapy (1 = 1094, 91.6%). For more baseline characteristics, see Table 1.
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Table 1. Baseline characteristics of patients with and without second primary cancer (SPC) following
primary oropharyngeal squamous cell carcinoma (OPSCC) diagnosed in eastern Denmark during the
period 2000-2020.

SPC- SPC+

- *
Total (n = 2267, 87.7%) (n = 317, 12.3%) p-Value
Median age at diagnosis, 61 (30-92) 60 (30-92) 64 (37-86)  <0.001*
(range) years
Sex, n (%) 2584 (100%)
Female 697 (7.0%) 609 (26.9%) 88 (27.8%)  0.736
Male 1887 (73.0%) 1658 (731%) 229 (72.2%)
UICCS8 T-classification, n (%) 2575 (100%)
1 635 (24.7%) 559 (24.7%) 76 (24.1%) 0.896
2 1065 (414%) 926 (41.0%) 139 (44.0%) :
3 529 (20.5%) 468 (20.7%) 61 (19.3%)
4 346 (13.4%) 306 (13.5%) 40 (12.7%)
UICCS8 N-classification, n (%) 2584 (100%)
0 589 (22.8%) 488 (21.5%) 101 (31.9%) <0.001 *
1 1306 (50.5%) 1161 (51.2%) 145 (45.7%) ’
2 580 (224%) 522 (230%) 58 (18.3%)
3 109 (4.2%) 9% (4.2%) 13 (4.1%)
UICC8 M-classification, n (%) 2569 (100%)
0 2551 (99.3%) 2237 (99.3%) 314 (99.4%) 1.000
1 18 (0.7%) 16 (0.7%) 2 (0.6%)
UICCS Stage, n (%) 2518 2 (100%)
I 1127 (44.8%) 1006 (45.6%) 121 (38.8%)
II 489 (194%) 414 (188%) 75 (4.0%)  0.077
I 427 17.0%) 371 (168%) 56 (17.9%)
v 475 (18.9%) 415 (18.8%) 60 (19.2%)
Alcohol consumption **, n (%) 2583 (100%)
No abuse 1059 (41.0%) 951 (42.0%) 108 (34.1%) 0.007 *
Previous or current abuse 1524 (59.0%) 1315 (58.0%) 209 (65.9%)
Smoking status, n (%) 2555 (100%)
Never smoker 566 (22.2%) 513 (22.9%) 53 (16.9%) 0.032 *
Former smoker 1001 (39.2%) 862 (38.4%) 139 (44.4%) ’
Current smoker 988 (38.7%) 867 (38.7%) 121 (38.7%)
Histopathological type, 1 (%) 2514 (100%)
Non-keratinizing 1378 (54.8%) 1240 (56.2%) 138 (44.8%) 0.002 *
Keratinizing/hybrid/other 1136 (45.2%) 966 (43.8%) 170 (55.2%)
,I;I(I:/V) status (HPV DNA/p16), 2584 (100%)
° HPV-negative 1052 (40.7%) 892 (39.3%) 160 (50.5%)  <0.001*
HPV-positive 1532 (59.3%) 1375 (60.7%) 157 (49.5%)
Primary tumour location, n (%) 2584 (100%)
Palatine tonsils 1308 (50.6%) 1149 (50.7%) 159 (502%) () o0p
Base of tongue 762 (29.5%) 688 (30.3%) 74 (23.3%) ’
Other 514 (19.9%) 430 (19.0%) 84 (26.5%)
Performance score, n (%) 2248 (100%)
0 1697 (75.5%) 1499 (75.9%) 198 (723%) 0211

1-4 551 (245%) 475 (241%) 76 (27.7%)
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Table 1. Cont.

SPC- SPC+ .
Total (n = 2267, 87.7%) (n =317, 12.3%) p-Value

Prior cancer, n (%)
No
Yes

2575 (100%)
2308 (89.6%) 2035 (90.0%) 273 (86.9%)  0.095
267 (104%) 226 (10.0%) 41 (13.1%)

Chemotherapy type, n (%)
Cisplatin
Other ***

1194 (100%)
1094 ©1.6%) 986 91.3%) 108 94.7%) 0207
100 (8.4%) 94 (8.7%) 6 (5.3%)

Factors significantly different in patients with and without SPC were age, UICC8 N-stage, alcohol consumption,
smoking status, carcinoma type, HPV status, and primary tumour localization.Abbreviations: SPC, second
primary malignancy; SPC-, patients without a SPC; SPC+, patients with a SPC; HPV, human papillomavirus;
UICCS, Union for International Cancer Control eighth edition; HPV status (HPV DNA and p16), only double
positive counts for HPV-positive. * Statistical significance. The Pearson’s chi’ test was used for statistical
significance for the categorical variables. t-test was used for significance on the age variable and Fisher’s test for
UICC8 M-classification. ** Female: alcohol abuse is defined as >7 units per week. Male: alcohol abuse is defined
as >14 units per week. *** Carboplatin, epidermal growth factor receptor (EGFR) inhibitors, cisplatin + EGFR
inhibitors, or “other”. * The total number of cases differs due to unavailable data per variable. " Total number of
patients who received chemotherapy.

