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Abstract
Introduction

Nasopharyngeal carcinoma (NPC) is a rare malignancy with unique geographical distribution. It is prevalent
in East and Southeast Asia and rare in non-endemic countries like the USA. P16 is a tumor suppressor gene
and there are limited studies with inconsistent results describing the association of its positivity in
immunohistochemistry and clinical outcomes. In this retrospective study, we compared progression-free
survival (PFS) and overall survival (OS) based on p16 positivity in 60 patients with NPC.

Materials and methods

Patients aged above 18 years and followed between July 2015 and December 2020 were included in the study.
P16 positivity was based on the immunohistochemistry of the biopsy sample. We compared PFS and OS
among all p16-positive and negative patients, and then among patients with advanced disease (stage III or
1V), and between p16-positive, negative, and unknown status patients.

Results

There were 15 p16-positive, and 28 p16-negative, with a median age of 54.3 years and 55.7 years
respectively. Most patients in both groups were male, Caucasian, and had advanced disease (stage III or stage
1V). Both median PFS (p=0.838) and OS (p=0.776) were 84 months in the p16-negative group but were not
reached during the study period in the p16-positive group. Among advanced-stage patients, the PFS
(p=0.873), and OS (p=0.773) of both groups were not statistically significant. P16 status was unknown for 17
patients, and PFS (p=0.785) and OS (p=0.901), when compared among patients with p16-positive, negative,
and unknown status, were also statistically non-significant.

Discussion and conclusion

Our analysis suggests that p16 status does not predict clinical outcomes in NPC patients. Our sample size
was limited but is larger than most studies describing this association. With different studies in the literature
reporting disparate findings, we recommend larger prospective studies to better illustrate the impact of p16
positivity on clinical outcomes in NPC.
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Introduction

Nasopharyngeal carcinoma (NPC) is a rare malignancy with unique geographical distribution. It is prevalent
in East and Southeast Asia and is rare in non-endemic countries, with a reported incidence in the USA being
<1 in 100,000 population [1]. Studies in the past have highlighted a few prognostic factors for NPC, of which,
advanced age and stage are the most common poor prognostic indicators [2]. Pre- and post-treatment
Epstein Barr Virus (EBV) DNA levels are also presented as a potential marker for prognosis and disease
recurrence [2,3].

P16 is a tumor suppressor gene, and its immunohistochemistry has a well-defined role in many clinical
scenarios [4]. It is also used as an indicator of human papillomavirus (HPV) infection [4]. Its expression is
considered an independent prognostic factor regardless of HPV positivity in oropharyngeal carcinoma, with
better outcomes in patients with p16 overexpression [5,6]. Literature for its use in NPC, independent of HPV
status, is rare. Limited studies have described this association, and there have been inconsistent results
among them, with some reporting favorable outcomes in p16-positive patients [7-10], and some without any
significant difference [5,11,12].
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Jiang et al. reported improved progression-free survival (PFS) with p16 overexpression in EBV-positive
patients [7]. Matikite et al. reported an inferior survival rate in patients with a complete absence of p16
expression [8]. Rosalez-Perez et al. described significant development of distant disease recurrence with p16
under-expression [9]. Wilson et al. concluded that p16 was a strong predictor of outcomes in all pharyngeal
cancers but was not significant when stratified for NPCs [5]. Even though Sun et al. described a higher risk of
lymph node metastasis, and distant metastasis with p16 under-expression but no changes in PFS or overall
survival (OS) was noted [11].

In this study, we describe the association between p16 and disease outcomes by comparing PFS and OS in
NPC patients based on p16 positivity.

Materials And Methods
Study design and patients

This is a retrospective observational study approved by the Beaumont Health System’s Institutional Review
Board (IRB #2019-007). We reviewed charts of patients aged 18 years or above, diagnosed with NPC, and
who were followed in the hospital system between July 1, 2015, and December 31, 2020. Sixty patients with
NPC were reviewed, and included in the analysis.

