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Abstract
[Purpose] Tobacco smoking has been reported to in�uence the prognosis of human papilloma virus
(HPV)-related orophageyngeal squamous cell carcinoma (OPSCC). However, it remains to be studied
whether tobacco smoking equally affects the patients treated by various modalities.

[Material and Method] From 2010 through 2018, 241 patients with OPSCC were treated in a single
institution, out of which 144 patients had HPV-related OPSCC. P16 immunohistochemical staining was
used as a surrogate of HPV infection. Two patients was excluded because of inadequate radiation dose,
and the remaining 142 patients were the subject of this study. Median age was 63.8 years and more
than 80% were male. More than 70% were smokers or ex-smokers with a median pack year of 17.3.
Eighty-seven patients (61.3%) were classi�ed as stage I.

[Results] For all 142 patients with HPV-related OPSCC, overall survival (OS) and disease-speci�c survival
(DSS) were 87.0% and 93.4% in 3 years, respectively. There were no differences of OS and DSS according
to the stages by 8th edition of tumor, node, and metastasis (TNM) classi�cation and the primary sites. OS
and DSS were different by the amount of tobacco smoking expressed in pack year (PY) > 30 and < 30.
Also the presence of secondary cancer impacted OS. However, the in�uence of the amount of tobacco
smoking was reduced in the patients treated by radiation therapy.

[Conclusions] The impact of tobacco smoking upon the prognosis of HPV-related OPSCC seems to be
dependent upon therapeutic modalities. 

Introduction
Human papilloma virus (HPV)-related oropharyngeal squamous cell cancer (OPSCC) is increasing in
frequency in the developed countries and it has been demonstrated that HPV-related OPSCC has a
favorable prognosis in comparison to HPV-unrelated OPSCC (1, 2). Although one of the major etiological
factors of HP-unrelated OPSCC is tobacco smoking, it plays only a minor role in the etiology of HPV-
related OPSCC. In contrast, it is repeatedly shown that tobacco smoking in�uences prognosis of HPV-
related and HPV-unrelated OPSCCs similarly(3, 4). However, whether tobacco smoking is equally
affecting the patients treated by various modalities is quite open for discussion.

In this single institutional retrospective study, all the patients with HPV-related OPSCC treated from 2010
through 2018 were studied, irrespective of the treatment modalities, and the in�uence of tobacco
smoking on variously treated patients was analyzed in the HPV-related OPSCC.

Material And Method
From 2010 through 2018, 241 patients with non-metastatic OPSCC of a known p16 status were treated in
a single institution, of which 144 patients had p16-positive OPSCC and 97 had p16-negative OPSCC. For
the demonstration of HPV infection of the tumor cells, p16 immunohistochemical staining was used as a



Page 4/14

surrogate in this study(5, 6). An expert head and neck pathologist (YM) exclusively diagnosed p16
immunohistochemical examination as positive if cytoplasmic as well as nuclear stainings were obvious
in more than 75% of tumor cells. Two patients out of these 144 with p16-positive HPV-related OPSCC
were treated palliatively with radiation dose less than 50 Gy and excluded from this study and the
remaining 142 patients treated with a curative intent are the subject of this study. Clinical characteristics
of the 142 patients are shown in Table 1. Median age of the patients was 63.8 years with a range from 35
to 84 years. More than 80% of the patients were male. One-hundred one patients (71.1%) were current
smokers or former smokers. The remaining 41 patients (28.5%) were never-smokers. The amount of
tobacco smoking was expressed by pack year (PY) with a median of 17.3. Time interval between
smoking cessation and treatment initiation of OPSCC ranged from 0 day to 50 years with a median of
9.48 years. Synchronous or metachronous secondary cancers were found in 45 patients (31.7%).

Staging procedures were performed with physical examinations, endoscopy, computed tomography, and
magnetic resonance imaging (MRI). Positron emission tomography (PET)-CT or PET-MRI was performed
in selected patients. More than 70% of the patients had a primary lesion in the lateral wall of oropharynx,
which was followed by the anterior wall (base of tongue) primary in frequency. Stage classi�cation was
done according to 8th edition TNM classi�cation (TNM-8). About 60% of all were classi�ed into stage I.

As for treatment, 81 (56.3%) of all underwent a de�nitive operative resection with/without adjuvant
radiation and chemotherapy. In 13 of the 81 patients, neck dissection was not performed and only the
primary lesions were resected. Radiation therapy with/without chemotherapy were delivered to the
remaining 61 patients. Intensity modulated radiation therapy (IMRT) was employed in 98 out of 100
irradiated patients. Clinical target volume was treated up to 50–76 Gy in a conventional fractionation
with a mean of 67.8 Gy. Less than 60 Gy was applied only in 2 patients who were irradiated
postoperatively. In 57 patients, chemotherapy with cis-diamine-dichloro-platinum (CDDP) was delivered
concurrently with radiation therapy. In 9 patients, cetuximab simultaneously with radiation therapy was
administered because of the renal dysfunction. No patients were treated by chemotherapy alone.

