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Abstract

:

Background and Objectives: Human papillomavirus (HPV) was previously investigated in lung cancer with wide inter-geographic discrepancies. p16INK4a has been used as a surrogate for detecting high-risk HPV (HR-HPV) in some cancer types. This study assessed the evidence of HPV in non-small-cell lung cancer (NSCLC) among Jordanian patients, investigated the expression of p16INK4a, and evaluated its prognostic value and association with HPV status. Materials and Methods: The archived samples of 100 patients were used. HPV DNA detection was performed by real-time polymerase chain reaction (RT-PCR). p16INK4a expression was assessed by immunohistochemistry (IHC). The Eighth American Joint Committee on Cancer protocol (AJCC) of head and neck cancer criteria were applied to evaluate p16INK4a positivity considering a moderate/strong nuclear/cytoplasmic expression intensity with a distribution in ≥75% of cells as positive. Results: HPV DNA was detected in 5% of NSCLC cases. Three positive cases showed HR-HPV subtypes (16, 18, 52), and two cases showed the probable HR-HPV 26 subtype. p16INK4a expression was positive in 20 (20%) NSCLC cases. None of the HPV-positive tumors were positive for p16INK4a expression. A statistically significant association was identified between p16INK4a expression and the pathological stage (p = 0.029) but not with other variables. No survival impact of p16INK4a expression was detected in NSCLC cases as a group; however, it showed a statistically significant association with overall survival (OS) in squamous cell carcinoma (SqCC) cases (p = 0.033). Conclusions: This is the first study to assess HPV and p16INK4a expression in a Jordanian population. HPV positivity is rare in NSCLC among a Jordanian subpopulation. P16 INK4a reliability as a surrogate marker for HPV infection in lung cancer must be revisited.
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1. Introduction


Lung cancer is the leading cause of cancer-related morbidity and mortality in males and females worldwide [1]. Lung cancer pathogenesis is a complex process involving genetic and environmental factors [2]. Although smoking is the most significant causative agent for lung cancer, fewer than 20% of smokers develop lung cancer, and lung cancer remains the primary cause of death among never-smokers [3,4]. Other factors, such as genetic susceptibility, unfavorable occupational exposure, air pollution, and viral infections, are implicated in the development of lung cancer [5,6]. Human papillomavirus (HPV) is one of the viruses associated with lung cancer [7].



HPV is a DNA virus that belongs to the Papovaviridae family and is genotyped into three groups based on its oncogenic risk: high-risk group (HR-HPV) such as HPVs 16, 18, 31, 33, 35, 39, 45, 51, and 52, which can lead to cancerous transformation, probable/possible carcinogen such as HPVs 26, 53, 66, 68, 73, and 82, and low-risk- group (LR-HPV) such as HPVs 6, 11, 40, 42, 43, 44, 54, 61, and 72, which cause benign lesions [8]. The HPV DNA encodes for several proteins, including the early (E) E1-E2, E4-E7, and late (L), L1, and L2 proteins, that carry oncogenic potential [9].



The role of HPV in causing cervical cancer and a subset of anogenital and oropharyngeal cancers is established [10,11,12]. In this regard, a recent study detected a high frequency of HPV DNA (94.4%) in high-grade vaginal intraepithelial neoplasia, with 26.8% showing multiple infections [13]. Furthermore, these HPV-induced cancers show overexpression of the p16INK4a protein, which is used as a surrogate for HPV status in these cancers [14,15]. The molecular pathways of HPV-induced cervical and head and neck carcinomas are linked to its two main oncogenes, E6 and E7, which deactivate the p53 and Rb tumor suppressor genes, respectively. After infection, the HPV-E7 protein binds to the Rb protein, causing its inactivation and leading to the release of E2F, which drives the expression of several pro-proliferative proteins. Several studies showed that Rb inactivation and the consequent E2F activation stimulate the expression of the tumor suppressor gene p16INK4a, a cyclin-dependent kinase inhibitor (CDKI), through negative feedback [16,17,18]. Subsequently, p16INK4a expression has been highly correlated with HR-HPV.



