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Abstract

Background—Overexpression of p16 is associated with improved outcomes among patients 

with oropharyngeal carcinoma. However, its role in nasopharyngeal cancer patient outcomes 

remains unclear.

Methods—Eighty-six patients with nasopharyngeal carcinoma treated at MD Anderson from 

2000 to 2014 were identified. Epstein bar virus (EBV) and Human papillomavirus (HPV) status 

were determined by in situ hybridization and p16 by immunohistochemical staining.

Results—EBV positivity was associated with extended overall survival (median 95.0 vs. 44.9 

months, P<0.004), progression-free survival (PFS) (median 80.4 vs. 28.1 months, P<0.013) and 

locoregional control (LRC) (median 104.4 vs. 65.5 months, P<0.043). In patients with EBV-

positive tumors, p16 overexpression correlated with improved PFS (median 106.3 vs. 27.1 months, 

P<0.02) and LRC (median 93.6 vs. 64.5 months, P<0.02).

Conclusion—P16 overexpression is associated with improved PFS and LRC in patients with 

EBV-positive nasopharyngeal carcinoma. p16 expression may complement EBV status in 

predicting treatment outcomes for nasopharyngeal carcinoma patients.

*Corresponding author: Jack Phan MD, PhD, Department of Radiation Oncology, Unit 97, The University of Texas MD Anderson 
Cancer Center, 1515 Holcombe Blvd, Houston, TX 77030; Tel: 713-563-2334; Fax: 713-794-8273; jphan@mdanderson.org. 

The authors report no conflict of interests.

Approval and Consent:
This study had institutional review board approval and informed consent was waived.

HHS Public Access
Author manuscript
Head Neck. Author manuscript; available in PMC 2018 April 17.

Published in final edited form as:
Head Neck. 2016 April ; 38(Suppl 1): E1459–E1466. doi:10.1002/hed.24258.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

p16; HPV; EBV; nasopharyngeal carcinoma; nasopharynx cancer

INTRODUCTION

Although relatively uncommon in most parts of the world, nasopharyngeal carcinoma (NPC) 

is endemic in Southeast Asia, with incidence rates as high as 50 per 100,000 individuals.1,2 

In North America, the incidence of NPC has stayed stable in the single-digit range.3 In 

addition to this epidemiologic diversity, the clinicopathologic characteristics of NPC also 

distinguish it from other head and neck cancers. Pathologically, NPC can be classified 

according to the World Health Organization system into keratinizing (WHO type I) and non-

keratinizing (WHO types II and III) subtypes.4 Molecularly, association of the Epstein-Barr 

virus (EBV) genome further stratifies this disease into categories with different clinical 

outcomes. The recognized presence of nuclear EBV DNA in WHO types II and III, but not 

WHO type I NPCs, suggests that a unique pathogenesis process exists for each tumor 

subtype.5

Recently, human papillomavirus (HPV) has been proposed to have a potential etiologic role 

in the development of non-endemic, EBV negative NPC 3,6–8. In oropharyngeal carcinoma, 

detection of HPV DNA within cancer cells is strongly associated with improved clinical 

outcome and serves as a marker of prognosis.9–10 The prospect of a similar relationship 

between HPV and NPC appears very intriguing, yet conflicting reports on HPV and EBV 

co-infection rates, small patient numbers and geographic and treatment variations obscure 

the clinical relevance of HPV in NPC 11–13. Recent studies have suggested oncogenic HPV 

is associated with EBV negative NPC, primarily among whites and those with WHO type I 

histology and confers a worse prognosis, whereas others demonstrated that HPV occurrence 

in NPC is more similar to oral cavity carcinomas with no real prognostic value. 7, 14,15 In 

addition, methods to detect the presence of HPV DNA in oropharyngeal carcinoma tissues 

have disadvantages ranging from procedural complexity and high cost to low detection 

sensitivity (in situ hybridization; ISH) and low specificity (polymerase chase reaction; PCR).
16

