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Abstract

Objective: To evaluate the association of human papilloma virus (HPV) infection
with prognosis, specifically overall survival (OS) and disease-free survival (DES), in
laryngeal squamous cell carcinoma (LSCC) patients.

Method: A systematic review and meta-analysis were performed according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines. LSCC was confirmed on the basis of histopathology, whereas HPV status
was confirmed by polymerase chain reaction.

Results: A total of 6539 articles were initially searched from 8 databases, of which
11 studies were eligible for our review. A total of 1442 LSCC cases were included
in this analysis. Eight studies examined 3-year OS for LSCC. The pooled hazard
ratio (HR) from the 8 studies was 0.29 (95% CI: 0.25-0.33). There was a statistically
significant difference in 3-year OS between the HPV-negative and -positive groups,
with the latter having a better survival. There was no statistically significant differ-
ences in 5- and 10-year OS. Five studies examined 3- and 5-year DFS for LSCC,
whereas only 3 studies examined 10-year DFS. There was no statistically significant
difference in 3-, 5-, and 10-year DFS between the HPV groups.

Conclusion: This study evaluated the survival impact of HPV infection in LSCC
patients. 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, suggesting that a larger sample size
and further exploration of the pathology and local control of HPV-positive tumors

are needed.
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1 | INTRODUCTION

Laryngeal squamous cell carcinoma (LSCC) represents one
of the most common head and neck malignancies, accounting
for approximately 20% of all cases, with up to 40% of patients
presenting with advanced disease at the time of diagnosis.
More than 150 000 new patients have been diagnosed world-
wide and 90 000 die each year.l.In recent years, the incidence
of LSCC has increased.

Like other head and neck cancers (HNC), LSCC has
been clearly linked to smoking and alcohol consumption.
The risk factors of LSCC are changing, as the prevalence
of tobacco-induced cancers has decreased and the preva-
lence of cancers not associated with tobacco has increased.
Human papillomavirus (HPV) infection is a cause of squa-
mous cancers of the oropharynx (particularly cancers of
the tonsils and tongue base),”* and emerging evidence
showed that HPV infection may also be associated with an
increased risk of LSCC.? The infection rate of HPV has
been established to range between 3% and 85% of laryn-
geal cancer.®” HPV types 16, 18, and 31 are the majority
risk factors, and patients with HPV-associated HNC tend to
be of young age.“’8 Currently, oropharyngeal cancers have
been divided into two distinct diseases on the basis of HPV
presence or absence, but there is no detailed stratification
of HPV infection in LSCC. Although LSCC was increas-
ingly reported to be associated with HPV infection,”” the
role of HPV in this type of cancer has not been conclu-
sively established.”

All 120 HPV genotypes had been detected in squamous
carcinoma, and they were classified into low- and high-risk
groups according their oncogenesis potential. "'Some clinical
trials reported that patients with HPV-positive oropharynx
cancers showed better survival than those with HPV-negative
oropharynx cancers.'>'> However, the association of better
prognosis with HPV positivity is controversial.'®!” Currently,
there is no agreement on whether HPV infection is a prognos-
tic factor for survival associated with LSCC, as some articles
have reported that HPV infection has no prognostic signif-

1820 \whereas others considered HPV infection as a

icance,
positive prognostic factors for LSCC.*'** Thus, it is essential
to further understand the role of HPV in LSCC.

The test of HPV infection is based almost exclusively on
molecular methods. Few HPV testing options are currently
available in the clinical setting: the two most commonly used
detection methods are immunohistochemical analysis (IHC)
of the p16 protein and polymerase chain reaction (PCR). The
sensitivity of both assays is high, but the specificity of in
situ hybridization (ISH) is higher than that of both assays.25
Different test methods may result in inconsistent results,
which may obfuscate the correlation between HPV status
and prognosis in LSCC. The objective of this meta-analysis
is to better understand the association of HPV infection with
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prognosis in LSCC patients, specifically in terms of overall
survival (OS) and disease-free survival (DFS).

