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Abstract

Purpose: To analyze the relationship between the prognosis of patients with
larynx squamous cell carcinoma (LSCC) and human papillomavirus (HPV)
infection, p16 and p53 protein expression.

Methods: All patients were treated at the department of radiation oncology,
Anhui provincial hospital,between May 2005 and May 2012. The 41 consecutive
patients with LSCC were treated surgically and received postoperative
radiotherapy. Analyses of pathology specimen were surgically removed and
performed on formalin-fixed, paraffin-embedded tissue samples. HPV DNA
sequences in tumor tissues were screened by a commercial Luminex technique for
HPVs and HPV-specific PCR assays. P16 and p53 protein expression were
detected by immunohistochemical staining.Overall survival(OS)and
progression-free survival(PFS)for HPV-positive and HPV-negative patients,
p16-positive and p16-negative patients, p53-positive and p53-negative patients
were estimated by Kaplan-Meier analysis. Cox regression model was used for
multivariate analysis.

Results: HPV-DNA was detected in 4(9.7%)of all specimens.Among them, 3
were positive for HPV-56,1 for HPV-16. With the follow-up of 3-78 months(a
median of 34 months),patients with HPV-positive tumors had better overall
survival than patients with HPV-positive tumors(75% vs 61%, P>0.05).
Multivariate analysis by Cox regression model showed that nodal status was
independent prognostic factors for patients with LSCC(P<0.05).

Conclusions: HPV status is not an independent prognostic factor. Nodal status
was independent prognostic factors for patients with LSCC.

Keywords: Larynx Squamous Cell Carcinoma(LSCC); Human papillomavirus
(HPV); survival

Background

Laryngeal cancer is one of the most common malignant tumors in head and neck,

accounting for about 1/5 of the malignant tumors in head and neck[1, 2]. About

85% of head and neck tumors are squamous cell carcinoma[3]. Globally, there are

approximately 177,000 new cases and 94,000 deaths of laryngeal cancer each year[2].

It is well known that smoking and drinking alcohol are two major risk factors for

laryngeal cancer[4, 5], and recent studies have found that HPV is also associated

with the occurrence of laryngeal cancer, Since 1982, when Syrjanen et al[6]. were

first found to have HPV infection in laryngeal cancer, People have used different
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detection techniques to detect the expression of HPV in laryngeal cancer, and the

positive rate of HPV detection in laryngeal cancer later varies from 3% to 100%,

showing a large difference. Moreover, the relationship between HPV status and the

prognosis of laryngeal cancer is still controversial. A meta-analysis showed that, the

OS of the HPV-positive group was better than that of the HPV-negative group in

terms of short-term survival. Compared with the HPV-negative group, the HPV-

positive group had a better trend of DFS[7].

Materials and methods

Criteria for inclusion

In this group, laryngeal squamous cell carcinoma patients who visited our hospital

and received surgery combined with radiotherapy from June 2005 to May 2012

were selected. Forty-one patients who met the following conditions were analyzed: 1⃝

Complete clinical and pathological data are available; 2⃝ The pathological specimen

was squamous cell carcinoma with sufficient quality and quantity of tissue specimen

for sectioning analysis. This study is a retrospective study, the specimens were

paraffin-embedded tissue archived by the Department of Pathology, the diagnosis

of squamous cell carcinoma and its differentiation degree was determined according

to the relevant standards of the World Health Organization and was interpreted by

two pathologists with the level of chief physician.

The general situation

The 41 patients, 40 males, 1 female; The age ranged from 38 to 80, with a median

age of 56; 19 cases of high differentiation, 19 cases of moderate differentiation, 3

cases of low differentiation. Tumor in clinical stage according to UICC/AJCC2007

tumor clinical staging criteria, staging I period in 2 cases, II period in 11 cases, III

8 cases, 20 cases IV period.

Treatment

All the patients received surgery and postoperative radiotherapy, with a total DT

50-60Gy. Among them, 3 patients with severe adverse reactions were unable to

tolerate or had economic difficulties, and the dose was 18∼40Gy; 22 patients need-

ed to receive chemotherapy due to their condition, including 2 patients receiving

cisplatin synchronous chemotherapy, 15 patients receiving induced chemotherapy,

4 patients receiving adjuvant chemotherapy, and 1 patient receiving both induced

chemotherapy and adjuvant chemotherapy.

