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Abstract

Introduction: Squamous cell carcinoma is the most common malignant tumour
occurring in the head and neck region. It is now understood that (human papil-
lomavirus (HPV)- positive and HPV-negative diseases are two very different
clinical entities associated with different outcomes. We decided to assess p16
expression status in patients with oropharyngeal cancer and retrospectively
evaluate the outcomes of the treatment.

Material and methods: The evaluated group consisted of 98 consecutive
patients with squamous cell carcinoma of the oropharynx treated in a com-
bined way in Holycross Cancer Centre in Kielce in 2006—-2014. For all patients
pl6 status was assessed based on the biological material. In 51 patients
HPV infection was diagnosed. The Kaplan-Meier method was used to pro-
duce survival curves using the log-rank test and the Cox proportional hazard
model was used to determine the risk factors. The following risk factors were
included: HPV status (positive, negative), sex, age, smoking, histopatholog-
ical grade of the tumour, clinical stage, and systemic therapy application.
For HPV-positive and HPV-negative patients independent analyses were done
including aforementioned factors, excluding HPV status.

Results: The observation time for HPV-positive patients was significantly longer
(p = 0.0008). Fifty-eight patients died, 40 patients are alive. Number of deaths
in HPV-negative patients was statistically significantly higher (p = 0.0222).
A statistically significant difference in the disease-free survival probability and
overall survival probability between HPV-positive and HPV-negative patients
was found (p = 0.0045 and p = 0.0037 respectively). For disease-free survival
a statistically significant factor of the risk of recurrence was HPV infection
(p = 0.0169). For HPV-positive patients, age (p = 0.0199) and smoking (p = 0.0353)
were statistically significant risk factors of recurrence. For HPV-negative pa-
tients significant risk factors of recurrence were clinical stage (p = 0.0114)
and systemic therapy application (p = 0.0271). For overall survival for the
entire group statistically significant risk factors were absence of HPV infection
(p =0.0123), male sex (p = 0.0426), and age (p = 0.0311). For HPV-positive pa-
tients, age (p = 0.0096) and smoking (p = 0.0387) were statistically significant
risk factors of death. For HPV-negative patients significant risk factors of death
were clinical stage (p = 0.0120) and systemic therapy application (p = 0.0460).
Conclusions: Our data show that HPV infection is a predictor of better dis-
ease-free and overall survival in patients with oropharyngeal cancer. For
HPV-positive oropharyngeal cancer patients weekly given cisplatin with con-
current radiotherapy can be an alternative to three weekly given cisplatin
considering effectiveness and early toxicity.
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Introduction

Squamous cell carcinoma is the most common
malignant tumour occurring in the head and neck
region, accounting for more than 90% of all cases [1].
The most commonly affected part of the head
and neck mucosa is the oropharynx. Tobacco and
alcohol abuse have been identified as important
risk factors. Over the past decade, the importance
of human papillomavirus (HPV) in the pathogene-
sis of oropharyngeal cancer has been recognized.
The number of HPV-related oropharyngeal can-
cer is increasing, mostly in young people [2-4].
The standard treatment for most patients with
oropharyngeal cancer (OPC) is radiochemothera-
py (RCH). Randomized studies and meta-analyses
have demonstrated that cisplatin-based concurrent
radiochemotherapy regimens provide significantly
higher response rates than radiotherapy alone
[5-9]. The recommended treatment for stage IlI-IV
head and neck squamous cell carcinoma (HNSCC)
is concurrent RCH of 70 Gy in daily fractions with
cisplatin delivered every 3 weeks [10]. However,
considering the toxicity of the treatment there is
a possibility of using a lower dose of cisplatin which
can be given weekly [11, 12]. Ang et al, in a phase
[l clinical trial from the Radiation Therapy Oncology
Group 0129, first demonstrated that an HPV status
of a tumour is a strong and independent prognos-
tic factor for survival among patients with oropha-
ryngeal cancer [13]. The findings from this study
and others changed the understanding of HNSCC
pathophysiology and treatment paradigms. It is
now understood that HPV-positive and HPV-nega-
tive diseases are two very different clinical entities
associated with vastly different outcomes [11-13].
We decided to assess p16 expression status, as the
most recognized bio-marker of an HPV infection,
in patients with OPC and evaluate the outcomes
of treatment of patients with OPC.