On the other hand, although several studies have also indicated that HR-HPV may have a role in the pathogenesis of lung cancer [2,7,19], this role has not been well established. The first report to suggest a connection between HPV and lung cancer was in 1979 by Syrjaanen et al., indicating the presence of histological changes similar to the HPV-linked condylomatous changes in the bronchial epithelium adjacent to squamous cell carcinoma [20]. Since then, several studies have been conducted and showed conflicting results regarding the relationship between HPV infection and lung cancer development, with inconsistency in the reported prevalence, possibly due to geographic differences and methodological variability. For example, in one meta-analysis, Srinivasan et al. found that the prevalence of HPV varied greatly between geographic areas and histological subtypes, with a global range of 0.0 to 78.3%. This meta-analysis, in addition, showed that Asian studies reported a higher HPV prevalence compared to European studies [4]. Unlike cervical and head and neck cancers, the relationship between HPV and p16INK4a expression in NSCLC is not well established. Some studies failed to reveal a significant correlation between HPV infection and p16INK4a expression in lung cancer [15,21]. In any case, p16INK4a expression has been evaluated for its prognostic role in NSCLC regardless of the HPV status, and several studies showed that it had a significant prognostic value [22,23,24,25].



In Jordan, lung cancer is the leading cause of cancer-related deaths, and recent estimates expect an increasing burden of lung cancer on public health, particularly with increasing smoking habits. Further, the prevalence of HPV, despite being relatively low, seems to be increasing in Jordan [26]. However, to the best of our knowledge, there is no data that link lung cancer and HPV among Jordanian patients. This study aimed to evaluate the prevalence of HPV and p16INK4a expression in NSCLC among a Jordanian subpopulation.




2. Materials and Methods


2.1. Patients and Tissue Samples


A total of 100 tumor tissue samples of patients who were surgically treated for their NSCLC between 2009 and 2022 at King Hussein Cancer Center (KHCC), Amman, Jordan, were obtained for this work. The cases were selected after a retrospective search of the archived cases at the Department of Pathology and Laboratory Medicine, KHCC. The patients’ inclusion criteria included the following: patients with surgical resection of primary lung cancer, lack of preoperative chemotherapy or radiotherapy, negative history of other tumors at the time of diagnosis, particularly those derived from an HPV-driven anatomical area, and the presence of adequate tissue samples and clinical follow-up data. The patients’ clinicopathological characteristics, including age, gender, smoking status, postoperative treatment history, histologic subtypes, pathologic stage, and survival data, were collected from the patients’ medical records and pathological reports. The respective H&E-stained slides of the cases were evaluated by two pathologists (O.A.A.K. and S.A.) to confirm the pathological features. Tumor subtypes and grades were determined according to the World Health Organization (WHO) guidelines [27,28]. Grading of the adenocarcinoma (ADC) cases was determined based on the combination of the predominant and the worst architectural patterns. Squamous cell carcinoma (SqCC) grades were specified based on the degree of tumor keratinization. Tumor grades were divided into two categories: low-grade, which included well to moderately differentiated cancers, and high-grade, which included cancers with poor differentiation. The stages were determined according to the seventh and eighth editions of the American Joint Committee (AJC) on the Cancer TNM classification system, depending on the time of diagnosis [29,30]. Overall survival (OS) was measured from the time of surgery to the time of death or the last follow-up visit. Disease-free survival (DFS) was calculated from the time of surgery to the time of the first of two events: recurrence or death from any cause.




2.2. Extraction of DNA


FFPE tissue blocks were retrieved from the pathology department in KHCC. For each patient, 10 sections of 10 μm thickness were cut using the HistoCore BIOCUT manual rotary microtome, where the blade gently sweeps the sections after cutting to be stored in 2 mL microcentrifuge tubes positioned underneath. Once all sections had been collected, the tube was securely capped to prevent sample loss or contamination. DNA extraction was carried out using the ReliaPrep™ FFPE gDNA Miniprep System® Genomic DNA Kits (Promega, Madison, WI, USA) according to the manufacturer’s instructions. Briefly, the FFPE sections were deparaffinized by adding 1 mL of 100% xylene to the samples with centrifuging for 2 min at maximum speed at room temperature to remove residual xylene, then adding 1 mL of 95–100% ethanol (100%) with centrifuging for 2 min at maximum speed at room temperature. After that, centrifuging for 30 s at maximum speed and drying the pellet for 5–15 min at 37 °C was performed to evaporate residual ethanol. Then, 200 µL of Lysis Buffer and 20 µL of Proteinase K were directly added to the samples and incubated at 56 °C for 1 h and at 80 °C for 4 h. Subsequently, 10 μL of RNAse A was added to the lysed sample and incubated at room temperature for 5 min. Then, 220 µL of BL Buffer and 240 µL of ethanol (95–100%) were added and mixed thoroughly, followed by the binding and column washing steps. Then, DNA was eluted by adding 50 µL of Elution Buffer, centrifuging at 16,000× g for 1 min, and storing at −30 to −10 °C for subsequent processing.