3.2. Factors Associated with the Risk of SPC

A total of 317 (12.3%) patients were diagnosed with a SPC following their OPSCC.
Median time to SPC was 2.0 years (IQR = 0.6-4.2 years). HPV+ OPSCC had a signifi-
cantly longer median time to SPC (p = 0.006) compared to HPV- OPSCC with a median
time to SPC of 2.8 years (IQR = 0.7-5.2 years) for HPV+ OPSCC patients and 1.7 years
(IQR = 0.5-3.3 years) for HPV- OPSCC patients, respectively. Patients having a SPC were
significantly older (median age 64 years (37-86 years) versus 61 years (30-92 years),
p <0.001), were more likely to have lymph node metastasis (p < 0.001), and showed a
significant difference in UICC8 N-classification. Overall, the two groups were similar in
terms of sex, UICC8 T- and M-classification, tumour stage, performance score, chemother-
apy type, and prior cancer. See Table 1.

The multivariable analysis showed an increased hazard ratio (HR) for age (HR = 1.04,
p < 0.001) and UICCS stage II (HR = 1.80, p = 0.004) and trended toward increased HR in
UICCS stage III (HR = 1.60, p = 0.057) and UICCS stage IV (HR = 1.94, p = 0.058). HPV+
patients showed a significantly decreased HR (HR = 0.56, p = 0.001) as well as N2 cases
(HR =0.61, p = 0.036). No association in the risk of SPC was found between sex (p = 0.287)
or sublocations (base of tongue p = 0.123 and “other” p = 0.887), with palatine tonsils
as reference. Further, UICC8 T2 (p = 0.302), T3 (p = 0.072), and T4 (p = 0.722); UICC8
N-classification N1 (p = 0.129) and N3 (p = 0.466); AND smoking status (“former smoker”,
p = 0.112 and “current smoker”, p = 0.594) were not significant. See Table 2.

Table 2. Univariable and multivariable analysis of possible risk factors for SPC.

Risk Factors

Univariable Multivariable

HR [95% CI] p-Value HR [95% CI] p-Value

Age

1.05 [1.04-1.06] <0.001 * 1.04 [1.03-1.06] <0.001 *

Sex
Female
Male

Ref. - Ref. -
1.03[0.80-1.31] 0.836 1.15[0.89-1.48] 0.287

Sublocation
Palatine tonsils
Base of tongue
Other

Ref. - Ref. -
0.91 [0.69-1.21] 0.524 0.80 [0.61-1.07] 0.132
1.82[1.39-2.37] <0.001 * 1.02 [0.75-1.39] 0.887
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Table 2. Cont.

Risk Factors grll{“[lga ;Zbcl(;] p-Value gll{ﬂ[t ;‘5’3/:12];]1 € p-Value
UICC8-stage

I Ref. - Ref. -

II 1.76 [1.32-2.35] <0.001 * 1.80 [1.20-2.69] 0.004 *

III 1.84 [1.34-2.53] <0.001 * 1.60 [0.99-2.59] 0.057

v 2.47 [1.80-3.39] <0.001 * 1.94 [0.98-3.87] 0.058
UICCS T-classification

T1 Ref. - Ref. -

T2 1.02 [0.77-1.35] 0.900 0.86 [0.64-1.15] 0.302

T3 1.19 [0.85-1.66] 0.323 0.67 [0.44-1.04] 0.072

T4 1.60 [1.09-2.35] 0.017 * 0.91 [0.53-1.54] 0.722
UICCS8 N-classification

NO Ref. - Ref. -

N1 0.52 [0.40-0.66] <0.001 * 0.80 [0.60-1.07] 0.129

N2 0.74 [0.53-1.02] 0.068 0.61 [0.38-0.97] 0.036 *

N3 0.81 [0.45-1.44] 0.465 0.77 [0.37-1.57] 0.466
Smoking status

Never smoker Ref. - Ref. -

Former smoker 1.63 [1.19-2.24] 0.002 * 1.03 [0.94-1.80] 0.112

Current smoker 1.89 [1.37-2.62] <0.001 * 1.10 [0.77-1.59] 0.594
HPYV status (HPV DNA/p16)

HPV-negative Ref. - Ref. -

HPV-positive 0.411 [0.33-0.52] <0.001 * 0.56 [0.40-0.80] 0.001 *

Table 2 shows results of the univariable and multivariable Cox regression analysis of SPC on the independent
variables of age, sex, tumour sublocation, UICC8-stage, UICC8 T-classification, UICC8 N-classification, smoking
status, and tumour HPV status (DNA and p16), only double positive counts for HPV-positive. Abbreviations:
HPYV, human papillomavirus; HR, hazard ratio; CI. confidence interval;, UICCS8, Union for International Cancer
Control eighth edition; SPC, second primary cancer. * Statistical significance.

3.3. Incidence Trends and Characteristics of SPC

We observed an overall increasing trend in AAIR of SPC per 100,000 from 2000-2020,

which is shown in Figure 1. The risk of SPC following OPSCC was almost five times greater
than the occurrence of cancer in the general population in Denmark with an IRR of 4.96
[95%CI: 4.33-5.68].