Material and methods

The evaluated a group of 98 consecutive pa-
tients with oropharyngeal squamous cell cancer
treated in a combined way in The Holycross Cancer
Centre in Kielce in 2006-2014. The characteristics of
the group are shown in Table I. The analysed group
included 18 (18.4%) women and 80 (81.6%) men.
All patients were irradiated. The radiation therapy
was administered using simultaneous integrated
boost-intensity modulated radiotherapy technique at
2.0-2.2 Gy per fraction/5 days per week to 66-70 Gy
in 30-35 fractions (84 patients), 10 patients received
60 Gy, and 4 patients received doses lower than
60 Gy (16-56 Gy) following their resignation.
Twenty-three patients were operated on prior to ir-
radiation. The surgical procedures consisted of cer-
vical lymphadenectomy in 16 patients and local ex-

cision in 7 patients. Seventy-five patients received
concomitant chemotherapy with cisplatin. The ma-
jority of them (68 patients) received cisplatin given
weekly in a dosage of 40 mg/m?2. Only 7 patients
received cisplatin given every 3 weeks. Patients
received the proper hydration before and after cis-
platin administration. Early toxicity of radiochemo-
therapy was acceptable and was not a reason for
the prolongation of the treatment in most cases. We
did not observe renal complications in patients who
received cisplatin (Table II). Patients who were not
eligible for chemotherapy were treated with exclu-
sive radiation therapy. The observation of the pa-
tients was terminated on 31t May 2018.

Method of determination of p16 protein
status

For all patients p16 status was assessed based
on the biological material available in the Depart-
ment of Pathology of Holycross Cancer Centre. In
51 patients HPV infection was diagnosed. Immu-
nohistochemistry was performed on 4 um sec-
tions cut from formalin-fixed, paraffin-embedded
tissue blocks. Immunostaining was carried out
using a fully automated immunostainer (Venta-
na BenchMark Ultra XT), according to standard
protocols. The primary antibodies were a mouse
monoclonal primary antibody, CINtec p16 Histolo-
gy, Ventana, Benchmark Roche (p16INK4a (E6H4)).
Immunohistochemical staining results were in-
terpreted by a specialist in pathology, devoid
of knowledge of clinical data and histopathologi-
cal results. The positive control tissues for CINtec
p16 Histology were cervix cancer tissue and palate
tonsil and a negative control was performed by
omitting the primary antibody. The expression
of pl6 was categorized into four groups based
on the distribution and proportions of cells with
positive nuclear/cytoplasmic staining, as follows:
0 = negative; 1+ = 1% to 25% of cells positive;
2+ =26% 10 50%; 3+ = 51% to 75%; 4+ = 76% to
100%. For an undergoing analysis, cases were di-
vided into two groups: positive (1 to 4+) and nega-
tive (0) reaction.

Statistical analysis

Continuous variables have been presented in
the form of the mean and standard deviation
and the variables of the categorical type have
been presented as a number. Student’s t-test
was used to determine the diversity of age in
tested groups. A y? test was used to assess
the significance of diversity in a single classifi-
cation and to assess the relationship between
two classification factors. The Kaplan-Meier
method was used to produce survival curves us-
ing the log-rank test and the Cox proportional
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Table 1. Clinical characteristics of studied group of patients along with the division into HPV+ and HPV-

Factor Entire group HPV+ HPV- P-value
n (%) n (%) n (%)
Number of patients (%) 98 (100) 50 (51) 48 (49) -
Sex:
Women 18 (18.4) 14 (28) 4(8.3) 0.0124
Men 80 (81.6) 36 (72) 44 (91.7)
Age [years]:
Min.—-max. 31-79 31-75 37-79 0.3411
Mean (SD) 57 (9) 57 (9) 56 (8)
Smoking:
Yes 57 (58.2) 25 (50) 32 (66.7) 0.0962
No 41 (41.8) 25 (50) 16 (33.3)
Grade:
G1 12 (12.2) 4 (8) 8(16.2) 0.1700
G2 70 (71.4) 35 (70) 35 (72.9)
G3 16 (16.3) 11 (22) 5(10.4)
Clinical stage:
[ 4 (4.1) 1(2) 3 (6.2) 0.7445
Il 13 (13.3) 7 (14) 6 (12.5)
I 22 (22.4) 12 (24) 10 (20.8)
\Y 59 (60.2) 30 (60) 29 (60.4)
Surgery:
Yes 23 (23.5) 13 (26) 10 (20.8) 0.5481
No 75 (76.5) 37 (74) 38 (79.2)
Systemic therapy:
Yes 74 (75.5) 39 (78) 35(72.9) 0.5606
No 24 (24.5) 11 (22) 13 (27.1)

hazard model was used to determine the risk
factors. The method ENTER and FORWARD was
applied to determine how independent vari-
ables are entered into the model (ENTER meth-
od — all variables are entered in the model in one
single step, without checking; FORWARD method
—significant variables are entered sequentially).