2.3. HPV Detection and Genotyping


HPV detection and genotyping were performed by real-time PCR (RT-PCR) using the HPV Genotypes 21 Real-TM Quant Kit (Sacace Biotechnologies, Como, Italy). The HPV Genotypes 21 Real-TM Quant Kit is capable of identifying 21 HPV subtypes, including three low-risk (HPV 6, 11, 44), six probable high-risk (HPV 26, 53, 66, 68, 73, 82), and 12 high-risk (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59). The kit amplifies a target of DNA sequence. The kit contains an artificial sequence of the HPV genome as a positive internal control (IC) to monitor the quality and efficiency of the PCR and the DNA amplification process and a PCR mix for the amplification of human genomic DNA (sample intake control (SIC)) that allows for the exclusion of preanalytical error. The kit also provides positive and negative controls. Briefly, 10.0 μL of Taq DNA Polymerase was added to each strip of PCR-mix 21 along with 5.0 μL of extracted DNA from the clinical samples. The negative and positive control strips received the same mix. After that, all strips were capped and spun for 2–3 s and transferred into the thermal cycler (Anatolia geneworks RT-PCR) and went through the following program: 1 cycle of 80 °C for 30 s followed by 94 °C for 90 s; 5 cycles of 94 °C for 30 s followed by 64 °C for 15 s; 45 cycles of 94 °C for 10 s followed by 64 °C for 25 s; and finally 1 cycle of 94 °C for 5 s. The PCR was considered valid if the positive controls showed a signal and the negative controls did not. Results interpretation was performed using the software of SLAN 8.3 RT-PCR system.




2.4. Immunohistochemistry (IHC)


The specimens were fixed in 10% neutral-buffered formalin (NBF) immediately or within 5 min of the resection, with a fixation duration between 12 and 28 h. Immunohistochemistry was performed using a BOND III autostainer and Detection Kit (DS9800; Leica Biosystems, Deer Park, TX, USA) according to the manufacturer’s instructions. Briefly, tissue sections of 3 μm thickness were cut from the FFPE specimens using the HistoCore BIOCUT manual rotary microtome, prepared on IHC adhesive slides (TOMO®), and put in an oven for about 15 min at 65–70 °C to assist the sections adhering to the slides. Then, the sections were deparaffinized and rehydrated. Antigen retrieval was performed using Bond Epitope Retrieval Solution 1 (Citrate; pH 6.0) (AR9961; Leica Biosystems) for 20 min. Blocking was achieved with Peroxide 3–4% (vol/vol) hydrogen peroxide for 5 min at 100 °C. Slides were incubated at room temperature with the ready-to-use anti-p16 mouse monoclonal primary antibody for 20 min (clone INK4A/JC2, Cell Marque, Rocklin, CA, USA). Visualization was achieved using 3,3′-diaminobenzidine (DAB) staining and hematoxylin counterstaining (Leica Biosystems). Finally, the slides were dehydrated and cleared with xylene, then cover-slipped with dibutyl phthalate in xylene (D.P.X.) mounting media. Cervical squamous severe dysplasia known to be p16-positive was used as a positive control, and negative control was obtained by removing the primary antibody.




2.5. p16INK4a Protein Expression Scoring


The samples were assessed and scored independently by two pathologists (O.A.A.K. and S.A.) using a light microscope (Olympus BX53, Tokyo, Japan), and a consensus was obtained on all cases. All cases were scored for staining intensity in tumor cells as follows: 0: unstained, 1+: weak, 2+: moderate, 3+: strong. The distribution of staining in tumor cells was scored as follows: 0: no staining, 1+: 1–<25%, 2+: 25–<50%, 3+: 50–<75%, 4+: ≥75%. Then, following the 8th edition of the AJCC staging system for head and neck cancer, a positive p16INK4a expression was defined as cases with nuclear/cytoplasmic staining with intensity of 2+/3+ and a distribution of 4+ (cases with at least moderate staining intensity in ≥75% of tumor cells) [31,32]. Cases with cytoplasmic staining alone were considered negative [33].




2.6. Statistical Analysis


Categorical variables were summarized using counts and percentages. The Chi-square test or Fisher’s exact test was used in a univariate study to discover relationships between p16INK4a expression and clinicopathological features. The Kaplan–Meier method was used to estimate the OS and DFS, and the log-rank test was performed to compare the results. All statistical analyses were undertaken with a two-tailed test. The threshold for statistical significance was set at p-values less than or equal to 0.05. Statistical analysis was performed using IBM SPSS Statistics software for Windows version 29 (IBM Corp., New York, NY, USA).