Age-adjusted rates per 100,000

2005

o
o
=1
~

010~

o~
Year of diagnosis

2015~

2020°

year

Figure 1. Age-adjusted incidence rates (AAIR) per 100,000 of SPC following treatment of OPSCC in
Eastern Denmark from 2000-2020. The total incidence of SPC showed an overall increase through the

period 2000 to 2020.



Viruses 2023, 15, 34

7 of 13

The localizations of SPC were most frequently the lungs (30.0%), head and neck
(16.4%), and the gastrointestinal tract (14.8%). Stratified by HPV status, we found that the
lungs (35.6%), the head and neck (19.4%), and the gastrointestinal tract (18.1%) were also
the most predominant localizations in patient diagnosed with HPV- OPSCC. For HPV+
OPSCC patients, the most frequent SPC localization was the lungs (24.2%), followed by
gender-specific localization (prostate, ovaries, or endometrium) (14.6%) and the head and
neck (13.4%). There was a significant difference between the two groups when distributed
between “within” or “outside” lungs, head, and neck (LHN) (p = 0.003). See Table 3.

Table 3. Localizations of SPC following OPSCC in eastern Denmark, overall and stratified by
HPV status.

HPV- HPV+ p-Value

Second primary cancer localization, n (%) 317 (100%) 160 (50.5%) 157 (49.5%)

Lung 95 (30.0%) 57 (35.6%) 38 (24.2%)

Head and neck 52 (16.4%) 31 (19.4%) 21 (13.4%)

Gastrointestinal tract 47 (14.8%) 29 (18.1%) 18 (11.5%)

Skin ** 29 (9.1%) 12 (7.5%) 17 (10.8%)

Gender-specific *** 24 (7.6%) 1 (0.6%) 23 (14.6%)

Haematologic cancer 21 (6.6%) 5 (3.1%) 16 (10.2%)

Breast 18 (5.7%) 10 (6.2%) 8 (5.1%)

Liver or pancreas 11 (3.5%) 6 (3.8%) 5 (3.2%)

Urologic cancer 11 (3.5%) 4 (2.5%) 7 (4.5%)

CNS or brain 4 (1.3%) 1 (0.6%) 3 (1.9%)

Non-oropharyngeal HPV-

Associated **** 3 (0.9%) 2 (1.3%) 1 (0.6%)

Other 2 (0.6%) 2 (1.3%) 0 (0.0%)
Localizations stratified by LHN, n (%)

Within LHN 88 (55.0%) 59 (37.6%) 0.003 *

Outside LHN 72 (45.0%) 98 (62.4%)

Table 3 shows the number of SPC distributed on tumour localization in total and stratified on HPV status. * There
was a significant difference between the two groups (p = 0.003) using the Pearson’s chi? test. ** Squamous cell
carcinoma or melanoma. *** Prostate, ovaries, or endometrium. **** Anal, vulvar, vaginal, or penile. Abbreviation:
HPYV, human papillomavirus; SPC, second primary malignancy; OPSCC, oropharynx squamous cell carcinoma;
LHN, lungs, head, and neck.

3.4. Survival Analysis after SPC

Figure 2 shows the overall survival after SPC stratified by HPV status. Median follow-
up time after SPC was 1.1 years (IQR = 0.46-2.27 years). One-year overall survival for the
HPV- OPSCC group was 63.3% [95%CI: 56.3-71.9%], and the three- and five-year overall
survivals were 31.5% [95%CI: 23.0-43.3%] and 24.2% [95%CI: 15.6-37.6%], respectively.
For HPV+ OPSCC patients, one-year survival was 72.1% [95%CI: 64.8-80.2%], three-year
survival was 50.2% [95%CI: 41.6-60.7%], and the five-year survival was 43.1% [95%CI:
33.7-55.1%]. There was a significant difference between the two groups (p = 0.003), as
patients with HPV+ OPSCC had a better survival.

Figure 3 shows the overall survival after SPC stratified by SPC localized “within”
or “outside” LHN. Patients with SPC localized outside the LHN had a significant better
survival (p = 0.01), and the one-, three-, and five-year overall survival was 70.6% [95%ClI:
63.7-78.4%], 52.3% [95%CI: 43.9-62.2%], and 45.1% [95%CI: 35.8-57.0%]. For patients
with SPC within LHN, the one-, three-, and five-year overall survival was 64.3% [95%CI:
56.6-73.1%], 28.6% [95%CI: 20.3-40.4%], and 20.8% [95%Cl: 12.6-34.3%], respectively.

7
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Survival probability

HPV status

Survival probability

SPC within or outside LHN

HPV status =+ Negative =¥ Positive

1.00 1
0.751
0.50 1
0.251
0001 :
0 1 2 3 4 5 6 7 8 9 10 11 12
Years
Number at risk
Negative 160 82 42 16 9 7 4 2 0 0 0 0 0
Positive 157 88 56 38 29 15 12 6 5 4 2 2 1
0 1 2 i3 4 5 6 7 8 9 10 11 12
Years
Figure 2. Kaplan-Meier plot depicting overall survival after SPC stratified on HPV status. The red
line shows patients with HPV+ OPSCC, and the blue line shows patients with HPV- OPSCC. The
difference is significant (p = 0.003), tested with the log-rank method. Abbreviation: HPV, human
papillomavirus; SPC, second primary malignancy.
SPC within or outside LHN == Within == Outside
1.001
0.751
0.50 1
0.251 ] - - +
0001 .
0 1 2 3 4 5 6 7 8 9 10 1 12
Years
Number at risk
Within 147 77 36 16 9 6 4 2 1 1 0 0 0
Outsideq 170 a3 62 38 29 16 12 6 4 3 2 2 1
0 1 2 3 4 5 6 7 8 9 10 11 12
Years