Statistical significance was determined as
a < 0.05. The calculations were done using Med-
Calc Statistical Software version 18.5 (MedCalc
Software bvba, Ostend, Belgium; http://www.med-
calc.org; 2018).

Results

The total observation time for human papillo-
mavirus-positive oropharyngealcancer (HPVPOPC)
patients was from 3 to 209 months, median
44 months, while for human papillomavirus-neg-

ative oropharyngeal cancer (HPVNOPC) the obser-
vation time was from 3 to 128 months, median
25 months. The observation time for HPVPOPC pa-
tients was significantly longer (p = 0.0008) (Figure 1).
Fifty-eight patients died, 40 patients are alive.
In the HPVPOPC group 24 (41.4%) patients died,
while in the HPVNOPC group 34 (58.6%) patients
died. The number of deaths in HPVNOPC patients
was statistically significantly (p = 0.0222) higher.
Twenty-nine patients died due to locoregional re-
currence or progression. Distant metastases were
observed in 8 patients (4 in lungs, 3in liver, 1 in liver
and bones), in 3 patients locoregional recurrence
and distant metastases were the cause of death. In
11 patients another kind of cancer was found and
in 9 cases was the reason of death (4 - lung cancer,
2 — oesophagus cancer, 1 — colon cancer, 1 — pan-
creas cancer, 1 — malignant lymphoma). One pa-
tient died because of human immunodeficiency
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Table II. Characteristics of early toxicity (WHO classification) in studied group of patients along with the division
into HPV+ and HPV-

Toxicity Entire group HPV+ HPV- P-value
n (%) n (%) n (%)
Red blood cells:
Grade 0 84 (86) 44 (88) 40 (83) 0.3890
Grade 1 13 (13) 5(10) 8(17)
Grade 2 0 0 0
Grade 3 1(1) 1(2) 0
White blood cells:
Grade 0 67 (69) 33 (66) 34 (71) 0.9023
Grade 1 16 (16) 8 (16) 8(17)
Grade 2 10 (10) 6 (12) 4 (8)
Grade 3 5(5) 3 (6) 2(4)
Platelets:
Grade 0 90 (92) 46 (92) 44 (92) 0.3611
Grade 1 5(5) 3(6) 2(4)
Grade 2 2(2) 0 2(4)
Grade 3 1(1) 1(2) 0
Mucositis:
Grade 0 2(2) 1(2) 1(2) 0.8514
Grade 1 14 (14) 7 (14) 7 (15)
Grade 2 71 (73) 36 (70) 37 (75)
Grade 3 11(11) 7 (14) 4(8)
Skin reaction:
Grade 0 22 1(2) 1(2) 0.9167
Grade 1 34 (35) 19 (38) 15 (31)
Grade 2 50 (51) 24 (48) 26 (54)
Grade 3 12 (12) 6(12) 6 (13)

virus infection complications. In 8 patients who
died, the reason of death was not determined (Ta-
ble Il1).

A statistically significant difference in the dis-
ease-free survival (DFS) probability and overall sur-
vival (OS) probability (p = 0.0045 and p = 0.0037
respectively), between HPV-positive vs. HPV-nega-
tive patients, was found (Figures 2, 3). HPV-positive
patients had longer DFS and OS. The difference in
favour of HPV-positive patients for DFS was 22%
and 23% after 5 and 10 years respectively and for
0S 29% and 23% after 5 and 10 years respectively
(Table IV).

A multivariate analysis of risk factors affecting
recurrence and mortality according to the Cox
proportional hazard regression was done for the

whole group. The following risk factors were in-
cluded: HPV status (positive, negative), sex, age,
smoking, histopathological grade of the tumour,
clinical stage, and systemic therapy application.
For HPV-positive and HPV-negative patients inde-
pendent analyses were done including aforemen-
tioned factors, excluding HPV status. The results
are presented in the Tables V and VI.