3. Results


3.1. Patients’ Characteristics


Table 1 summarizes the primary features of the patients’ sample. The cohort included 100 NSCLC patients who underwent surgical resection. Most patients underwent a lobectomy (84/100, 84%), ten patients underwent wedge resection, and six patients had a pneumonectomy. Six patients had positive bronchial or vascular margins. In terms of their histologic subtype, 59% of the cases were ADC, and 41% were SqCC. Most patients were older than 60 with a median age of 69 (range 46–86 years), and 85% were males. The vast majority of patients (~85%) were either current or former smokers. Most patients had high-grade tumors with poor differentiation (59%). The majority of cases were of early stages, and the distribution of the pathological stages was as follows: stage I (33%), stage II (36%), stage III (28%) and stage IV (3%). Most patients had a tumor size of more than 3 cm (64%), and 37% had positive lymph node metastasis. Regarding the architectural patterns of the ADC cases, the majority had an acinar predominant pattern (47.5%), followed by solid (25.4%), lepidic (23.7%), and micropapillary (3.4%).



Regarding the postoperative treatment, 47 patients received no therapy, 38 patients received chemotherapy, 4 patients received radiotherapy, and 11 patients had a combination of chemoradiation therapy. About 34 patients developed disease recurrence or progression either in the form of locoregional recurrence or distant metastasis. Of these, four patients did not have any further therapy; nine patients had radiation therapy, five patients had chemotherapy, eight patients received chemoradiation therapy, three patients received a combination of chemotherapy with immunotherapy, one patient received a combination of chemotherapy and epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor, one patient received EGFR tyrosine kinase inhibitor alone, one patient was treated with Anaplastic lymphoma kinase (ALK) inhibitor, one patient received immunotherapy, and one patient was treated with surgery alone. The status of the driver gene mutations was available for a limited number of cases. ALK1 was tested in 32 cases by an FDA-approved CDx grade IHC, and only 2 were positive. ROS1 was tested in six cases by IHC, and only one was positive. EGFR gene mutations were investigated in eleven cases, where only two cases showed exon 19 deletion and L858R mutation. The tumor proportion score of PD-L1 was available for 47 cases, where 28 cases were positive, with a score of 1% or more.




3.2. HPV Detection and Correlation with p16INK4a Expression


Real-time PCR revealed that among the 100 NSCLC cases, 5 cases (5%) were positive for HPV. Three cases were positive for HR-HPV subtypes (16, 18, and 52), and two cases were positive for the probable HR-HPV 26 subtype (Table 2). Four of the positive cases were ADC, and only one case was of SqCC histological type. These positive cases were detected in three males and two females with a mean age of 70 (range: 56–78). Four cases occurred in patients with a smoking history and one in a non-smoker. Four of them also demonstrated low-grade disease, and one was high-grade. Three cases were of pathological stage I, 1 of stage II, and 1 of stage III. Only one of these positive cases showed a progression of the disease. The median follow-up time of the patients with HPV-positive tumors was 36 months (range: 24–70). Surprisingly, none of the HPV-positive cases were positive for p16INK4a by IHC according to the followed criteria. However, all cases showed p16INK4a expression ranging from 5 to 60% with weak to moderate intensity (Figure 1A–E). No statistically significant association was identified between the HPV status and other clinicopathological variables.




3.3. p16INK4a Expression Detection and Correlation with the Clinicopathological Features


In total, 20 out of 100 cases were positive for p16INK4a expression. Of those, 12 cases were ADC (12/59, 20.3%), and 8 cases were SqCC (8/41, 19.5%). In both ADC and SqCC, p16INK4a expression varied from being strongly positive to aberrant to completely negative (Figure 1F–M). Cases with non-specific cytoplasmic staining were considered negative. Analysis of p16INK4a expression in correlation to the clinicopathological variables revealed a statistically significant association with the pathological stage (p = 0.029), where most of the cases with positive p16INK4a expression were either stage I or II. No significant association was demonstrated with the other characteristics, including HPV status (Table 1).




3.4. Survival Analysis of p16INK4a Expression and Other Clinicopathological Variables


The median overall survival (OS) for all patients was 35 months (mean 43.45 months), and the median disease-free survival (DFS) was 26.5 months (mean 36.11 months) following surgical resection. Survival analysis of all cases showed no statistically significant association between p16INK4a expression and either OS (p = 0.151) or DFS (p = 0.522). However, by dividing the cases according to the histological subtypes, a statistically significant association was found between p16INK4a expression and OS in SqCC cases, where cases with positive p16INK4a expression exhibited a better overall survival (p = 0.033) but not in ADC cases (p = 0.930) (Figure 2A–D). Kaplan–Meier survival analysis showed that advanced pathological stages, positive lymph node metastasis, and tumor size > 3 cm were significantly associated with poor OS and DFS in p16INK4a negative cases. In contrast, in p16INK4a positive cases, only positive lymph node metastasis and advanced pathological stages were significantly associated with poor OS and DFS, respectively (Figure 3A–L).