Immunostaining for p16 protein expression is proposed as a surrogate or complementary 

procedure for determining HPV status in oropharyngeal cancer, based on a known strong 

correlation between HPV positivity and p16 overexpression.17–21 Also known as cyclin-

dependent kinase inhibitor 2A, p16 is a tumor suppressor protein that is crucial in preventing 

inappropriate cell proliferation. In HPV-related oropharyngeal cancer, the HPV oncoprotein 

E7 inactivates retinoblastoma protein (Rb), an important cell cycle checkpoint, to promote 

proliferation. This releases p16 from negative feedback control and causes a paraodoxical 

increase in p16 levels to inhibit uncontrolled cellular proliferation. Thus, p16 overexpression 

in HPV oropharyngeal cancer often represents an unsuccessful attempt to stop cell division. 

HPV related oropharyngeal carcinomas with p16 overexpression are very sensitive to 

radiotherapy and have a better prognosis.21 It is unclear whether this relationship also holds 
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true for NPC. Here, we investigated the potential role of p16 and EBV status in patients with 

NPC, hypothesizing that p16 can complement EBV status as a marker of prognosis.

METHODS

Patient Selection

As a part of an institutional review board–approved study, we identified 312 consecutive 

patients with NPC treated at MD Anderson Cancer Center between the years 2000 and 2014. 

After excluding patients with non-primary, recurrent, and non-NPC histology tumors, a total 

of 86 patients were identified as having tumor tissue specimens available for pathology 

review and testing for EBV and p16 status. The medical records of all 86 of these patients 

were then retrospectively reviewed for clinical and pathologic characteristics, as well as 

details of chemotherapy, surgery, and radiation therapy.

EBV, HPV and p16 Detection

All available tumor specimen blocks were centrally reviewed by two MD Anderson 

pathologists specializing in head and neck cancer. In situ hybridization for EBV-encoded 

RNA was used to detect EBV in formalin-fixed, paraffin-embedded tissue sections by using 

automated BenchMark system (Ventana, Tuscon, AZ, US) according to the manufacturer’s 

protocol, with appropriate positive and negative controls. Expression of p16 was analyzed by 

immunohistochemical staining of 4-µm paraffin sections according to standard protocols.3 

Briefly, samples were incubated with primary monoclonal antibody targeting the p16 antigen 

(BD Systems, Franklin Lakes, NJ, US) followed by the addition of a secondary antibody. 

The stained slides were then washed with incubation buffer and developed with the 

chromogen diaminobenzidine (DAB) and counterstained with hematoxylin. Similarly, for 

HPV detection, the Ventana INFORM HPV III Family 16 Probe (Ventana, Tuscon, AZ, US) 

was used to detect hybridization in the nuclei of high-risk HPV genotypes (16, 18, 31, 33, 

35, 39, 45, 51, 52, 56, 58, and 66). Expression of p16 was considered positive when strong 

nuclear and cytoplasmic staining was present in at least 60% of all tumor cells.

Statistical Analysis

Chi-square or Fisher’s exact tests were used to compare all categorical variables, and t tests 

were used to compare continuous variables when appropriate. The Kaplan-Meier method 

was used to analyze overall survival (OS), progression-free survival (PFS), and locoregional 

control (LRC), and compared between groups with log-rank tests. Time was defined as the 

date of pathologic diagnosis to the event of interest. PFS was defined as time from diagnosis 

to disease progression or death from any cause. Locoregional failure was defined as relapse 

within the primary site or neck lymph node. The influence of covariates on clinical 

outcomes was determined by multivariate Cox proportional hazard regression analysis. The 

proportional hazard assumption was tested graphically. All tests were 2-sided, and a P value 

of <0.05 was considered significant. All statistical analyses were done with IBM SPSS 

software (V22.0).
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RESULTS

Patient and Tumor Characteristics

Patient characteristics are listed in Table 1. The median age for the entire group was 51.4 

years. Most patients were male (72%) and white (64%), and majority presented with 

advanced locoregional disease (T3–4, 69%; N+, 87%) and an Eastern Cooperative Oncology 