For disease-free survival, usingthe ENTER meth-
od for the entire group, a statistically significant
factor of the risk of recurrence was HPV infection
(p = 0.0169) in a way that HPV-negative patients
had twice as high risk of recurrence (HR = 1.95)
in comparison to HPV-positive patients. However,
the FORWARD method showed that significant
risk factors of recurrence were the absence of HPV
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Figure 1. Observation time in studied group of pa-
tients along with the division into HPV+ and HPV-
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Figure 2. Disease-free survival (DFS) probability (%)
of patients with oropharyngeal cancer with the di-
vision into HPV+ and HPV-
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Figure 3. Overall survival (OS) probability (%) of pa-
tients with oropharyngeal cancer with the division
into HPV+ and HPV-

infection (HR = 1.77; p = 0.0370) and male sex
(HR =2.95; p = 0.0236).

For HPV-positive patients using the ENTER
method statistically significant risk factors were

not obtained, but the FORWARD method revealed
that age (HR = 1.05; p = 0.0199) and smoking
(HR = 2.53; p = 0.0353) were statistically signifi-
cant risk factors of recurrence.

For HPV-negative patients using the ENTER
method statistically significant risk factors were
clinical stage (HR = 1.86; p = 0.0114) and systemic
therapy application (HR = 0.33; p = 0.0271). Simi-
larly, using the FORWARD method the results were
as follows: clinical stage (HR = 1.90; p = 0.0085)
and systemic therapy application (HR = 0.42;
p = 0.0359). It can be concluded that risk of re-
currence of HPV-negative patients almost doubles
with every clinical stage, and decreases by 70% in
patients subjected to chemotherapy.

For overall survival for the entire group with
the ENTER method statistically significant risk fac-
tors were: the absence of HPV infection (HR = 2.02;
p = 0.0123), male sex (HR = 2.69; p = 0.0426)
and age (HR = 1.04; p = 0.0311). Using the
FORWARD method, besides the above-mentioned
factors, i.e. absence of HPV infection (HR = 2.09;
p = 0.0074), male sex (HR = 2.95; p = 0.0237), and
age (HR = 1.04; p = 0.0093), also clinical stage was
significant (HR = 1.43; p = 0.0310).

For HPV-positive patients using the ENTER
method statistically significant risk factors were
not obtained, but the FORWARD method revealed
that age (HR = 1.05; p = 0.0096) and smoking
(HR = 2.48; p = 0.0387) were statistically signifi-
cant risk factors of death.

For HPV-negative patients using the ENTER
method statistically significant risk factors of
death were clinical stage (HR = 1.86; p = 0.0120)
and systemic therapy application (HR = 0.37;
p = 0.046). Similarly, using the FORWARD meth-
od the results were as follows: clinical stage
(HR = 1.93; p = 0.0075) and systemic therapy ap-
plication (HR = 0.39; p = 0.0262).

Discussion

The discovery of the role of infection of the hu-
man papillomavirus in etiopathogenesis of head
and neck cancer and the proof of prognostic and
predicted value of the infection were among
the highest achievements of contemporary oncol-
ogy [5-7]. In an analysed group there were nine-
ty-eight consecutive patients diagnosed and treat-
ed in the Holycross Cancer Centre. In all of them
the p16 status was established [14]. In our group,
in more than half of the patients an infection was
present. The mean age of patients in both groups
was similar. The HPV-related OPC is associated
with the reduction of death [15-19]. Recent stud-
ies indicate that the expression of HPV-associated
p16 in HNSCC is correlated with a better progno-
sis and improved response to conventional radio-
therapy [20-23]. According to some studies, HPV
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Table IlI. Causes of death in studied group of patients along with the division into HPV+ and HPV-

Cause of death Entire group HPV + HPV-

n (%) n (%) n (%)
Total 58 (100) 24 (100) 34 (100)
Locoregional recurrence 29 (50) 9 (38) 20 (59)
Locoregional recurrence and dissemination 3 (5) 1(4) 2 (6)
Dissemination 8 (14) 4 (17) 4(12)
Second cancer 9 (16) 5(21) 4(12)
Unknown 8 (14) 4 (17) 4(12)
HIV complications 1(2) 1 (4) 0 (0)
P-value 0.5167