4. Discussion


The role of HPV as a causative agent in lung cancer has been previously suggested but with wide variability based on geographic and methodological differences [34]. This work represents the first study to investigate the prevalence of HPV infection in NSCLC among a Jordanian subpopulation. This study investigated 100 NSCLC cases, particularly ADC and SqCC types, from a central referral hospital in Jordan. All cases were assessed for the presence of 12 HR-HPV, 6 probable HR-HPV, and 3 LR-HPV genotypes. HPV prevalence in this study was 5%; four cases were of the ADC histological subtype, and one was of the SqCC subtype. Three cases were of high-risk subtypes, and two cases were of the probable high-risk HPV 26 subtype (40%, 2/5). Due to the rarity of studies investigating the relationship between HPV infection and lung cancer, locally and in the neighboring countries in the Middle East and North Africa (MENA) area, it was challenging to compare our findings with previous work. A study conducted by Nadji et al. in Iran investigated the presence of HPV DNA in 129 lung cancer cases and 90 non-cancer control subjects using nested PCR. The study found an HPV prevalence of 25.6% in lung cancer cases compared to 9% in control cases, with HR-HPV 16 and 18 subtypes being more prevalent in cancer cases than in control cases [35]. Interestingly, similar to our results, they detected only one HPV-26-positive lung cancer case. Another more recent study in an Iranian subpopulation investigated a relatively similar sample size to the one in this work, including 109 lung cancer cases and 52 control cases [36]. The study utilized RT-PCR to analyze the presence of HPV, assessed the expression of E2, E6, and E7 viral oncoproteins, the expression of p53 and Rb genes, and selected miRNAs and genes related to epithelial–mesenchymal transition (EMT). They reported a 51.4% prevalence of HPV among lung cancer cases and 23.1% among control samples, which is significantly higher than what was observed by our analysis. HPV 16 was the most detected type, both in cancer and control cases. Of interest, authors also suggested that HPV infection could play a role in EMT [36].



The prevalence of HPV among lung cancer cases had a higher frequency in Asian populations compared to European and North American populations, as reported by several meta-analyses [4,37,38]. The HPV frequency range has been found to be 0 to 78.3% (mean 33.9%) in Asia, 0 to 69.2% (mean 10.5%) in Europe, 27.8% to 29% (mean 28.6%) in South America and 0 to 22% (mean 10.2%) in North America [39]. Although our results revealed a low prevalence of HPV positivity in NSCLC among the Jordanian population, it falls within the worldwide range of 0.0 to 78.3%, and it shows partial agreement with some studies [4]. For example, Joh et al. investigated 51 frozen lung samples from 30 NSCLC patients to assess the presence of HPV using PCR and DNA sequencing [40]. HPV DNA was identified in 16.7% of NSCLC patients, all of which were of ADC histological type, with HPV 16 being the most prevalent genotype [40]. Another study investigated 176 lung SqCC and 128 lung ADC from eight Asian institutions for the presence of HPV using PCR and in situ hybridization (ISH). HPV infection was detected in 6.3% and 7% of patients with lung SqCC and lung ADC, respectively. Most of the HPV-positive cases were HPV 16/18 genotypes [41]. Similarly, Sarchianaki et al. investigated 100 NSCLC using RT-PCT and reported a prevalence of 19% for HPV with a higher frequency in ADC cases [2], which is similar to the current study. On the other hand, Yanagawa et al. assessed the presence of the HPV genotype in 336 primary NSCLC cases using PCR and ISH and detected a prevalence of 1.5% using both methods. All cases were of the HPV 16 genotype and were found in SqCC [39]. Similarly, de Oliveira et al. reported a higher frequency of HPV in lung SqCC compared to ADC cases. Inconsistent with these results, Silva et al. investigated the presence of HPV DNA in 62 NSCLC cases using multiplex PCR and HPV16-specific RT-PCR, and none of the cases were positive for HPV [42]. Similar results of HPV negativity in lung cancer were reported in other two studies using different methods [43,44].