The experimental method

Specimen preparation

The surgical specimens were fixed with 10% formaldehyde solution, embedded in

paraffin, and stored in the pathology department. The tissue specimens were sliced

with ”sandwich” technology. A total of 8 wax rolls were cut. The first and last

rolls were about 0.4 micron thick, and HE staining was performed, Squamous cell

carcinoma was reconfirmed by the pathologist. The six intermediate wax coils, each

about 0.8 micron thick, were divided into 2 parts on average and placed into two

1.5ml spiral tubes respectively for DNA extraction.
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HPV DNA extraction

DNA fragments of HPV were extracted with the fixed tissue genomic DNA extrac-

tion kit (Kang Wei Ji Company). The DNA solution was obtained through dewax-

ing, centrifugation, debenzenization, vortex oscillation and other steps according

to the manufacturer’s instructions, and then stored in a refrigerator at -20◦C, the

extracted DNA was amplified by multiplex PCR, and hybridized with a variety of

coded microspheres coated with nucleic acid probes, and the results were detected

and analyzed by flow matrix.

Detection of HPV nucleic acid

The PCR system consisted of PCR premix 10.0µL, primer mixture 5.0µL, nucleic

acid template (sample) 5.0µL and polymerase 0.8µL. After preparing an appropriate

amount of PCR reaction solution according to the sample size, the PCR reaction

solution was divided into each PCR reaction tube according to 15µL/tube; The

samples were added into the corresponding PCR reaction tubes at the amount of

5µL/tube one by one, and the samples were centrifuged at 2000rpm for 10 seconds

after the lid was closed; Put the PCR reaction tube into the PCR instrument, set

the hot cover function, and conduct the amplification reaction according to the

following conditions: 95◦C for 5 minutes;95◦C 30 seconds, 58◦C 30 seconds, 72◦C

30 seconds, a total of 5 cycles; 95◦C 30 seconds, 55◦C 30 seconds, 72◦C 30 seconds,

a total of 35 cycles;72◦C for 3 minutes. Then the microsphere hybridization liquid

reagent bottle was placed on the scroll apparatus and oscillated for 30 seconds. 3µL

of PCR amplification products were absorbed from each sample, and added into

corresponding hybridization well successively, and then pumped for several times

to mix.Cut the corresponding size of the sealing board and cover the sealing plate

with the microporous hybrid plate. The hybrid plates were placed in a metal bath

at a constant temperature for denaturation at 95◦C for 5 min and hybridization at

48◦C for 30 min. Remove the sealing sheet, add 75µL fluorescein SA-PE to each

well, mix well, glue the sealing sheet again, and incubate at 48◦C for 15 min. The

microporous hybrid plate was quickly transferred to the preheated Luminex flow

analyzer (Shanghai Transview Company) for reading [8].

The whole experimental process was completed in the clean section room. The

operators used disposable protective clothing, wearing hats, masks and gloves. At

the same time, one negative control (blank wax block) and one positive control

(pathological tissue specimens of cervical squamous cell carcinoma untreated in our

hospital in the same number of years) were set for every 10 wax blocks.

Detection of p16 and p53

Tissue specimens first underwent three steps: xylene dewaxing, anhydrous ethanol

debenzenation and hydration. PH6.0 citric acid buffer was used for high pressure

repair for 2min. After cooling, H2O2 is oxidized for 5-6 minutes; PBS washing and

adding primary antibody (>1h), PBS rinse after water; then the secondary antibody

(20min) was added, and the water was flushed with PBS. DAB staining for 10min;

Anhydrous ethanol dehydration, xylene transparent, fixed cover. After the film was

finished, the chief physician of the Department of Pathology read the film, and the

staining results were evaluated by double-blind method. Dyeing strength: colorless,
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0; Light brown yellow, 1 mark; Tan, 2 points; Dark brown, 3 points. Five high-

magnification fields (×400) were selected for each section under the light microscope

to take the average value: no positive cells, 0 score; The number of positive cells

≤10%, 1 point;11%-50%, 2 points;51%-75%, 3 marks; ≥75%, 4 points. The staining

intensity × staining percentage was used to score comprehensively: <3 is negative,

≥3 is positive[9].

Statistical method

Kaplan-Meier survival analysis was performed using SPSS22.0 software, and 3-year

overall survival rate and progression-free survival rate (no local recurrence, regional

lymph node metastasis, and no distant metastasis) were calculated. Log-rank test

was used for univariate analysis, and Cox model was used for multivariate anal-

ysis. Chi-square test was used between counting data, P<0.05 indicates that the

difference is statistically significant.

results

HPV infection rate and its epidemiological characteristics

The overall rate of HPV infection was 9.7% (4/41), including 3 cases of HPV-56

and 1 case of HPV-16.The positive rate of P16 was 7.3% (3/41), including 25%

(1/4) of the HPV positive group and 5.4% (2/37) of the HPV negative group. The

P53 positive rate was 56% (23/41), including 25% (1/4) in the HPV positive group

and 59% (22/37) in the HPV negative group. Figure 2 In terms of gender, there

was a statistically significant difference between HPV-positive and HPV-negative

patients (P =0.002), while there was no statistically significant difference between

HPV-positive and HPV-negative patients in terms of age, history of alcohol use,

smoking history, T grade, N grade, and clinical stage. But our study also showed a

trend that HPV-positive patients smoked less than those who were negative. The

smoking rate was 50 percent in the HPV-positive group and 64.9 percent in the

negative group, respectively.(table 1).