Overall survival (OS) and disease-speci�c survival (DSS) were calculated by Kaplan-Meier method
assuming the date of treatment initiation as day 0. For calculation of DSS, death by the tumor was
considered as an event and death without recurrence as censored. Difference between survival curves
was tested by log-rank. Chai-square test was used to analyze difference in the incidence of categorical
variables. Multivariate analysis using Cox proportional hazard regression models was performed with OS
and DSS as an endpoint using PY and the presence of secondary cancer as covariates. All analyses were
conducted with SPSS ver. 26. Median follow-up was 44 months.

This single institutional retrospective study was approved by the Institutional Review Board (No. 2017-
091 and 2018 − 179).

Results
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For all 142 patients with HPV-related OPSCC, OS and DSS were 87.0% and 93.4% in 3 years, respectively.
By clinical stage, 3-year OS was 88.5% in stage I, 84.2% in stage II, and 83.7% in Stage III (Fig. 1). There
could not be seen any statistically signi�cant differences in OSs by stages. Three-year DSS was 96.1% in
stage I, 88.9% in stage II, and 87.7% in Stage III, respectively (Fig. 1), without statistically signi�cant
differences. Statistically signi�cant differences in OS and DSS were not reached by various treatment
modalities as well as by the primary sites.

In contrast, there were statistically signi�cant differences in OS and DSS by the amount of tobacco
smoking. In the patients with PY ≥ 30, 3-year OS was 74.3% and 3-year DSS was 84.1% (Fig. 2). In the
patients with PY < 30, 3-year OS and DSS were 92.9% and 97.6%, respectively (Fig. 2). Between the
patients with PY ≥ 30 and < 30, there were statistically signi�cant differences in OS (p = 0.003) and DSS
(p = 0.019). Time from cessation of tobacco smoking and treatment initiation of OPSCC exerted no
signi�cant in�uences upon OS and DSS.

OS was also in�uenced by the presence of secondary cancer. Three-year OS was 94.5% for the patients
without secondary cancer, while 73.6% for the patients with secondary cancer (p = 0.003). OS diverged
after 2 years by the presence of secondary cancer. In contrast, DSS was not different between the
patients with and without secondary cancer (p = 0.432).

To see in detail whether patient characteristics and treatment strategy were different by the amount of
tobacco smoking, patient characteristics and treatment were classi�ed by PY ≥ 30 and PY < 30 (Table 1).
Only the presence of secondary cancer (p = 0.006) showed statistically signi�cant differences by chi-
square test, with secondary cancers seen more frequently in the patients with PY ≥ 30 (Table 1).

To elucidate the impacts of tobacco smoking on prognosis of the patients managed by various
modalities, the patients managed with radiation, operation, and chemotherapy were analyzed separately.
Figure 3 disclosed that the OSs were different with a nearly statistical signi�cances or with a statistically
signi�cance between the patients with PY ≥ 30 and < 30, irrespective of the treatment. In contrary, DSS
was not different with a statistical signi�cance between PY ≥ 30 and PY < 30 in the patients managed
with a treatment including radiation therapy (p = 0.254). In the patients to whom chemotherapy was
delivered, DSS was different with a statistical signi�cance (p = 0.022) between PY ≥ 30 and PY < 30.

By using PY and the presence of secondary cancer as categorical covariates, four multivariate analyses
were performed in all the 142 patients, in the patients treated by radiation therapy, in the patients treated
by surgery, and in the patients treated with chemotherapy. In the patients treated with radiation therapy
and with chemotherapy, the amount of PY lost a statistical signi�cance in DSS, while the difference of
DSS by PY remains statistically signi�cant in the whole 142 patients and in the patients who underwent
surgery (Table 2). In DSS, presence of secondary cancer was not a signi�cant prognostic factor.

Discussion
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HPV-related OPSCC is known for its different etiology and therapeutic response from HPV-unrelated
OPSCC (1, 2). HPV-related OPSCC is caused by infection of the high risk HPV and responds well to the
therapeutic interventions with a favorable prognosis in comparison to the HPV-unrelated OPSCC. TNM-8
classi�es HPV-related OPSCC and HPV-unrelated OPSCC separately, taking the etiological and prognostic
differences of them into consideration. TNM-8 uses p16 positivity as a surrogate of HPV infection similar
to this study. Although some have reported better differentiation of OS according to stages by TNM-8
than by 7th edition TNM classi�cation (7–9), there are also reports indicating that prognoses according
to the stages are inadequately differentiated, especially between stage II and III by using TNM-8 for p16-
positive OPSCC (10–12). Current study showed the stages de�ned by TNM-8 were inadequate in
differentiating OS and DSS. Additionally more than 60% of HPV-related OPSCC patients were classi�ed
into stage I in this study, and further classi�cation of stage I patients should be considered to improve
differentiation of prognosis and to allocate equal number of patients to each stage (10).