2 | METHODS

2.1 | Search strategy and selection criteria
This meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.26 For the identification of trials to be
used in this meta-analysis, we planned detailed search strate-
gies for each database. We systematically searched for pub-
lications appearing in Pubmed Medline; Embase; Cochrane
library; Web of Science; and 4 Chinese databases, that is,
SinoMED, the China National Knowledge Infrastructure,
WANFANG DATA, and CQVIP. We searched all of the lit-
erature up to November 12, 2018 for the combined medical
subject headings (MeSH) “Papillomaviridae” and “Laryngeal
Neoplasms”. The terms searched for included MeSH terms
and their entry terms. The relationship between synonyms is
“or”, whereas the relationship between HPV and LSCC is
“and”. The search had no language restrictions. Furthermore,
we selected a group with HPV infection as the exposed group,
compared with the no HPV infection group.

The inclusion and exclusion criteria were set by a
three-person panel. Two researchers independently compiled
the criteria for trial selection, and all disagreements were
resolved by a group discussion. Titles and abstracts were
screened according to the criteria. After the screening, 11 tri-
als qualified for the meta—analysis.18’19’21'23’27'32 The specific
inclusion and exclusion criteria are as follows:

Trial inclusion criteria:

1. Data based on frozen tissue or formalin-fixed tissue

2. HPV detection by PCR, ISH, or the Linear Array HPV
Genotyping Test

3. The total number of cases is greater than 50

4. The number of cases in the exposed group was greater
than 10

5. Population: patients with laryngeal cancer only

6. Primary outcomes: OS or DFS.

Trial exclusion criteria:

. Case reports

. Reviews, meta-analyses, guidelines, and summaries

. HPV detection by THC

. HPV is not the prognostic factor but risk factor

. Without full-text

. Other uncorrelated studies, such as trial for the detection
method, for treatment method, base researches, or animal
experiments.

AN B W
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2.2 |

Data collection and quality assessment

A standard data extraction protocol was prepared by 2 per-
sons. Each article was collected independently, and all rele-
vant data were in duplicates. All disagreements were resolved
through a group discussion until a consensus was reached.

Data collection from each trial included: the title, first au-
thors, journal and year of publication, number of cases, patients
inclusion criteria and age range, follow-up period, HPV de-
tection method, survival outcome (3-, 5- and 10-year survival
rate, 3-, 5- and 10-year DFS), hazard ratio (HR) with a 95% CI,
In(HR), and SE(In(HR)). In studies, LSCC survival was pre-
sented as Kaplan Meier curves. We used Adobe Photoshop to
process the survival curve pictures, and Engauge Digitizer 4.1
software to extract the survival data, such as HR. When the dif-
ference between the extracted survival data and the value in the
paper was more than 2%, data were extracted a second time.

The quality of enrolled trials was independently assessed
by 2 authors using the Newcastle-Ottawa Scale (NOS) for co-
hort studies. The total score ranges from O to 9, and scoring
discrepancies were resolved by discussion in the presence of
a third author as a mediator. The trials scoring at least 6 were
considered high-quality studies. The characteristics of the in-
cluded studies are shown in Table 1.

2.3 | Statistical analysis

We used R 3.5.3 software to analyze data from the selected
studies. HR with a 95% CI was calculated to measure the
survival outcome in the exposed group compared with the
control group. The heterogeneity between studies was quali-
tatively and quantitatively examined using the chi-squared Q
test and the I* metric respectively. If the Q test P-value was
<.05 or the I* was <50%, suggesting heterogeneity, we calcu-
lated the HR using a random-effects model. If no significant
heterogeneity was detected, we applied a fixed-effects model.
All statistical tests were 2-sided, and P < .05 suggested statis-
tical significance. A HR >1 suggested that HPV increased the
risk of poor survival, a HR <1 suggested that HPV infection
was a beneficial prognostic factor, and HR = 1 suggested no
significant difference in survival. Potential publication bias
was assessed by a funnel plot and Egger's test, and P-values
higher than .05 presented there was no publication bias.

3 | RESULTS

3.1 | Enrolled studies

A total of 6539 potentially relevant articles were initially
searched form 8 databases, of 3540 articles remained after au-
tomatically and manually deduplication. By screening the titles

and abstracts, 3336 articles were excluded on the basis of the
established criteria. Of the 204 articles remaining, 3 full arti-
cles could not be obtained. Furthermore, by carefully browsing
201 full-text, 10 articles were excluded because of the detection
method: in those papers, the detection method of HPV was IHC
staining, whose sensitivity is lower than that of PCR. Six other
articles were excluded because of the low number of cases,
whereas 8 papers were excluded because of the lack of specific
outcome indicators. At the end of the screening process, we se-
lected 11 studies for the meta-analysis (Figure 1).