HPV infection status and prognosis

In this study, the follow-up time was from 3 to 78 months.The median follow-up

time was 34 months. During the follow-up period, 1 case of HPV positive group died

of treatment complications, and 1 case was lost to follow-up. In the HPV-negative

group, 9 cases died, including 1 case of uncontrolled local lesions, 5 cases of local

recurrence or lymph node metastasis, 1 case of combined with second tumor, and

2 cases of other causes. The 3-year overall survival rate of HPV-positive patients

was better than that of negative patients, but the difference was not statistically

significant (75% vs 61%, P>0.05), Figure 1, the 3-year progression-free survival of

HPV-positive patients was advantageous, but the difference was not statistically

significant (75% vs 58.7%, P>0.05), Figure 2.

P16, P53 expression and prognosis

The expression of P16 and p53 was associated with tumor proteins produced by

HPVE7 and E6 genes, respectively. Kaplan-Meier analysis showed that neither of

them were independent influencing factors for the prognosis of patients with laryn-

geal cancer, although the 3-year survival rate of P16-positive patients (66.7% vs
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62.2%, P>0.05) and 3-year progression-free survival (88.9% vs 76.9%, P>0.05) was

better than P16 negative patients, as shown in Figure 3 and 4.

Univariate analysis showed that N status and age had influence on overall survival

rate, while gender, smoking history, pathological differentiation, stage and other

clinical factors had no influence on overall survival rate and progression-free survival

rate. Cox model analysis of the above related factors showed that N status had a

significant impact on overall survival, but no significant impact on progression-free

survival (Table 2).

Representative case of HPV-positive LSCC

A 71-year-old man, with no smoking history alcohol drinkin, presented to a referral

hospital with a 6-month history of hoarseness. The transglottic lesion was confirmed

as moderately-high differentiated squamous cell carcinoma on pathologic examina-

tion (Fig. 5a). The patient underwent surgical treatment. Pathological examination

of the resected specimen revealed pT3N0M0, the surgical margins were negative.

Examination of the lymph nodes revealed no lymph node metastasis. Radiotherapy

after surgery was carried out with 60Gy irradiation to the entire neck. As of 4 years

since the above treatment, the patient is alive without local recurrence or distant

metastasis. PCR for HPV DNA revealed the presence of HPV-56 infection.P16 and

P53 expression were observed in primary lesion (Fig. 5b, 5c).

Conclusions

Smoking and drinking alcohol are major risk factors for head and neck cancers,

which are linked to about 80 percent of patients.Studies have shown that HPV-

positive patients with no smoking history have a better prognosis than patients

with smoking history[10]. Etiological studies have confirmed the close correlation

between smoking and the occurrence of laryngeal cancer, that is, compared with

non-smokers, the incidence of laryngeal cancer and the incidence of the second

tumor are significantly increased in smokers, and the survival time after treatment

is shortened. Our study showed that smoking was not a major factor affecting the

prognosis of patients with laryngeal cancer, but it also showed a trend: smoking

rates were lower in the HPV-positive group, and all HPV-positive patients who had

never smoked survived. This may be related to the limited sample size of this study.

Currently, it appears that HPV-positive tumor cells are more sensitive to radiation

and chemotherapy than HPV-negative tumor cells. Recent research supports this

idea from a genetic perspective. HPV-positive tumors have different biological char-

acteristics compared with HPV-negative tumors, including poorer differentiation,

less keratinization, and different gene expression and chromosomal variation[11, 12].

Chromosomal aberration rates in HPV-positive tumors were significantly lower than

those in HPV-negative tumors (P = 0.03), and the same was true for chromosome

doubling (P = 0.039)[11]. Another study showed that a group of 40 inducible genes

and a group of 19 genes were expressed only in HPV-positive tumor cells and not

in either HPV-negative tumor cells or normal tissue cells. The functions of these

genes mainly include mitosis, DNA repair and transcription[12].