Variables and data collection

All data regarding patient characteristics and outcomes were collected using the hospital’s electronic record
system. The cancer registry was also utilized to determine the date of death for some patients. Patient
characteristics including demographics (age, gender, race), smoking, alcohol intake, family history of NPC,
and stage of disease at diagnosis were collected. Data regarding p16 status was then determined based on the
pathology report. Outcomes of interest were PFS and OS. Death rate and rate of disease progression were
also calculated. Disease progression was defined as the development of new cancerous lesions or an increase
in the size of current lesions, diagnosed by either imaging or biopsy. For patients with only a hospice
enrollment date available and no date of death on file, the date of death was assumed six months after the
hospice enrollment date.

P16 Status

P16 expression in a biopsy sample was detected via immunohistochemistry and was reported as positive
when the sample was stained with fluorescence.

Statistical analysis

Outcomes of interest were compared between two groups: p16-positive and p16-negative patients.
Categorical variables are reported as either frequencies or percentages. They were examined with chi-square
tests when appropriate (expected frequency >5 in 80% of cells), otherwise Fisher’s Exact tests were used.
Continuous variables like age and pack years are reported as median (minimum, maximum). We compared
PFS and OS using the Kaplan-Meier curves. PFS and OS were calculated from the day of diagnosis. All
statistical analyses were performed using SAS 9.4 (SAS Institute, Cary, NC) software, and the comparison of
outcomes was considered statistically significant if the p-value was less than 0.05.

Primarily, PFS, OS, and death rates were compared between the p16-positive and pl6-negative patient
groups. Secondarily, patients with stage III or IV disease were analyzed separately. PFS and OS were also
compared between patients of unknown p16 status with p16-positive and negative patients. Finally, a subset
analysis comparing p16 positive and p16 negative patients according to EBV status was also performed.

Results
Patient characteristics

Among the 60 patients with NPC, 43 had results available for the p16 immunohistochemistry test from the
tumor sample.

Out of the 43 patients, 15 were p16-positive and 28 were p16-negative. The baseline characteristics of the
patients are presented in Table /. The median age of diagnosis was similar in both groups (54.3 years vs 55.7
years), and most patients were male. A total of 86.7% of p16-positive patients were Caucasian and no
patients were of Asian race. Similarly, most patients in the pl16-negative group were also Caucasian (46.4%),
but also consisted of 17.9% Asian patients. Most patients were former smokers in both groups (46.7% vs
35.7%), whereas 60% of patients had a history of alcohol intake in the p16-positive group compared to 35.7%
in the p16-negative. Only a few patients had a history of heavy alcohol intake (13.2% vs 7.1%). Most patients
had either stage III or stage IV disease at diagnosis (86.6% in p16-positive vs 82.2% in p16-negative). EBV
DNA was positive from the biopsy sample in 33% and 28% of p16-positive and p16-negative patients
respectively. Similarly, EBV status was negative in 46.7% and 35.7% of the p16-positive and negative
patients respectively. A total of 100% of p16-positive and 94.6% of p16-negative patients received
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Patient Characteristics

Median Age

Gender

Race

Smoking status

Alcohol intake

Stage at diagnosis

EBV DNA status (from biopsy)

Treatment received

concurrent chemotherapy as per standard protocol.

P16-positive (N=15) P16-negative (N=28)

54.3 years 55.7 years
Male 66.7% (10/15) 71.4% (20/28)
Female 33.3% (5/15) 28.6% (8/28)
Caucasian 86.7% (13/15) 46.4% (13/28)
African American 13.3% (2/15) 25.0% (7/28)
Asian 0% (0/15) 17.9% (5/28)
Others 0% (0/15) 10.7% (3/28)
Non-smoker 26.7% (4/15) 35.7% (10/28)
Current smoker 26.7% (4/15) 28.6% (8/28)
Former smoker 46.7% (7/15) 35.7% (10/28)
Yes 60% (9/15) 35.7% (10/28)
No 40.0% (6/15) 64.3% (18/28)
Stage | 0% (0/15) 0% (0/28)
Stage Il 13.3% (2/15) 17.9% (5/28)
Stage Il 53.3% (8/15) 28.6% (8/28)
Stage IV 33.3% (5/15) 53.6% (15/28)
Positive 33.3% (5/15) 28.6% (8/28)
Negative 46.7% (7/15) 35.7% (10/28)
Unknown 20.0% (3/15) 35.7% (10/28)
Induction chemotherapy 20.0% (3/15) 10.7% (3/28)
Concurrent chemo-radiation 100% (15/15) 96.4% (27/28)
Adjuvant chemotherapy 20.0% (3/15) 32.1% (9/28)
Immunotherapy 6.7% (1/15) 10.7% (3/28)
Surgery 13.3% (2/15) 3.6% (1/28)

TABLE 1: Baseline characteristics among p16-positive and negative patients

EBV: Epstein-Barr Virus

Main results

Initially, patients in all stages of the disease were analyzed together. Patients were followed up for a median
duration of 37.3 months, and the total number of deaths was 15 including one patient enrolled in hospice.