As suggested by previous studies, it seems that the heterogeneity in HPV prevalence is attributed to geographic differences, sociocultural differences, sensitivities of the methods used, sample size, and, finally, the histologic subtypes of the studied cases. Evidently, in Jordan, the prevalence of oncogenic HPV is relatively low in comparison to Western countries, with some studies reporting a general prevalence of 4% in a subpopulation of patients [45]. In this work, no statistically significant association was identified between the HPV status and other clinicopathological variables. This can be attributed to the very small number of HPV-positive cases detected. Similar to our results, some previous studies failed to find an association between HPV and other clinicopathological features in lung cancer [2,46,47].



p16INK4a overexpression has a strong correlation with HR-HPV infection in uterine cervix carcinoma and a subset of oropharyngeal SqCC and is frequently utilized as a surrogate for such cancers [43]. However, this link has not been adequately established in lung cancer. Therefore, we further assessed the expression of p16INK4a in the whole cohort of patients, trying to explore any correlation with the HPV status. p16INK4a overexpression was detected in 20% of cases; surprisingly, none of these cases were positive for HPV DNA, and further, none of the five HPV-positive cases were positive for p16INK4a overexpression considering at least a moderate intensity of staining in ≥75% of tumor cells as positive. Still, all HPV-positive cases showed some degree of positive p16INK4a expression ranging from weak to moderate intensity. HPV-unrelated p16INK4a overexpression can be attributed to Rb gene inactivation by mechanisms other than HR-HPV E7 expression [48,49] or be part of tumor cell senescence, as reported previously in lung cancer [50,51,52]. Similarly, several previous studies failed to find a correlation between p16INK4a overexpression and HPV status in lung cancer [39,42,47]. For example, Bishop et al. assessed 220 cases of lung SqCC and found a prevalence of 24.5% of p16INK4a overexpression, considering a strong and diffuse nuclear and cytoplasmic staining present in ≥70% of the tumor as positive, while only 5% of cases were positive for HR-HPV by ISH [21]. In agreement with that, Doxtader et al. reported a 35% positivity rate of p16INK4a in lung SqCC (considering a strong and diffuse nuclear and cytoplasmic staining present in ≥50% of the tumor as positive), where all cases were negative for HR-HPV [15], and similarly considering a strong and diffuse nuclear and cytoplasmic staining present in ≥70% of the tumor as positive, Chang et al. reported a strong diffuse expression of p16INK4a in 14.6% of NSCLC cases with negative results for HPV [43]. Subsequently, p16INK4a expression might not be a reliable surrogate for HPV infection in lung cancer. On the contrary, Robinson et al. investigated 70 NSCLC cases where p16INK4a expression significantly correlated with the presence of HPV [53]. Further, high p16INK4a expression may have provided more persuasive evidence that the virus has molecularly affected cellular proliferation, according to some studies [53,54].



Regardless of the HPV status, the correlation between the p16INK4a expression and other clinicopathological factors and its prognostic value in lung cancer is not clear. In this study, p16INK4a expression was significantly correlated with early-stage disease. In agreement with this, Bian et al. reported that negative p16INK4a expression by IHC has a statistically significant correlation with a higher pathological stage and lymph node metastasis but not with other variables such as age, gender, differentiation, and tumor size [55]. Another study revealed that p16INK4a overexpression is significantly associated with early-stage IA1 and IA2 disease [25]. Another exciting study used the same scoring criteria of p16INK4a expression as in this work and found that p16INK4a positivity is significantly associated with the N0 stage, while p16INK4a negativity is significantly associated with SqCC [24]. On the contrary, Zou et al. [47] and Silva et al. [42] did not find a significant correlation between p16INK4a expression and other clinicopathological features.



When all cases of NSCLC were analyzed, no significant impact of the p16INK4a expression on the OS (p = 0.151) or DFS (p = 0.522) was detected in this work. However, p16INK4a expression showed a statistically significant association with OS in patients with the SqCC histological subtype, where patients with positive p16INK4a expression showed a better overall survival (p = 0.033). Further, poor OS and DFS were significantly associated with advanced pathological stages, positive lymph node metastasis, and tumor size >3 cm in p16INK4a negative cases, while, in p16INK4a-positive cases, only positive lymph node metastasis and advanced pathological stages were significantly associated with poor OS and DFS, respectively. Similarly, Huang et al. did not find a significant difference in five-year survival and p16INK4a status in NSCLC; however, a worse OS rate of patients with negative p16INK4a was established in early stages [33]. In contrast, Zhou et al. found that p16INK4a expression was associated with a statistically significant favorable prognosis in ADC cases, whereas in SqCC, p16INK4a expression showed a slightly worse median OS, albeit not statistically significant [47]. Bian et al. also reported that loss of p16INK4a expression, tumor size, lymph node metastasis, and pathological stages are associated with significantly shorter OS in lung ADC [55]. On the other hand, An et al. indicated that negative p16INK4a expression was significantly associated with shorter disease-specific survival and DFS, and similar to our results, advanced pathological tumor stages were significantly associated with poor survival [24]. Collectively, the evidence supports a prognostic role of p16INK4a expression in lung cancer and the variability between different studies can be attributed to different methodological approaches, especially p16INK4a scoring, different sample sizes, and different histological subtypes.