Figure 3. Kaplan—-Meier plot depicting overall survival after SPC stratified by SPC localized within
or outside the LHN. The red line shows patients with SPC outside LHN, and the blue line shows
patients with SPC within LHN. The difference is significant (p = 0.01) tested with the log-rank method.
Abbreviation: SPC, second primary malignancy; LHN, lungs, head, and neck.
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4. Discussion

To our knowledge, this is the largest consecutive, population-based retrospective study
including 2584 patients diagnosed with OPSCC that all were HPV- and p16-tested. In this
cohort from eastern Denmark from years 2000-2020, we found a high risk of SPC following
a primary OPSCC. The risk was nearly five times higher (IRR = 4.96) compared to the risk
of any cancer (the same type of malignancies) in the general population in Denmark [28]. It
is expected that head and neck cancer patients are more likely to develop SPCs since they
smoke and drink more compared to the general population [30]. This applies especially to
patients diagnosed with SPC in the upper aerodigestive tract, the lungs, or the oesophagus,
where the exposure of these carcinogens is most concentrated. Our study supports this
theory since most patients with SPC were former or current smokers, and significantly
more patients with SPC had a smoking history compared to patients without SPC. Leén, X.
et al. previously found an increased risk of SPC for patients continuing tobacco smoking
and alcohol consumption after treatment of a head and neck cancer, including OPSCC [31].
Whether patients continued to smoke tobacco and consume alcohol or had quit after their
primary OPSCC diagnosis was unfortunately not reported in this study, but the previous
finding by Ledn, X. et al. [31] should be used in guidance of patients to improve prognosis
after an OPSCC diagnosis.

We found an increased risk of SPC in older patients, which is not surprising since
age is a well-established risk factor in all types of cancer. We also saw a higher risk of
SPC in patients with a UICCS stage II OPSCC at the time of diagnosis, which calls for
further investigation since we cannot describe a clear explanation. Patients with a N2
classification at the time of diagnosis of OPSCC were shown to have a significantly lower
risk of SPC in our analysis. This might be because HPV+ patients more often have lymph
node involvement at the time of diagnosis. It would be of interest to examine baseline
characteristics stratified by HPV status to further investigate the observed association. The
risk of SPC was not associated with T-stage OPSCC or sublocation. HPV-positivity showed
to be a significant protecting factor, which is in line with the before-mentioned differences
in baseline characteristics between the subgroups of HPV+ and HPV- OPSCC patients.
Further, Bosshart, S.L. et al. [32] also found HPV+ to be a significant protecting factor for
SPC, which substantiates our finding. However, they did not find an association between
either age or tumour stage and the risk of SPC. The last-mentioned inconsistency and
the association between tumour stage and the risk of SPC following an OPSCC calls for
further research.

Most patients with OPSCC received primary radiation therapy with or without
chemotherapy, which is a well-known risk factor for developing SPC, but according to
Hashibe, M. et al. [33], the earliest radiation-induced SPCs for solid tumours are detected
10 years after treatment. Since we only had four patients diagnosed with SPC in the head
and neck region later than ten years after the index tumour, we do not consider radiation
as the major cause of SPC in this study.

The overall predominant sites of SPC were the lungs, head, and neck, and the gastroin-
testinal tract. The SPC localizations differed between patients with HPV+ and HPV- OPSCC
index tumours and head and neck were only the third most frequent site for HPV+ OPSCC
compared to the second most frequent site in HPV- OPSCC. In contrast to patients with
HPV- OPSCC, gender-specific SPCs were more common for patients with HPV+ OPSCC
than head and neck malignancies. Further, HPV+ patients had a better overall survival
than HPV- patients, reflecting the well-established clinical differences between patients
with HPV+ and HPV- OPSCC. Since the lungs are the most predominant site for both HPV+
and HPV- and since the lungs are a common site for distant metastasis from OPSCC, we
find it relevant, in the future, to further studies to investigate new malignancies in the
lungs following OPSCC to better differentiate between SPC and recurrence [34]. Further,
the different distribution of SPC localizations could be linked to an immunosuppressed
state, which was described in patients with HPV+ OPSCC earlier [35,36]. Interestingly, the
incidence of SPC within the LHN was significantly different in HPV+ and HPV- OPSCC
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(p = 0.003), at 37.6% and 55.0%, respectively. We also found that patients with SPC outside
the LHN area had a significant and better survival compared to patients with SPC within
the LHN (p = 0.01), which probably reflects the inferior survival of lung cancer and the
challenges of treating a second cancer in the head and neck area. Holstead, R. et al. [23] also
found an association between HPV+ OPSCC and SPC outside the LHN area and requested
further investigation for development of individualized guidelines. Due to the high risk of
SPC following OPSCC, clinicians should be aware of this in the post-treatment surveillance
of patients, especially in the first years after diagnosis (median time to SPC 2.0 years). The
attention should be further increased in HPV- patients since they develop SPC significantly
earlier than HPV+ OPSCC patients (p = 0.001) and have a worse survival, which is in line
with other studies [21,24]. Additional, especially the LHN area should be investigated close
for early detection of SPC to improve survival.