Group performance status score of 0–1 (90%). All patients received intensity-modulated 

radiation therapy as part of their treatment, with 89.5% receiving a total dose of 70 Gy in 

33–35 fractions (range 66–70 Gy in 30–35 fractions). Ninety-four percent of the patients 

received chemotherapy. Radiation treatment field included the primary tumor and bilateral 

neck levels II – V. Of the patients receiving chemotherapy, 74% received induction 

chemotherapy, 83% received concurrent chemotherapy and 8% received adjuvant 

chemotherapy. A detailed breakdown of chemotherapy use is listed in supplemental Table 

S1.

Of the 86 patients identified, 44 had tumors that were EBV-positive, 40 were p16-positive, 

and 13 were both EBV-positive and p16-positive. Seven patients (8%) had indeterminate or 

borderline EBV status and 20 patients (22%) did not have sufficient tissue samples to 

determine p16 expression status. These patients were excluded from multivariate analysis. In 

terms of HPV status, 23 tumors were positive, 45 were negative, and 18 had indeterminate 

status. All 23 patients found to have HPV-positive tumors by in situ hybridization were all 

also p16-positive, which accounted for 57.5% (23 of 40) of all p16-positive samples. The 

remaining 17 of the p-16 positive tumors were negative for HPV. HPV status was not 

associated with OS, PFS or LRC (Supplemental Fig S1).

EBV positivity was associated with non-keratinizing WHO type II and III tumors (P<0.01), 

and p16 positivity was associated with having node-positive disease at presentation 

(P<0.01). Although p16 positivity showed a higher association with keratinizing WHO grade 

I tumors compared to non-keratinizing WHO grade II and III tumors (76% vs. 55%), this 

difference was not statistically significant (P=0.16). No differences were found in EBV or 

p16 status according to age, race, sex, performance status, smoking status, T classification, 

and chemotherapy use or sequence (Table 1 and S1).

Clinical Outcomes

The median follow-up time for all surviving patients was 36 months. The 3-year OS, PFS, 

and LRC rates for the entire group were 79.4%, 52.5% and 64.5%. Patients with WHO II/III 

had improved survival and disease control outcomes compared to those with WHO I tumors. 

Patients with EBV-negative tumors had poorer survival and disease-control outcomes than 

those with EBV-positive tumors (Fig 1a–c). The median OS times were 95.0 months for 

patients with EBV-positive tumors versus 44.9 months EBV-negative (P=0.004). Similarly, 

median PFS times were 80.4 months (EBV+) versus 28.1 months (EBV–) (P=0.007) and 

median LRC times were 104.4 months (EBV+) versus 34.2 months (EBV–) (P=0.04). 

Univariate analysis (Table 2) showed that in addition to WHO I and EBV-negative status, 

older age, and performance status score >1 were associated with worse OS and PFS, 
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whereas receipt of chemotherapy and lower T classification were associated with improved 

PFS and LRC.

P16 Positivity Predicts Improved PFS and LRC in EBV-positive tumors

When all patients were stratified based on p16 status of their tumors, the median OS times 

were 139.5 months for those with p16+ tumors and 95.1 months for those with p16– tumors 

(P=0.46). Although this was not statistically significant, we did observed a trend for 

improved PFS and LRC for patients with p16-positive (compared with p16-negative), with 

median PFS times of 91.6 months (p16+) versus 27.1 months (p16–) (P=0.07), and median 

LRC times 106.1 months (p16+) versus 30.2 months (p16–) (P=0.09).

Next, we assessed the predictive value of p16 status in the subgroup of patients with EBV-

positive NPC. Among EBV-positive patients, p16 status did not correlate with OS but was 

significantly associated improved PFS and LRC (Fig 1d–f). The median OS times were 

139.5 months (EBV+/p16+ patients) versus 95.1 months (EBV+/p16 patients). The median 

PFS times were 106.3 months for EBV+/p16+ patients versus 27.1 months for EBV+/p16– 

patients (P=0.02). Similarly, patients with EBV+/p16+ tumors had a median LRC time of 

93.6 months compared with 64.5 months for patients with EBV+/p16– tumors (P=0.02).