The characteristics of the 11 enrolled studies are summa-
rized in Table 1. All studies were published between 2011
and 2018. Six studies were conducted in China, 2 studies in
the US, 1 study in Spain, 1 study in Belgium, and 1 study
in Turkey. All of the selected studies used frozen tissue and
formalin-fixed tissue of LSCC. The detection method is PCR,
ISH, or the Linear Array HPV Genotyping Test, and all stud-
ies reported at least one survival outcome. A total of 1442
LSCC cases were included in this meta-analysis.

3.2 | Overall survival

Eight studies examined 3-year OS for LSCC. The pooled HR
from the 8 studies was 0.29 (95% CI: 0.25-0.33), obtained
using the fixed effect model because of the low heterogeneity
(Figure 2A). There was a statistically significant difference
in 3-year OS between the HPV-negative and positive groups,
with HPV infection being beneficial for survival in LSCC
patients. However, in the second study,* the upper limit of
the 95% CI was too high. Thus, after a group discussion we
decided to exclude it in order to reduce bias. After excluding
the second study, the pooled HR was still 0.29 (95% CI: 0.25-
0.33; P heterogeneity = 0.11, I =42%) (Figure 2B). In addi-
tion, HPV infection had a statistically significant advantage
in terms of 3-year OS in LSCC patients.

Eight studies examined 5-year OS for LSCC, and no sta-
tistically significant heterogeneity (P = 0%, Q-test P = 1.00)
was found. The pooled HR was 1.33 (95% CI: 0.60-3.0), ac-
cording to the fixed effect model (Figure 3A). There was no
statistically significant difference in 5-year OS between the
HPV-negative and -positive groups after the exclusion of the
second study,30 as the pooled HR was still 1.33 (95% CI:
0.60-3.0; P heterogeneity = 0.99, I =0%) (Figure 3B).

Four studies examined 10-year OS in relation to LSCC,
and no statistically significant heterogeneity (P = 0%, Q-test
P = .98) was found. The pooled HR was 1.54 (95% CI: 0.57-
4.2), using the fixed effect model (Figure 4). There was no
statistically significant difference in 10-year OS between the
HPV-negative and -positive groups.

Overall, the polled results showed that HPV infection was
a favorable prognosis for 3-year OS, while there was no sta-
tistically significant difference for 5- and 10-year OS.
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TABLE 1 Characteristics of included studies

Study Year Country Outcome Sample size cases Genotyping method Quality score

Wang et al*? 2016 China 3,5-0S 25 38 PCR 6

Wang et al*° 2014 China 3,5,10-0S 28 135 PCR 7
3,5,10-DFS

Duray et al'® 2011 Belgium 3,5,10-DFS 44 15 PCR 6

Hernandez et al"’ 2014 UsS 3,5-0S 26 100 Linear Array Test 6

Barrueco et al*’ 2017 Spain 3,5,10-0S 28 95 PCR 7

Chen et al’*! 2017 China 3,5-0S 14 92 PCR, ISH 7

Stephen et al* 2012 Us 3,5,10-0S 21 56 PCR 8

Wang et al”> 2015 China 3,5,10-0S 32 276 PCR 7
3,5,10-DFS

Yang et al’! 2016 China 5-0S 33 163 PCR 6
5,10-DFS

Erkul et al®® 2017 Tuekey 3,5-DFS 19 54 PCR 7

Tong et al*? 2018 China 3-0S 132 79 PCR, ISH 8

Abbreviations: DFS, disease-free survival; ISH, in situ hybridization; OS, overall survival; PCR, polymerase chain reaction.

Records identified from PubMed
5 (n =1126), EMBASE (n = 1696),
= web of science (n = 1749),
& Cochrane library(n = §8) and
§ CBM (n = 241),cnki (n = 753),
= Cqvip (n =269), WANFANG
DATA (n= 647)

n = 6539
g
s >| 2999 duplicates removed
= v
& Records after duplicates

removed

n= 3540
Case reports n = 223

2 _ | Reviews n= 501
% " | Uncorrelated n = 2360
i) A/ Study a variety of cancer n = 252
= Full-text articles assessed for

eligibility

n=204 Detection method is IHC n= 10
HPV as a risk factor n= 166

= _ | Without full-text n=3
§ : Exposed group cases are less than 10 n=$§
B \ 4 All cases are less than S0 n=1
= Studies included in quantitative There is no outcome indicator n=8

synthesis

n=11

FIGURE 1 Preferred reporting items for systematic reviews and meta-analyses flow diagram for this study
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The DFS is used to assess the treatment of local tumor. Five
studies examined 3- and 5-year DFS for LSCC, while only 3
studies examined 10-year DFS. For the 3-year DES, the pooled
HR was 0.78 (95% CI: 0.36-1.7; P heterogeneity = 0.97,
P = 0%) (Figure 5A), with no statistical difference between
the HPV-positive and-negative groups. However, in the last
study,28 the upper limit of the 95% CI was too high. Thus, after
a group discussion we decided to exclude it in order to reduce
bias. The statistical results remained similar (Figure 5B).