The death rate of p16-positive patients was similar to that of p16-negative patients (40% vs 35.7%), and the
rate of progression was 26.7% vs 42.9% in p16-positive and negative groups respectively.

Median PFS was not reached in the p16-positive group and was 84 months in the p16-negative group. PFS
was not statistically significant between both groups (p=0.838, Figure I).
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FIGURE 1: Progression-free survival between p16-positive vs p16-
negative patients (n=43), p=0.838

Similar to PFS, median OS was not reached in the p16-positive group and was 84 months in the p16-
negative group. The analysis did not show any statistical significance between the OS of both groups
(p=0.776, Figure 2).
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FIGURE 2: Overall survival in p16-positive vs p16-negative patients
(n=43), p=0.776

On further sub-group analysis in patients with only stage III or stage IV disease, similar findings were
observed as PFS (p=0.873, Figure 5) and OS (p=0.773, Figure 4) and were not statistically significant in both
groups of patients.
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FIGURE 3: Progression-free survival of p16-positive vs p16-negative
(stage IlI/IV patients) (n=36, p=0.873)
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FIGURE 4: Overall survival of p16-positive vs p16-negative (stage Ill/IV
patients) (n=36, p=0.773)

Seventeen patients did not have p16 status results available from the tumor biopsy sample. A separate
analysis was done including patients with unknown p16 status as a third group and compared with p16-
positive and negative patients.

This analysis was also statistically insignificant when comparing PFS (p=0.785, Figure 5) and OS (p=0.901,
Figure 6) in all three groups.
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FIGURE 5: Progression-free survival among p16-positive vs p16-
negative vs p16 unknown patients (n=60, p=0.785)
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FIGURE 6: Overall survival among p16-positive vs p16-negative vs p16
unknown patients (n=60, p=0.901)

We also compared PFS and OS in p16-positive and negative patients according to EBV status. There were five
pl6-positive and eight p16-negative patients within the EBV-positive group. Similarly, among EBV-negative
patients, seven were p16-positive and 10 were p16-negative.

Among EBV-positive, there was no statistical difference in PFS (p=0.31, Figure 7 in Appendix) and OS
(p=0.87, Figure 8 in Appendix) between p16-positive and negative patients. Similarly, statistical difference
was not observed among EBV-negative patients in both PFS (p=0.25, Figure 9 in Appendix) and OS (p=0.74,
Figure 10 in Appendix).

Discussion

P16 is a tumor suppressor gene found in many different types of cancers, the second most common after p53,
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and belongs to the INK4 family [4]. The immunohistochemistry of p16 has a well-defined role in many
clinical scenarios. For example, it shows strong nuclear positivity in desmoplastic melanoma and loses
expression in malignant mesotheliomas [4]. P16 is also used as an indicator for HPV infection, which can
manifest as anogenital lesions, uterine cervical glandular lesions, vulvar lesions, or oropharyngeal
squamous cell carcinoma [4].

P16 immunohistochemistry has shown a strong correlation with HPV positivity in oropharyngeal carcinoma
[5,13]. However, the p16 correlation with HPV positivity in other pharyngeal cancers, such as NPC, is not
well studied. Limited studies have shown p16 to have good sensitivity but low specificity to detect HPV
status [5,14]. In our study, we investigated the impact of p16 positivity on PFS and OS in NPC patients. P16
was not used as a surrogate marker for HPV infection, and its impact on disease outcomes was analyzed
independent of HPV status.