Similarly, among patients with WHO II/III status, which is associated with EBV driven 

pathology,22,23 p16 positivity was associated with significantly improved PFS and LRC. The 

median PFS times were 105.3 months for p16+ tumors vs 46.4 months for patients with p16 

– tumors (P=0.014). The median LRC times were 106.5 months for patients with p16+ 

tumors compared with 56.8 months for those with p16- tumors (P=0.041).

To account for competing covariates, we used multivariate analyses after adjustment for age, 

smoking status, WHO grade, T classification, and p16 status in EBV-positive patients (Table 

3). We excluded the use of chemotherapy and baseline performance status as covariates 

because most of the patients with EBV-positive tumors had received chemotherapy (98.5%) 

and had performance status scores of ≤1 (93.2%). In our multivariate model, p16 positivity 

remained a strong predictor of improved PFS (P=0.02) and LRC (P=0.04) among patients 

with EBV-positive tumors. Similarly, WHO status and T classification remained 

significantly associated with PFS.

DISCUSSION

Our current study showed that p16 positivity correlated with improved PFS and LRC for 

patients with EBV-positive NPC, raising the possibility it may be an independent predictor 

of outcomes in this sub-group of patients. p16 is an important tumor suppressor protein that 

is essential to the regulation of the Rb1 cell cycle pathway. p16 induces cell cycle arrest via 

the inhibition of cyclin-dependent kinase 2 and 4 and prevents unchecked cellular growth 

and proliferation.24 Inactivation of p16 has been found at high frequencies in several types 

of cancer in humans, including carcinomas of the head and neck.25 Paradoxically, despite its 

role as an inhibitor of cell proliferation, overexpression of p16 has been linked with 

tumorigenesis, particularly in the setting of HPV-related neoplasms.26 The association 

between p16 overexpression and HPV infection may reflect the presence of the HPV 
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oncoprotein E7, which disables the Rb protein leading to cell cycle progression. In response 

to this “HPV-associated” disruption of the Rb cell cycle checkpoint, p16 is then 

overexpressed to compensate for uncontrolled cellular proliferation.27

However, several mechanisms other than HPV can disable Rb function and cause p16 

overexpression, as have been demonstrated in breast, lung, and bladder cancers.28–30 In 

addition to being overexpressed by inactivation of the Rb pathway, p16 can also be 

overexpressed via Rb-independent pathways, as is the case during the p38-mediated stress 

response.31 Therefore, p16 overexpression may be an intrinsic cellular response to increased 

proliferation rather than a direct consequence of HPV infection. This is especially relevant to 

NPC, in which the incidence of Rb inactivation is low.32 Thus although p16 negativity most 

likely rules out HPV infection, p16 overexpression in tumors can be attributed to multiple 

causes. This supposition was confirmed in our study, in which the 23 patients found to have 

HPV-positive tumors by in situ hybridization were all also found to be p16-positive. 

However, HPV was positive in only 57.5% of p16-postive tumors. Further, the lack of 

correlation found between p16 status and WHO classification suggests that overexpression 

of this tumor suppressor protein is multifactorial.

Recent findings have suggested a relationship between HPV infection and NPC, but its 

clinical significance has been hard to establish because of inconsistencies in reported 

findings, including the incidence of viral coinfection with EBV.2,3,7,14,15 An analysis of 

NPC patients treated in the United Kingdom in which a multi-tier approach was used to 

assess HPV positivity, first by screening for p16 by immunohistochemical staining followed 

by confirmation with high-risk HPV in situ hybridization, showed that HPV-associated NPC 

was more likely to occur in whites and was not associated with differences in survival.14 