While HPV-unrelated OPSCC is caused mainly by tobacco smoking and alcoholic consumption, the
relationship of HPV-related OPSCC and tobacco smoking has been variously reported (2, 3, 13–23). Most
notably Ang et al. demonstrated that amount of tobacco smoking expressed by PY > 10 and PY ≤ 10 had
an in�uence upon OS and progression-free survival (PFS) in HPV-related OPSCC treated by
chemoradiation and they proposed a risk classi�cation of OPSCC according to p16 status, smoking habit,
and tumor and nodal stages (2, 12). Although many studies have shown a statistically signi�cant
in�uence of tobacco smoking on OS (4, 17, 19, 22, 23), controversial results have been reported
concerning the effect of tobacco smoking on DSS and locoregional control (15) (4) (21). While most
studies have studied the patients with HPV-related OPSCC treated by radiotherapy with or without
chemotherapy (16, 22, 23), there is a report refusing the in�uence of tobacco smoking on OS and DSS in
the patients with HPV-related OPSCC treated by transoral robotic surgery (13). In contrary, the study from
Canada, where the patients undergoing surgical treatment as well as radiation therapy were reported
together, revealed that tobacco smoking has more unfavorable effect upon PFS in the patients treated
surgically than in the patients treated by radiation therapy (21). Therefore, the impact of tobacco smoking
might be different in various treatment modalities.

This study demonstrated that the patients managed by the treatment including radiation therapy showed
no statistically signi�cant difference in DSS by smoking represented by PY > 30 or PY < 30. In contrast,
the patients treated by chemotherapy and surgery showed statistically signi�cant differences in DSS by
smoking. Also in Cox multivariate analysis employing smoking and the presence of secondary cancer as
covariates, smoking lost a statistically signi�cant impact in DSS in the patients treated by radiation
therapy. Radiation therapy seems to reduce the in�uence of tobacco smoking, although the impact of
tobacco smoking continues to exist in the patients undergoing surgery. These �ndings suggests that the
in�uence of tobacco smoking upon DSS seems to be different according to therapeutic strategy.

In this study, tobacco smoking represented by PY ≥ 30 vs. < 30 was used to show the in�uence of
tobacco smoking upon prognosis. We also analyzed the prognosis of never-smokers and searched for
multiple dichotomized points of PY and dichotomy at PY = 30 was found to in�uence both OS and DSS
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of HPV-related OPSCC with the smallest p-values. Also time interval between cessation of smoking and
treatment initiation of OPSCC was examined, but no statistically signi�cant in�uence upon prognosis
was observed.

As a retrospective study, this study has some limitations. Deviation of prognostic factor like the presence
of secondary cancer was seen between the patients with PY ≥ 30 and < 30. Secondary cancers were more
frequently seen in the patients with PY ≥ 30. However, multivariate analysis revealed the presence of
secondary cancer lost a statistical signi�cance in DSS. Additionally because of the favorable prognosis
of HPV-related OPSCC total number of events in DSS is only 10 and it was di�cult to show statistical
signi�cances in some analyses. In future, the prospective trial is necessary to elucidate the different
impact of smoking upon various treatment modalities. Because many different metrics of tobacco
smoking, such as number of PY, never vs. ever smokers, current vs. former smokers, and cessation length
of tobacco smoking, were used, common language of expression of tobacco smoking should be de�ned
beforehand (20).

Conclusions
In this study, TNM-8 stage classi�cation was shown to be inadequate to differentiate prognosis of the
patients with HPV-related OPSCC. The amount of tobacco smoking had a statistically signi�cant
in�uence upon OS and DSS in the whole patients, but difference of DSS by the amount of tobacco
smoking was not statistically signi�cant in the patients treated by radiation therapy. The effect of
tobacco smoking might differ according to the therapeutic modalities.

Abbreviations
HPV: human papilloma virus, OPSCC: oropharyngeal squamous cell carcinoma, OS: overall survival, DSS:
disease-speci�c survival, TNM: tumor, node, and metastasis, PY: pack year, MRI: magnetic resonance
imaging, PET: positron emission tomography, IMRT: intensity modulated radiation therapy, CDDP: cis-
diamine-dichloro-platinum.
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Figures

Figure 1

Overall survival (OS, solid line) and disease-speci�c survival (DSS, broken line) of the 142 patients
according to the stage by 8th edition of TNM classi�cation.
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Figure 2

OS (solid line) and DSS (broken line) of the 142 patients by the amount of tobacco smoking. Between the
patients with PY > 30 and < 30, there were statistically signi�cant differences in OS (p = 0.003) and DSS
(p = 0.019).
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Figure 3

3a. OS (solid line) and DSS (broken line) by the amount of tobacco smoking in the 100 patients treated
by radiation therapy. Between the patients with PY > 30 and < 30, difference in OS is approaching to a
statistical signi�cance (p = 0.084), however DSS was not different with a statistical signi�cance (p =
0.137). 3b. OS (solid line) and DSS (broken line) by the amount of tobacco smoking in the 82 patients
treated by surgery. Between the patients with PY > 30 and < 30, OS and DSS were both signi�cantly
different (OS: p = 0.014, DSS p = 0.006). 3c. OS (solid line) and DSS (broken line) by the amount of
tobacco smoking in the 66 patients treated by chemotherapy. Between the patients with PY > 30 and < 30,
OS was almost signi�cantly different (p = 0.056) and DSS signi�cantly different (p = 0.022).