For the 5-year DFS, the pooled HR was 0.77 (95% CIL:
0.37-1.6; P heterogeneity = 0.96, P= 0%), using the fixed ef-
fect model (Figure 6A). There was no statistical significance
between the HPV-positive and -negative groups. Furthermore,
in the last study the upper limit of 95% CI was too large, al-
though the statistical results remained similar after its exclu-
sion (Figure 6B). For the 10-year DFS, the pooled HR was
0.69 (95% CI: 0.32-1.5; P heterogeneity = 0.98, P = 0%).

There was no statistical significance between the HPV-
positive and -negative groups (Figure 7).

Overall, all calculated HRs were less than 1, but we ob-
served no statistically significant difference in 5- and 10-year
DFS between the HPV-negative and -positive groups.

Through the evaluation of publication bias by funnel plot
and Egger's test, we found that the study may have publica-
tion bias. The funnel plot and Egger's test results are in the
attachment.

4 | DISCUSSION

The status of HPV infection and its impact on treatment and
survival outcomes in HNC is an important research focus.
As in oropharynx cancer, the infection of HPV have been
reported to be a potential risk factors also for laryngeal
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FIGURE 2 Forest plot comparing HPV-positive to HPV-negative LSCCs of 3-OS. A, Including all study. B, After excluding the second

study. HPV, human papilloma virus; LSCC, laryngeal squamous cell carcinoma; OS, overall survival
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FIGURE 3 Forest plot comparing HPV-positive to HPV-negative LSCCs of 5-OS. A, Including all study. B, After excluding the second
study. HPV, human papilloma virus; LSCC, laryngeal squamous cell carcinoma; OS, overall survival

cancer.” Several studies reported that HPV infections range
from 3% to 85% in LSCC.*”*3 The large variation of HPV
prevalence could be due to changes in the geographical de-
mographics and in the detection methods. Since HPV was
discovered and reported 30 years ago, many methods for
detecting HPV have been available, but each method has its
own limitations. According to the central rule, the molecular
detection indicators change in the different stages of HPV
infection. Thus, the efficacy of HPV detection methods
changes accordingly. At the DNA level, L1 and L2 frag-
ments of HPV can be detected by ISH and PCR.**** HPV
16, 18, and 33 can be genotyped using these two meth-
ods.””*® After the HPV viral DNA is incorporated into the
host DNA, it is transcribed to produce mRNA. At the RNA
level, E6 and E7 mRNAs are the main detection indicator.
E6 and E7 are viral oncoproteins playing a critical role in
cell transformation and malignant phenotype maintenance.

The E6 protein binds to the p53 tumor suppressor gene prod-
uct, whereas E7 binds to pRb, which is the phosphorylated
retinoblastoma tumor suppressor protein.39 At the protein
level, pl6 is the main detection indicator and is usually
detected by IHC.* The sensitivity, specificity, and robust-
ness of PCR are higher than those of IHC.*' Due to the low
sensitivity and specificity of IHC, and some studies have
indicated that p16 cannot be used as an effective indicator of
HPYV infection in LSCC patients.zz’42 So, the study excluded
IHC as a method to detect HPV in the meta-analysis. HPV
includes more than 120 types, but the current correlation be-
tween different types and tumors is not clear, so no further
analysis of HPV types was conducted in this paper. They
were divided into two groups based only on whether they
had HPV infection.