From our analysis, we suggest that p16 status does not predict disease outcomes with PFS and OS; although
the rate of progression was lower in the p16-positive group of patients. Stage of disease is an independent
prognostic factor for NPC [2], and there was no difference in survival when advanced-staged patients (III
and IV) were analyzed separately. Age is also an established prognostic factor [2]. Even though a separate
stratified analysis based on age was not completed, patients in both groups had a comparable median age at
diagnosis. EBV is widely accepted as a key factor in the development and progression of NPC [3]. When
stratified for EBV status, there was no statistical difference in survival of p16-positive and negative patients;
however, the patient population was relatively smaller in each group.

Findings similar to our analysis have been reported in other studies. Wilson et al. studied 13 patients with
nasopharyngeal cancer and concluded that p16 positivity was not a significant predictor of outcomes [5].
Fakhry et al. analyzed 15 NPC patients with reported p16 status and did not find any difference in survival
due to p16 positivity [12].

Contrary to our findings, few studies have described a positive association of p16 expression with disease
outcomes. Jiang et al. reported that p16 overexpression among EBV-positive patients correlated with
improved PFS and loco-regional control [7]. Makitie et al. studied 59 patients with nasopharyngeal cancer
and concluded that the complete absence of p16 expression was associated with an inferior OS rate [8]. Wang
et al. concluded that p16-positive patients had superior survival rates compared to p16-negative patients
[15]. A meta-analysis including these three studies, however, failed to show any significant difference in
clinical outcomes (OS, PFS) based on p16 positivity [11]. However, it did demonstrate higher distant
metastasis, lymph node metastasis, and TNM staging in patients with down-regulated p16 expression [11].
Rosalez-Perez et al. also described an aggressive clinical course in p16-negative patients who had
metastases present at diagnosis [9]. Although they did not report disease outcomes, Zhang et al. [16] and
Fan et al. [17] found loss of p16 expression was significantly increased in NPC tissues compared to normal
nasopharyngeal epithelial cells. Lin et al. hypothesized that loss of p16 expression might confer resistance
to NPC treatment as they found 96% of patients requiring salvage therapy had a loss of p16 expression [10].

There are some limitations to our study. First, this was a single-institution study with a relatively small
sample size. Some studies have also described race as a potential factor that can impact survival, but this is
not well established [2,18]. Among all patients in our study, only 11.6% were Asian, all of whom were p16-
negative. With our sample size, we were not able to conduct a separate analysis based on race, but we
believe this difference possibly is not large enough to skew the overall outcomes of the study. Secondly, our
study sample included patients with unknown EBV DNA status from the tissue biopsy as depicted in Table 1.
We did not find a statistical difference in the survival of p16-positive and negative patients among those
with known EBV status, however, the smaller subset of these patients might limit the analysis.

Lastly, our study population also included 17 patients whose p16 status was unknown. A separate analysis
comparing all three groups (p16-positive, negative, and unknown status) did not show a significant
difference in both OS or PFS. It would be helpful if we had known the p16 status of the 17 patients. If a
majority of those patients belonged to either the p16-positive or negative group, this could possibly change
the outcome of our study. Although this is a possibility, we cannot deny the fact that our sample size of
patients with known p16 status was larger than most studies that have investigated this association.

Considering multiple studies have shown contradicting results, larger prospective studies are required to
better describe the association between p16 positivity in NPC patients and their clinical outcomes.

Conclusions

In summary, this is a retrospective study of a single institution evaluating outcomes of NPC patients based
on p16 positivity. Forty-three patients had known p16 status with a median follow-up of 37.5 months. There
was no difference in progression-free and overall survivals between p16-positive and negative patients.
Similarly, there was no difference in the progression-free and overall survivals for patients with advanced
stage III and stage IV disease, and when stratified for EBV status. Taken together, this study suggests that
p16 status in isolation does not predict outcomes in NPC patients. With disparate findings on the

2023 Ghimire et al. Cureus 15(2): €35308. DOI 10.7759/cureus.35308 7 of 10


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

association of p16 and NPC in published literature, our results are hypothesis-generating and need larger
prospective studies to better illustrate the impact of p16 status on clinical outcomes in patients with NPC.

Appendices
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FIGURE 7: Progression-free survival in p16-positive vs p16-negative
(EBV-positive patients) (n=13, p=0.31)

EBV: Epstein-Barr Virus
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EBV: Epstein-Barr Virus

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Beaumont Health
Institutional Review Board issued approval 2019-007. Animal subjects: All authors have confirmed that this
study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
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have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.
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