In recent years, with the in-depth study of a large number of HPV and head and

neck squamous cell carcinoma, the relationship between HPV and head and neck
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squamous cell carcinoma has become increasingly clear, and a number of studies

have shown that HPV is an independent risk factor affecting the prognosis of pa-

tients with head and neck squamous cell carcinoma[13, 14, 15, 16]. Therefore, HPV

infection is a relatively clear prognostic index of head and neck squamous cell car-

cinoma.However, a number of studies have shown that HPV is not an independent

prognostic factor in patients with laryngeal cancer, and the relationship between H-

PV and laryngeal cancer is still controversial[17, 18, 19]. In this study, HPV-positive

patients had an advantage over HPV-negative patients in terms of survival rate be-

tween the two groups, but the difference was not statistically significant (P>0.05).

In this study, we also analyzed the relationship between the expression of P16 and

P53 and the prognosis of patients with laryngeal cancer. Although P16-positive pa-

tients had better 3-year overall survival compared with P16-negative tumors (66.7%

vs 62.2%, P>0.05) and 3-year progression-free survival (88.9% vs 76.9%, P>0.05),

the difference between the two was not statistically significant. Neither P16 nor

p53 expression was an independent risk factor affecting the prognosis of laryngeal

cancer. This is consistent with previous studies[20, 21].

The correlation between HPV infection, p16 protein expression and p53 protein

expression and prognosis of laryngeal cancer is one of the hot topics in global re-

search. This study preliminarily suggested that the HPV infection status of laryn-

geal cancer has no significant prognostic significance, and the expression of p16 and

p53 is also the same. However, the sample size of this group is limited, and there may

be bias due to the large difference in the sample size between positive and negative

expression. Therefore, multi-center, multi-region and large-sample in-depth study

and cooperative study are still needed for the HPV infection status of laryngeal

cancer patients.
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Figures

Figure 1 Kaplan-Meier curve of cumulative survival (CS) in Larynx Squamous Cell Carcinoma
(LSCC) Kaplan-Meier curve of CS in HPV-positive and HPV-negative.

Tables
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Figure 2 Kaplan-Meier curve of Progression-free survival (PFS) in Larynx Squamous Cell
Carcinoma (LSCC) Kaplan-Meier curve of PFS in HPV-positive and HPV-negative.

Figure 3 Kaplan-Meier curve of cumulative survival (CS) in Larynx Squamous Cell Carcinoma
(LSCC) Kaplan-Meier curve of CS in P16-positive and P16-negative.

Figure 4 Kaplan-Meier curve of Progression-free survival (PFS) in Larynx Squamous Cell
Carcinoma (LSCC) Kaplan-Meier curve of PFS in P16-positive and P16-negative.

Figure 5 Representative case data. a HE dyeing of cancer cells(×400). b P16 dyeing of cancer
cells(×400). c P53 dyeing of cancer cells(×400).

Table 1 Comparison of general data of HPV positive and negative patients

Clinical factors HPV-positive HPV-negative P values

gender male 3 37 0.002

female 1 0

age(year) <60 1 22 0.303

≥60 3 15

smoke no 2 13 0.615

yes 2 24

drink no 2 24 0.278

yes 2 13

T-staging T1-2 2 15 1.000

T3-4 2 22

N-state N0 4 30 0.586

N+ 0 7

UICC staging system I-II 2 12 0.579

III-IV 2 26

pathological grading poorly differentiated 0 3 0.098

moderately differentiated 3 18

high differentiated 1 16

p16 expression negative 3 35 0.271

positive 1 2

p53 expression negative 3 15 0.303

positive 1 22

Table 2 Multivariate Cox regression analysis of prognosis of patients with laryngeal cancer

regression coefficient Standard error Wald χ
2 value p value Odds ratio

95.0% CI of Odds ratio

Bottom upside

N staging 1.611 0.677 5.672 0.017 5.009 1.330 18.863



Figures

Figure 1

Kaplan-Meier curve of cumulative survival (CS) in Larynx Squamous Cell Carcinoma (LSCC) Kaplan-Meier
curve of CS in HPV-positive and HPV-negative.



Figure 2

Kaplan-Meier curve of Progression-free survival (PFS) in Larynx Squamous Cell Carcinoma (LSCC)
Kaplan-Meier curve of PFS in HPV-positive and HPV-negative.



Figure 3

Kaplan-Meier curve of cumulative survival (CS) in Larynx Squamous Cell Carcinoma (LSCC) Kaplan-Meier
curve of CS in P16-positive and P16-negative.



Figure 4

Kaplan-Meier curve of Progression-free survival (PFS) in Larynx Squamous Cell Carcinoma (LSCC)
Kaplan-Meier curve of PFS in P16-positive and P16-negative.



Figure 5

Representative case data. a HE dyeing of cancer cells(×400). b P16 dyeing of cancer cells(×400). c P53
dyeing of cancer cells(×400).