This study has some limitations. First, this retrospective study was performed in a single center and, thus, was amenable to selection bias. Second, it utilized a single modality to assess the presence of HPV in spite of the fact that PCR is a sensitive and specific method to investigate HPV in lung cancer. Further, we recognize that the mere presence of HPV in lung cancer does not provide sufficient evidence about its role in carcinogenesis, and this requires further investigations. Finally, the relatively small sample size may have affected the results.




5. Conclusions


This is the first study to assess the HPV status and p16INK4a expression in lung cancer among a Jordanian subpopulation and one of the very few conducted in the MENA area. This study showed that HPV is rare in NSCLC among the Jordanian population, with a prevalence in the studied sample of 5%, all of the high-risk or probable high-risk groups. Although p16INK4a expression was detected in 20% of cases, unlike other cancer types, its reliability as a surrogate for HPV infection in lung cancer requires further investigation. p16INK4a expression carries a good prognostic value in SqCC lung cancer but not in ADC cases. Overall, the potential role of HPV and p16INK4a in the carcinogenesis of lung cancer should be further studied.
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Figure 1. Representative images of p16INK4a immunohistochemistry expression. (A) p16INK4a expression in HPV-16-positive ADC case. (B) p16INK4a expression in HPV-18-positive ADC case. (C) p16INK4a expression in HPV-52-positive ADC case. (D) p16INK4a expression in HPV-26-positive ADC case. (E) p16INK4a expression in HPV-26-positive SqCC case. All HPV-positive cases showed negative p16INK4a results with variable expression demonstrating weak to moderate intensity. (F) p16INK4a expression showing score 3+ with strong nuclear and cytoplasmic expression in ADC. (G) p16INK4a expression showing score 2+ with moderate nuclear and cytoplasmic expression in ADC. (H) p16INK4a expression showing score 1+ with weak nuclear and cytoplasmic expression in ADC. (I) p16INK4a expression showing score 0 with complete lack of staining in ADC. (J) p16INK4a expression showing score 3+ with strong nuclear and cytoplasmic expression in SqCC. (K) p16INK4a expression showing score 2+ with moderate nuclear and cytoplasmic expression in SqCC. (L) p16INK4a expression showing score 1+ with weak nuclear and cytoplasmic expression in SqCC. (M) p16INK4a expression showing a score of 0 with a complete lack of staining in SqCC. Abbreviations: ADC: adenocarcinoma, SqCC: squamous cell carcinoma. All images were obtained at 40× magnification. Scale bars = 5 µm. 
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Figure 2. Kaplan–Meier survival curves according to p16INK4a expression in NSCLC, ADC, and SqCC cases. (A) OS of p16INK4a-positive and negative NSCLC tumors. (B) DFS of p16INK4a-positive and negative NSCLC tumors. (C) OS of p16INK4a-positive and negative SqCC tumors. (D) OS of p16INK4a-positive and negative ADC tumors. Abbreviations: NSCLC: non-small-cell lung cancer, ADC: adenocarcinoma, SqCC: squamous cell carcinoma, OS: overall survival, DFS: disease-free survival. p-values of ≤0.05 were regarded as statistically significant. 
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Figure 3. Kaplan–Meier survival curves of OS and DFS according to different clinicopathological variables based on p16INK4a expression. (A,B) The correlation between the OS and different pathological tumor stages in p16INK4a-positive and negative cases, respectively. (C,D) The correlation between the DFS and different pathological tumor stages in p16INK4a-positive and negative cases, respectively. Tumor stages were divided into two groups, one composed of early stages I and II and another group comprised of late tumor stages III and IV. (E,F) The correlation between the OS and tumor sizes in p16INK4a-positive and negative cases, respectively. (G,H) The correlation between the DFS and tumor sizes in p16INK4a-positive and negative cases, respectively. (I,J) The correlation between the OS and lymph node metastasis status in p16INK4a-positive and negative cases, respectively. (K,L) The correlation between the DFS and lymph node metastasis status in p16INK4a-positive and negative cases, respectively. Abbreviations: OS: overall survival, DFS: disease-free survival. p-values of ≤0.05 were regarded as statistically significant. 
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Table 1. Patients’ clinicopathological features according to p16INK4a expression.
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	Variables
	Number (%)
	p16INK4a Positive b
	p16INK4a Negative
	p Value *