According to HPV status and the overall risk of SPC, we found a significantly lower
risk of SPC in patients with HPV+ OPSCC index tumours. Other studies also found a lower
risk of SPC in patients with p16+ OPSCC [22,32] but did not use double positivity for both
HPV DNA and p16, as in this study. Based on the same database, Grenhgj, C. et al. [34]
established earlier that HPV+ patients are less likely to have both distant- (p = 0.02) and
loco-regional (p = 0.001) recurrence following OPSCC. In this study, we found a significantly
better overall survival following SPC for HPV+ OPSCC compared to HPV- (p = 0.003).
These findings could be due to the patients diagnosed with HPV+ OPSCC being younger,
demonstrating less comorbidity, and having a more favourable smoking history, as shown
earlier [37]. Furthermore, this might also reflect the differences in SPC localization in HPV+
OPSCC and HPV- OPSCC patients, with the incidence of SPC within the LHN area being
significantly lower in the HPV+ OPSCC group. Most patients in this study were treated
with radiotherapy or chemoradiotherapy, which challenges treatment of a SPC in the head
and neck area since a second radiation in the same area is often not an option. This might
explain the inferior survival in patients with SPC in the head and neck area, which is shown
to be more represented in HPV- patients and might support their poorer survival.

The current study was restricted by its retrospective design. Further, there is no
international consensus on how to define an SPC, and hence, the definition differs between
studies [3,20,21,31,38]. In this study, we considered all second tumours within five years
after primary OPSCC diagnosis at the same localization as a recurrence of the index tumour
though it could be a potential SPC. This might affect the total number of SPC. A worldwide
restricted consensus on the definition of SPC could be useful when comparing studies.

The strength of this study was the large size of the population-based, non-selected,
consecutive cohort of all patients diagnosed with OPSCC in eastern Denmark with a high
number of events, appropriate follow-up time, and a broad knowledge of clinical data and
tumour characteristics, including both HPV DNA and p16 status. Further, it was a strength
that all patients received a standardized treatment through the whole period, following the
same guidelines.

5. Conclusions

This study identified a high incidence of SPC (12.3%) among 2584 patients following a
primary OPSCC in eastern Denmark from 2000-2020. The risk of SPC in patients diagnosed
with OPSCC was nearly five times higher (IRR = 4.96) compared to the risk of cancer in the
general population in Denmark. The most frequent localization of SPC was the LHN, but a
different distribution was found in HPV+ and HPV- OPSCC, with SPC within the LHN
being significantly lower in HPV+ OPSCC. The survival after SPC was significant better in
HPV+ OPSCC and patients with SPC outside the LHN area.

This knowledge should be considered during post-treatment surveillance and might
guide targeted imaging for early detection and thereby improve prognostication.



Viruses 2023, 15, 34 11 of 13

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/v15010034/s1, Figure S1: Model control testing for linearity of the
continuous covariables by plotting the Martingale residuals against continuous covariables; Figure S2:
Proportionality of the variables tested by log-minus-log curves showed in Schoenfeld residual plots.

Author Contributions: Conceptualization, L.A., A.-LEC., KK]., and C.v.B.; methodology, L.A.,
KXKJ., A.-L.EC,, and C.v.B; validation, L.A., KKJ., A.-L.EC., M.G.-Z,, J.F, KK, R.LM.,, C.O., ECN,,
E.A., C.G,, and C.v.B,; formal analysis, L.A. and K.K.J.; investigation, L.A.; resources, KK., R.L.M.,
C.0,,EC.N,, and C.v.B,; data curation, L.A., KK/J., and A.-L.EC.; writing—original draft preparation,
L.A.; writing—review and editing, L.A., KKJ., A.-L.EC., and C.v.B,; visualization, L.A.; supervision,
C.v.B.; project administration, C.v.B. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of Research Ethics
Committee (protocol code H-20072877, 26 November 2020 and 22 April 2021).

Informed Consent Statement: Patient consent was waived in agreement with Research Ethics Committee.

Data Availability Statement: Publicly archived datasets analysed or generated during the study
are shown in the following references [28-30]. See Data Availability Statements in section “MDPI
Research Data Policies” at https://www.mdpi.com/ethics, accessed on 1 December 2022.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

Ferlay, J.; Colombet, M.; Soerjomataram, I.; Mathers, C.; Parkin, D.M.; Pifieros, M.; Znaor, A.; Bray, F. Estimating the global cancer
incidence and mortality in 2018: GLOBOCAN sources and methods. Int. J. Cancer 2019, 144, 1941-1953. [CrossRef] [PubMed]
Blomberg, M.; Nielsen, A.; Munk, C.; Kjaer, S.K. Trends in head and neck cancer incidence in Denmark, 1978-2007: Focus on
human papillomavirus associated sites. Int. . Cancer 2010, 129, 733-741. [CrossRef] [PubMed]