However, a study from Johns Hopkins suggested that HPV-associated NPCs may in fact be 

subepithelial extensions of oropharyngeal tumors rather than true nasopharyngeal primary 

tumors, because of the lack of anatomic barriers that separate the two compartments.15 In 

that study, 3 of 4 patients with HPV-positive NPC were found to have oropharyngeal 

extension; further, p16 was shown to be highly correlated with HPV status. In contrast, 

others have suggested that HPV-associated NPC represents a distinctive clinicopathologic 

entity similar to their HPV-associated oropharynx counterpart, with unique epidemiologic 

and pathologic features.7 This is partially based on the hypothesis that EBV and HPV 

infections may be mutually exclusive. Findings from MD Anderson Cancer Center showed a 

high correlation between HPV positivity and lack of EBV coinfection in patients with WHO 

grade I NPC, implicating a role for EBV-independent, HPV-driven carcinogenesis in such 

patients.3 Similarly, no cases of coinfection were found in an analysis of 61 patients treated 

at the University of Michigan in which 18 tumors were HPV-positive and none of those 18 

tumors were EBV-positive. That study further indicated that HPV-positive NPC was 

associated with worse prognosis compared with NPC that was negative for both EBV and 

HPV.7 However, whether EBV and HPV infections in NPC are truly mutually exclusive 

remains elusive.11–13 Several studies, including the current one, have demonstrated that 

EBV status alone is a significant predictor of prognosis in NPC.33,34 Thus, the conclusion 

from the Michigan study in which patients with HPV-positive NPC have worse outcomes 

than those with HPV-negative tumors could be attributed to the difference in EBV status 

rather than the HPV status, as no co-infection of HPV and EBV were found in their tumor 
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samples. Close examination of their data showed patients with HPV+/EBV– tumors actually 

had better clinical outcomes than did those with HPV–/EBV– tumors, with significantly 

improved 5-year rates of OS (47.9% vs. 17.6%, P=0.003), PFS (34.2% vs. 11.8%, P=0.001), 

and LRC (48.1% vs. 26.4%, P=0.002).

Although p16 overexpression is often used as a surrogate for HPV infection in 

oropharyngeal carcinoma, our results suggest it may be an independent biomarker for 

predicting response to treatment in NPC. These findings are consistent with the underlying 

biology of p16 protein, whose levels are increased as a direct compensatory response to 

uninhibited cellular proliferation.35 We did observe a trend towards improved PFS and LRC 

among patients with p16-positive tumors independent of EBV status. These differences may 

become more evident with longer follow-up time and larger number of patients. When 

patients were stratified based on EBV-positivity, the prognostic and predictive power of p16 

became statistically significant. This is mainly due to improved locoregional control as there 

were only 3 distant failures in our group.

Viral infection by EBV can disrupt several intracellular signaling processes involved in cell 

cycle regulation. For example, the EBV-associated oncoprotein latent membrane protein 1 

(LMP1) can block p16 expression and inhibit downstream effectors, including E2F4 and 

E2F5 transcription factors, to promote cellular proliferation.36,37 LMP1 is expressed in 65% 

of EBV-positive nasopharyngeal tumors and has been linked with more aggressive features.
38,39 Therefore, it is possible that within EBV-positive NPCs, p16 expression status can 

identify tumors with an aggressive phenotype with suppressed compensatory up-regulation 

of this tumor suppressor (Fig 2). Interestingly, all 3 distant failures in the current series 

occurred in patients with p16-negative tumors. These findings, together with the pooled 

results from single-institution IMRT studies and the Radiation Therapy Oncology Group 

(RTOG 0225) trial, which have consistently shown excellent locoregional control up to 90% 

at 2 years, with distant metastases rate as high as 33% suggest that distant failure may be in 

part be influenced by p16-status, and merit further analysis of p16-status in cohorts from 

these trials as well as those from the U.S. Intergroup 0099 and endemic randomized trials.
40–43