	Total
	100 (100.0)
	20 (20.0)
	80 (80.0)
	



	Age (Years)
	
	
	
	0.232



	≤60
	23 (23.0)
	7 (35.0)
	16 (20.0)
	



	>60
	77 (77.0)
	13 (65.0)
	64 (80.0)
	



	Gender
	
	
	
	0.072



	Male
	85 (85.0)
	14 (70.0)
	71 (88.7)
	



	Female
	15 (15.0)
	6 (30.0)
	9 (11.3)
	



	Smoking history a
	
	
	
	0.729



	Current/former smoker
	84 (84.8)
	16 (80.0)
	68 (86.1)
	



	Never smoker
	15 (15.2)
	4 (20.0)
	11 (13.9)
	



	Histological subtype
	
	
	
	1.000



	Adenocarcinoma (ADC)
	59 (59.0)
	12 (60.0)
	47 (58.8)
	



	Squamous cell carcinoma (SqCC)
	41 (41.0)
	8 (40.0)
	33 (41.2)
	



	Grade
	
	
	
	0.617



	Low-grade (well and moderately differentiated)
	41 (41.0)
	7 (35.0)
	34 (42.5)
	



	High-grade (poorly differentiated)
	59 (59.0)
	13 (65.0)
	46 (57.5)
	



	Tumor size
	
	
	
	0.193



	≤3 cm
	36 (36.0)
	10 (50.0)
	26 (32.5)
	



	>3 cm
	64 (64.0)
	10 (50.0)
	54 (67.5)
	



	Lymph nodes metastasis
	
	
	
	0.799



	Positive
	37 (37.0)
	8 (40.0)
	29 (36.3)
	



	Negative
	63 (63.0)
	12 (60.0)
	51 (63.7)
	



	Pathological stage
	
	
	
	0.029



	I, II
	69 (69.0)
	18 (90.0)
	51 (63.7)
	



	III, IV
	31 (31.0)
	2 (10.0)
	29 (36.3)
	



	Predominant histological pattern (For ADC cases, 59 cases)
	
	
	
	0.422



	Lepidic
	14 (23.7)
	3 (25.0)
	11 (23.4)
	



	Acinar
	28 (47.5)
	4 (33.3)
	24 (51.1)
	



	Micropapillary
	2 (3.4)
	1 (8.3)
	1 (2.1)
	



	Solid
	15 (25.4)
	4 (33.3)
	11 (23.4)
	



	Papillary
	0 (0.0)
	0 (0.0)
	0 (0.0)
	



	Recurrence/Progression
	
	
	
	1.000



	Present
	34 (34.0)
	7 (35.0)
	27 (33.8)
	



	Absent
	66 (66.0)
	13 (65.0)
	53 (66.3)
	



	HPV Status
	
	
	
	



	Positive
	5 (5.0)
	0 (0.0)
	5 (6.3)
	0.580



	Negative
	95 (95.0)
	20 (100.0)
	75 (93.7)
	







a One patient was excluded due to the absence of smoking history. b p16INK4a was considered positive by immunohistochemistry when it showed at least moderately strong nuclear and cytoplasmic staining in ≥75% of tumor cells. * 2-sided p-value, p-value ≤ 0.05 is considered significant (bold).













 





Table 2. Clinicopathological characteristics of HPV-positive tumors.






Table 2. Clinicopathological characteristics of HPV-positive tumors.





	HPV-Positive Tumor
	Age
	Gender
	Smoking History
	Histological Subtype
	Grade a
	Pathological Stage
	Recurrence/Progression
	p16INK4a Expression b





	HPV 16+
	56
	Female
	Former smoker
	ADC
	High
	Stage I
	Absent
	Negative



	HPV 18+
	74
	Male
	Smoker
	ADC
	Low
	Stage II
	Present
	Negative



	HPV 26+
	72
	Male
	Smoker
	SqCC
	Low
	Stage I
	Absent
	Negative



	HPV 26+
	78
	Male
	Smoker
	ADC
	Low
	Stage III
	Absent
	Negative



	HPV 52+
	70
	Female
	Non-smoker
	ADC
	Low
	Stage I
	Absent
	Negative







a Low-grade tumors include well- and moderately differentiated tumors. High-grade tumors include poorly differentiated tumors. b P16 was considered positive by immunohistochemistry when it showed at least moderately strong nuclear and cytoplasmic staining in ≥75% of tumor cells. Abbreviations: ADC: adenocarcinoma, SqCC: squamous cell carcinoma.
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