Table IV. Probability of disease-free survival (DFS) and overall survival (OS) in studied group of patients along with
the division into HPV+ and HPV- in the observed intervals of 12, 24, 60, 120 months

Observation intervals DFS 0sS
[months]
HPV+ HPV- Difference (%) HPV+ HPV- Difference (%)
(%) (%) (%) (%)

(95% ClI) (95% Cl) (95% CI) (95% ClI)

12 90 69 21 92 77 15
(77-95) (53-79) (80-96) (62-86)

24 75 48 27 82 56 26
(61-85) (44-71) (68-90) (41-68)

60 55 33 22 62 33 29
(44-71) (13-40) (46-73) (20-46)

120 49 26 23 49 26 23
(34-62) (13-40) (31-61) (13-40)

P-value 0.0045 0.0037

status of tumours is associated with response to
treatment and survival rates. Numerous studies
have documented the effect of human papilloma
virus on aetiology of oropharyngeal carcinomas.
Especially, there are many publications about HPV-
16’s correlation with base of tongue and oropha-
ryngeal cancers [24-26]. Many studies have re-
vealed a better survival rate among patients who
are HPV positive. Kanyilmaz et al. [27] reported that
tumour positivity for p16 was correlated with im-
proved disease-free survival and overall survival.
Based on the analysis of our group of patients we
have reached similar conclusions. An HPV infection
predicted longer disease free-survival and overall
survival rates for patients with OPC, which was
also proven in our study. HPV-related cancers oc-
cur mostly in young people and are not strictly con-
nected with smoking but with sexual behaviours.
Our data showed that among the HPV-posi-
tive OPC patients there were smokers also, but
the number was lower than in the HPV-negative
group. In a multivariate analysis for HPV-positive
and HPV-negative patients we found that HPV-
positive patients who smoke have over two-fold

higher risk of death than in non-smokers. Similar
conclusions have been reported by other authors
[28, 29]. The therapeutic decisions were based
on current Polish recommendations [30]. In some
cases, surgery was used, mainly concerning the re-
moval of the cervical lymph nodes. The implemen-
tation of a surgical treatment in stage IllI-IV OPC is
a point of controversy. The surgery is recommend-
ed for early stages and in limited disease mostly
in patients with cancer of the palatine tonsil [28].
Application of upfront surgical treatment can lead
to the delay of the treatment of choice, name-
ly radiochemotherapy. Doses of radiotherapy for
OPC patients were determined and were used in
the analysed group. The implementation of radio-
chemotherapy for head and neck cancer patients
drastically improved the outcomes of the treat-
ment[31, 32]. Cisplatin is one of the most common-
ly used and best-studied drugs. Treatment with
a single-agent bolus of cisplatin every 3 weeks at
a dose of 100 mg/m? is accepted as a standard
regimen. However, this regimen is associated with
significantly acute and late adverse events such as
mucositis, haematological complications, and renal
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complications. Additionally, the completion rate for
this regimen is relatively poor. Therefore, splitting
3-weekly cisplatin into a weekly cisplatin schedule
might decrease toxicities and increase compliance.
Several studies have suggested that radiochem-
otherapy with a weekly cisplatin regimen might
be successful for treatment of locally advanced
HNSCC [11, 33-35]. In our group, eligible patients
received this kind of treatment. The majority of pa-
tients in our group received weekly given cispla-
tin in the dose of 40 mg/m?. The decision of using
cisplatin weekly was connected with our own ex-
perience, but the majority of our patients received
200 mg/m?. The importance of using chemother-
apy for OPC patients is critical. It is important for
HPV-negative OPC, which we proved in our study.
Most patients with head and neck cancer are
smokers and alcohol drinkers. It is directly con-
nected with cardiovascular and pulmonary disor-
ders. In our group there were 8 deaths not directly
connected with OPC, but apparently with associ-
ated disorders. In some cases another incidence
of cancer was diagnosed and in most cases it was
the cause of death.

In conclusion, our data show that HPV infec-
tion is a predictor for better disease-free and
overall survival in patients with oropharyngeal
cancer. The total observation time is longer than
10 years for HPV-positive OPC patients. For these
patients weekly given cisplatin with concurrent
radiotherapy can be an alternative to three week-
ly given cisplatin considering effectiveness and
early toxicity.
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