Suk, R.; Mahale, P; Sonawane, K.; Sikora, A.G.; Chhatwal, J.; Schmeler, K.M.; Sigel, K.; Cantor, S.B.; Chiao, E.Y.; Deshmukh, A.A.
Trends in Risks for Second Primary Cancers Associated With Index Human Papillomavirus—Associated Cancers. JAMA Netw.
Open 2018, 1, €181999. [CrossRef] [PubMed]

Garnaes, E; Kiss, K.; Andersen, L.; Therkildsen, M.H.; Franzmann, M.B.; Filtenborg-Barnkob, B.; Hoegdall, E.; Krenk, L.; Josiassen,
M.; Lajer, C.B.; et al. A high and increasing HPV prevalence in tonsillar cancers in Eastern Denmark, 2000-2010: The largest
registry-based study to date. Int. ]. Cancer 2014, 136, 2196-2203. [CrossRef]

Garnaes, E.; Kiss, K.; Andersen, E.; Therkildsen, M.H.; Franzmann, M.B.; Filtenborgbarnkob, B.; Hoegdall, E.; Lajer, C.; Specht, L.;
Joenson, L.; et al. Increasing incidence of base of tongue cancers from 2000 to 2010 due to HPV: The largest demographic study of
210 Danish patients. Br. J. Cancer 2015, 113, 131-134. [CrossRef]

Carlander, A.-L.E; Gronhoj Larsen, C.; Jensen, D.H.; Garnees, E.; Kiss, K.; Andersen, L.; Olsen, C.H.; Franzmann, M.; Hegdall, E.;
Kjeer, S.K,; et al. Continuing rise in oropharyngeal cancer in a high HPV prevalence area: A Danish population-based study from
2011 to 2014. Eur. J. Cancer 2017, 70, 75-82. [CrossRef]

Attner, P; Du, J.; Nasman, A.; Hammarstedt-Nordenvall, L.; Ramqvist, T.; Lindholm, J.; Marklund, L.; Dalianis, T.; Munck-
Wikland, E. The role of human papillomavirus in the increased incidence of base of tongue cancer. Int. . Cancer 2010, 126,
2879-2884. [CrossRef]

Zamani, M.; Grenhgj, C.; Jensen, D.H.; Carlander, A.F,; Agander, T; Kiss, K.; Olsen, C.; Baandrup, L.; Nielsen, F.C.; Andersen,
E.; et al. The current epidemic of HPV-associated oropharyngeal cancer: An 18-year Danish population-based study with 2169
patients. Eur. ]. Cancer 2020, 134, 52-59. [CrossRef]

Garset-Zamani, M.; Carlander, A.F,; Jakobsen, K.K.; Friborg, J.; Kiss, K.; Marvig, R.L.; Olsen, C.; Nielsen, F.C.; Andersen, E.;
Gronhgj, C.; et al. Impact of specific high-risk human papillomavirus genotypes on survival in oropharyngeal cancer. Int. J.
Cancer 2021, 150, 1174-1183. [CrossRef]

Marur, S.; Forastiere, A.A. Head and Neck Squamous Cell Carcinoma: Update on Epidemiology, Diagnosis, and Treatment. In
Mayo Clinic Proceedings; Elsevier: Amsterdam, The Netherlands, 2016; Volume 91, pp. 386-396.

Cancer Genome Atlas Network. Comprehensive genomic characterization of head and neck squamous cell carcinomas. Nature
2015, 517, 576-582. [CrossRef]

Hayes, D.N.; Van Waes, C.; Seiwert, T.Y. Genetic Landscape of Human Papillomavirus—-Associated Head and Neck Cancer and
Comparison to Tobacco-Related Tumors. J. Clin. Oncol. 2015, 33, 3227-3234. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/v15010034/s1
https://www.mdpi.com/article/10.3390/v15010034/s1
https://www.mdpi.com/ethics
http://doi.org/10.1002/ijc.31937
http://www.ncbi.nlm.nih.gov/pubmed/30350310
http://doi.org/10.1002/ijc.25699
http://www.ncbi.nlm.nih.gov/pubmed/20878955
http://doi.org/10.1001/jamanetworkopen.2018.1999
http://www.ncbi.nlm.nih.gov/pubmed/30646145
http://doi.org/10.1002/ijc.29254
http://doi.org/10.1038/bjc.2015.198
http://doi.org/10.1016/j.ejca.2016.10.015
http://doi.org/10.1002/ijc.24994
http://doi.org/10.1016/j.ejca.2020.04.027
http://doi.org/10.1002/ijc.33893
http://doi.org/10.1038/nature14129
http://doi.org/10.1200/JCO.2015.62.1086
http://www.ncbi.nlm.nih.gov/pubmed/26351353

Viruses 2023, 15, 34 12 of 13

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.
29.
30.
31.
32.
33.

34.

35.

36.