Despite these findings, the use of p16 expression as a marker to further stratify various risk 

groups of NPC faces many challenges.16,44 For example, substantial differences exist in the 

definition of p16 overexpression, with definitions of p16 positivity ranging from 30% to 

90% positive tumor cell staining.3,6,7 This heterogeneity in staining patterns likely reflects 

differences in the immunohistochemical staining protocols and probes used. Suggestions 

have been made that a positive p16 score should require at least 70% tumor cell staining.44 

Currently, no universally adopted staining protocol has been identified, and monoclonal 

antibodies can vary among suppliers. Therefore, accurate determination of p16 expression 

status on an individual basis requires that the staining protocol be optimized for a particular 

set of probes and use of proper standardized controls to minimize the risk of false results.

There are several limitations to this study. Notably, this is a non-randomized, retrospective 

review from a single-institution and patient numbers are limited. While treatments for our 

patients were relatively homogeneous (100% received definitive dose IMRT and over 83% 

Jiang et al. Page 7

Head Neck. Author manuscript; available in PMC 2018 April 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



received concurrent chemotherapy), many patients (75%) received induction chemotherapy, 

which consisted of varied regimens. In addition, around 20% of the patients had insufficient 

tissue sample for definitive p16 analysis, which may have lowered the statistical power of 

our study to detect additional differences in patient outcomes. Finally, all 23 HPV-positive 

tumors were also p16 positive, accounting for 57.5% of all p16-positive samples. Although 

not explicitly tested in our series, this raises the question as to whether patients with tumors 

harboring HPV-driven p16 up-regulation have a different prognosis compared to HPV 

independent p16-upregulation.

CONCLUSION

In this study, we showed that in patients with EBV-positive tumors, the lack of p16 

expression conferred a worse PFS and LRC. These patients may benefit from further local or 

systemic treatment intensification such as radiotherapy dose-escalation or addition of a 

radiosensitizing agent. Alternatively, the need for chemotherapy can be assessed in those 

with potentially “low risk” stage II disease who have non-keratinizing (WHO II/III), EBV-

positive and p16-positive tumors. Although these findings raises a possibility of p16 status, 

independent of HPV, as a potential complementary marker of prognosis in addition to EBV 

status for patients with NPC, given the limited number of the patients in our study, and its 

retrospective nature, a prospective multi-institutional effort would provide the sample size 

and statistical power to definitively determine the prognostic relationship, if any, among p16 

expression level, EBV status, and clinical outcomes for patients with NPC. Accurate 

identification and validation of p16 as a complementary biomarker could further stratify 

these patients with the goal of optimizing treatment outcomes and guide future study design.
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Refer to Web version on PubMed Central for supplementary material.
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Fig 1. 
Survival and disease-control outcomes stratified by Epstein-Barr virus (EBV) and p16 

status. Patients with EBV-positive tumors had better overall survival (OS) (a), progression-

free survival (PFS) (b), and locoregional control (c) compared with patients with EBV-

negative tumors. For patients with EBV-positive nasopharyngeal carcinoma, p16 positivity is 

not predictive of a) OS, but is associated with significantly improved e) PFS and f) LRC.
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Fig 2. 
Schematic demonstrating possible molecular mechanisms involving p16 expression, 

Epstein-Barr virus (EBV) status, and human papillomavirus (HPV) status. 1) p16 is a tumor 

suppressor protein that inhibits cell cycle progression by preventing the formation of cyclin 

D/CDK complex, which is needed to phosphorylate retinoblastoma protein (Rb). Rb binds 

and prevents E2F from entering the nucleus to initiate cell cycle progression. (2) When cells 

are infected by HPV, the oncoprotein E7 binds to Rb, and signals it for degradation. As a 

result, E2F is released into the nucleus to initiate cell cycle progression. The uncontrolled 

cell proliferation initiates a negative feedback loop to signal p16 upregulation to counter this 
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effect. (3) During EBV infection, this protective feedback mechanism can be disrupted by 

the oncoprotein latent membrane protein 1 (LMP1) by blocking the expression of p16.
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