Lewis, J.S., Jr.; Khan, R.A.; Masand, R.P.; Chernock, R.D.; Zhang, Q.; Al-Naief, N.S.; Muller, S.; McHugh, J.B.; Prasad, M.L.;
Brandwein-Gensler, M. Recognition of nonkeratinizing morphology in oropharyngeal squamous cell carcinoma-a prospective
cohort and interobserver variability study. Histopathology 2012, 60, 427-436. [CrossRef] [PubMed]

Attner, P; Du, J.; Ndsman, A.; Hammarstedt-Nordenvall, L.; Ramqvist, T.; Lindholm, J.; Marklund, L.; Dalianis, T.; Munck-
Wikland, E. Human papillomavirus and survival in patients with base of tongue cancer. Int. J. Cancer 2010, 128, 2892-2897.
[CrossRef] [PubMed]

Garnaes, E.; Frederiksen, K,; Kiss, K.; Andersen, L.; Therkildsen, M.H.; Franzmann, M.B.; Specht, L.; Andersen, E.; Norrild, B.;
Kjaer, S.K.; et al. Double positivity for HPV DNA/p16 in tonsillar and base of tongue cancer improves prognostication: Insights
from a large population-based study. Int. ]. Cancer 2016, 139, 2598-2605. [CrossRef] [PubMed]

Leodn, X.; Venegas, M.D.P; Orts, C.; Kolaficzak, K.; Garcia, ].; Quer, M. Metachronous second primary tumours in the aerodigestive
tract in patients with early stage head and neck squamous cell carcinomas. Eur. Arch. Oto-Rhino-Laryngol. Head Neck 2005, 262,
905-909. [CrossRef]

Baxi, S.S.; Pinheiro, L.C.; Patil, S.M.; Pfister, D.G.; Oeffinger, K.C.; Elkin, E.B. Causes of death in long-term survivors of head and
neck cancer. Cancer 2014, 120, 1507-1513. [CrossRef]

Norregaard, C.; Gronhgj, C.; Jensen, D.; Friborg, J.; Andersen, E.; von Buchwald, C. Cause-specific mortality in HPV+ and HPV —
oropharyngeal cancer patients: Insights from a population-based cohort. Cancer Med. 2017, 7, 87-94. [CrossRef]

Saber, C.N.; Gronhgj, C.; Jensen, D.H.; Norregaard, C.; Carlander, A.; Garnees, E.; Kiss, K.; Specht, L.; von Buchwald, C.
Synchronous, bilateral tonsillar carcinomas: Patient characteristics and human papillomavirus genotypes. Oral Oncol. 2017, 74,
105-110. [CrossRef]

Jain, K.S,; Sikora, A.G.; Baxi, S.S.; Morris, L.G. Synchronous cancers in patients with head and neck cancer: Risks in the era of
human papillomavirus-associated oropharyngeal cancer. Cancer 2013, 119, 1832-1837. [CrossRef]

Milliet, E; Bozec, A.; Schiappa, R.; Viotti, J.; Modesto, A.; Dassonville, O.; Poissonnet, G.; Guelfucci, B.; Bizeau, A.; Vergez, S.; et al.
Synchronous primary neoplasia in patients with oropharyngeal cancer: Impact of tumor HPV status. A GETTEC multicentric
study. Oral Oncol. 2020, 112, 105041. [CrossRef]

Bollig, C.A ; Lee, D.S.; Mazul, A.L.; Stepan, K.; Puram, S.V.,; Massa, S.T.; Zenga, ].; Faden, D.L.; Doering, M.M.; Jackson, R.S.; et al.
Systematic Review of Second Primary Oropharyngeal Cancers in Patients With p16+ Oropharyngeal Cancer. Otolaryngol. Neck
Surg. 2020, 164, 733-740. [CrossRef] [PubMed]

Holstead, R.; Rasul, R.; Golden, A.; Kamdar, D.; Ghaly, M.; Teckie, S.; Frank, D.; Fantasia, J.; Seetharamu, N. Identifying patterns
of failure and secondary primary malignancies in HPV-related oropharyngeal squamous cell carcinomas. Futur. Oncol. 2020, 16,
199-207. [CrossRef] [PubMed]

Xu, C.C,; Biron, V.L.; Puttagunta, L.; Seikaly, H. HPV Status and second primary tumours in Oropharyngeal Squamous Cell
Carcinoma. J. Otolaryngol. Head Neck Surg. 2013, 42, 36. [CrossRef] [PubMed]

Harris, P.A.; Taylor, R.; Minor, B.L.; Elliott, V.; Fernandez, M.; O'Neal, L.; McLeod, L.; Delacqua, G.; Delacqua, E; Kirby, J.; et al.
The REDCap consortium: Building an international community of software platform partners. J. Biomed. Inform. 2019, 95, 103208.
[CrossRef]

Harris, P.A.; Taylor, R.; Thielke, R.; Payne, ].; Gonzalez, N.; Conde, ].G. Research electronic data capture (REDCap)—A metadata-
driven methodology and workflow process for providing translational research informatics support. J. Biomed. Inform. 2009, 42,
377-381. [CrossRef]

rStudio Team. RStudio: Integrated Development Environment for R; RStudio, P.: Boston, MA, USA, 2021; Available online:
http:/ /www.rstudio.com/ (accessed on 29 September 2022).

eSundhed. Available online: https:/ /www.esundhed.dk/ (accessed on 5 May 2021).

Statistics Denmark. Available online: https:/ /www.statistikbanken.dk/ (accessed on 11 September 2022).

Kreeftens Bekeempelse. Available online: https://www.cancer.dk/ (accessed on 5 July 2021).

Leon, X.; Venegas, M.D.P,; Orus, C.; Lépez, M.; Garcia, J.; Quer, M.; Lorenzo, J.G. Influence of the persistence of tobacco and
alcohol use in the appearance of second neoplasm in patients with a head and neck cancer. A case—control study. Cancer Causes
Control. 2008, 20, 645-652. [CrossRef]

BBosshart, S.; Morand, G.; Broglie, M. Frequency and Localization of Second Primary Tumors in Patients with Oropharyngeal
Carcinoma—The Influence of the Human Papilloma Virus. Cancers 2021, 13, 1755. [CrossRef]

Hashibe, M.; Ritz, B.; Le, A.D.; Li, G.; Sankaranarayanan, R.; Zhang, Z.-F. Radiotherapy for oral cancer as a risk factor for second
primary cancers. Cancer Lett. 2005, 220, 185-195. [CrossRef]

Gronhgj, C.; Jakobsen, K.K,; Jensen, D.H.; Rasmussen, J.; Andersen, E.; Friborg, J.; von Buchwald, C. Pattern of and survival
following loco-regional and distant recurrence in patients with HPV+ and HPV — oropharyngeal squamous cell carcinoma: A
population-based study. Oral Oncol. 2018, 83, 127-133. [CrossRef]

Oguejiofor, K.; Galletta-Williams, H.; Dovedi, S.J.; Roberts, D.L.; Stern, P.L.; West, C.M. Distinct patterns of infiltrating CD8+
T cells in HPV+ and CD68 macrophages in HPV- oropharyngeal squamous cell carcinomas are associated with better clinical
outcome but PD-L1 expression is not prognostic. Oncotarget 2017, 8, 14416-14427. [CrossRef]

Lechien, J.R.; Seminerio, I.; Descamps, G.; Mat, Q.; Mouawad, F; Hans, S.; Julieron, M.; Dequanter, D.; Vanderhaegen, T.; Journe,
F; et al. Impact of HPV Infection on the Immune System in Oropharyngeal and Non-Oropharyngeal Squamous Cell Carcinoma:
A Systematic Review. Cells 2019, 8, 1061. [CrossRef] [PubMed]


http://doi.org/10.1111/j.1365-2559.2011.04092.x
http://www.ncbi.nlm.nih.gov/pubmed/22211374
http://doi.org/10.1002/ijc.25625
http://www.ncbi.nlm.nih.gov/pubmed/20725995
http://doi.org/10.1002/ijc.30389
http://www.ncbi.nlm.nih.gov/pubmed/27537425
http://doi.org/10.1007/s00405-005-0922-5
http://doi.org/10.1002/cncr.28588
http://doi.org/10.1002/cam4.1264
http://doi.org/10.1016/j.oraloncology.2017.09.019
http://doi.org/10.1002/cncr.27988
http://doi.org/10.1016/j.oraloncology.2020.105041
http://doi.org/10.1177/0194599820951175
http://www.ncbi.nlm.nih.gov/pubmed/32928026
http://doi.org/10.2217/fon-2019-0673
http://www.ncbi.nlm.nih.gov/pubmed/31967480
http://doi.org/10.1186/1916-0216-42-36
http://www.ncbi.nlm.nih.gov/pubmed/23718873
http://doi.org/10.1016/j.jbi.2019.103208
http://doi.org/10.1016/j.jbi.2008.08.010
http://www.rstudio.com/
https://www.esundhed.dk/
https://www.statistikbanken.dk/
https://www.cancer.dk/
http://doi.org/10.1007/s10552-008-9277-8
http://doi.org/10.3390/cancers13081755
http://doi.org/10.1016/j.canlet.2004.10.023
http://doi.org/10.1016/j.oraloncology.2018.06.012
http://doi.org/10.18632/oncotarget.14796
http://doi.org/10.3390/cells8091061
http://www.ncbi.nlm.nih.gov/pubmed/31510065

Viruses 2023, 15, 34 13 of 13

37. Grenhgj, C.; Jakobsen, K.K,; Kjeer, E.; Friborg, J.; von Buchwald, C. Comorbidity in HPV+ and HPV — oropharyngeal cancer
patients: A population-based, case-control study. Oral Oncol. 2019, 96, 1-6. [CrossRef] [PubMed]

38. Wang, M,; Sharma, A.; Osazuwa-Peters, N.; Simpson, M.C.; Schootman, M.; Piccirillo, J.E; Huh, WK.; Boakye, E.A. Risk of
subsequent malignant neoplasms after an index potentially-human papillomavirus (HPV)-associated cancers. Cancer Epidemiol.
2019, 64, 101649. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.oraloncology.2019.06.035
http://www.ncbi.nlm.nih.gov/pubmed/31422200
http://doi.org/10.1016/j.canep.2019.101649
http://www.ncbi.nlm.nih.gov/pubmed/31816512

	Introduction 
	Materials and Methods 
	Patient Cohort 
	HPV Analysis 
	SPC Definition 
	Statistical Analysis 

	Results 
	Characteristics of the Cohort at the Time of Diagnosis 
	Factors Associated with the Risk of SPC 
	Incidence Trends and Characteristics of SPC 
	Survival Analysis after SPC 

	Discussion 
	Conclusions 
	References