Currently, there are many studies investigating the re-
lationship between different survival indicators and HPV
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FIGURE 4 Forest plot comparing HPV-positive to HPV-negative LSCCs of 10-OS. HPV, human papilloma virus; LSCC, laryngeal

squamous cell carcinoma; OS, overall survival

Study TE seTE Hazard Ratio HR 95%-Cl Weight
5 -0.48 0.66 =y 062 [017; 23] 353%
7 -0.07 0.89 — 093 [0.16; 53] 19.4%
15 -0.36 067 L 3 070 [0.19; 26] 347%
17 049 124 'I'J 163 [0.14; 185 10.0%
18 074 532 i 2.09 [0.00;70401.71 0.5%
Fixed effect model : 0.78 [0.36; 1.7] 100.0%
Heterogeneity: = 0%, = 0,P=097 ! SN '
0.001 011 10 1000
(A)
Study TE seTE Hazard Ratio HR  95%-Cl Weight
5 048 066 —— 062 [0.17: 23] 355%
7 -0.07 0.89 : 0.93 [0.16; 53] 19.5%
19 -0.36 067 — 0.70 [0.19; 26] 34.9%
17 049 124 E + 163 [0.14;18.5] 10.1%
Fixed effect model s 0.77 [0.36; 1.7] 100.0%
Heterogeneity: 12=0%, 12=0,P:.91 ' i1 '
0.1 061 2 10
(B)

FIGURE 5 Forest plot comparing HPV-positive to HPV-negative LSCCs of 3-DFS. A, Including all study. B, After excluding the last study.

DEFS, disease-free survival; HPV, human papilloma virus; LSCC, laryngeal squamous cell carcinoma
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FIGURE 6 Forest plot comparing HPV-positive to HPV-negative LSCCs of 5-DFS. A, Including all study. B, After excluding the last study.
DFS, disease-free survival; HPV, human papilloma virus; LSCC, laryngeal squamous cell carcinoma

infection. In those studies, the most frequently used survival
indicators are OS and DFS. OS is measured as the time from
the beginning of randomization to death from any cause. OS
is considered the best endpoint to measure efficacy in clinical
trials on tumors and is the preferred survival indicator. Some
papers demonstrated that the OS of the HPV-positive group
was better than that of the HPV-negative group in laryngeal
cancer patients. However, other studies reported that the dif-
ference was not statistically significant.18 Reliable results can
be obtained by performing high-quality analysis on a high
number of cases. To avoid the limitation of a small number
of patients in a single original study, we combined similar
studies in a meta-analysis to increase the number of cases.
In this meta-analysis, a total of 1442 LSCC cases were in-
cluded. The HR of 3-year OS was 0.29 (95% CI: 0.25-0.33),
and the difference was statistically significant, suggesting
that HPV infection is a good prognostic factor. The HR of

5-and 10-year OS was 1.33 (95% CI: 0.6-3.0) and 1.54 (95%
CI: 0.57-4.2) respectively. We observed no significant dif-
ferences between HPV-negative and -positive groups. From
the perspective of systematic error analysis, there are several
reasons explaining why the HR differences in 5- and 10-year
OS are not significant: (a) the number of original studies is
small and the sample size included is insufficient; (b) at the
later stage of following-up, the rate of lost to follow-up is
relatively high, introducing a relatively large bias; (c) The 5-
and 10-year OS rate is conspicuously lower than the 3-year
OS, so the number of patients who survived was significantly
reduced in 5 and 10 years, resulting in a larger bias for each
individual case.

Furthermore, according to the latest NCCN guidelines,
surgery or radical radiotherapy is preferred for patients
with early laryngeal cancer. In this study, the 3-year OS
of the HPV-positive group was significantly higher than
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FIGURE 7 Forest plot comparing HPV-positive to HPV-negative LSCCs of 10-DFS. DFS, disease-free survival; HPV, human papilloma

virus; LSCC, laryngeal squamous cell carcinoma

the HPV-negative group, suggesting that HPV infection is
beneficial in the short-term. This difference could be asso-
ciated with the surgery techniques and methods and could
be explained by the observation that HPV-positive tumor
patients have higher sensitivity to radiation therapy.43'46
However, the relationship between HPV infection and radia-
tion sensitivity needs to be further verified through improved
in vitro experiments or meta-analysis of treatment stratifi-
cation with a larger sample size. In this study, the 5- and
10-year OS between HPV-positive and -negative groups
was not statistically significant. Recurrence and metastasis
of LSCC patients is most likely to occur in 3-5 years after
initial treatment. Radiotherapy and/or chemotherapy are the
main treatment methods for recurrence and metastasis pa-
tients. HPV-positive cancer cells have been reported to have
an inherent resistance to chemotherapy.47‘48 So, the lack of
difference in survival for LSCC patients could be explained
by the use of chemotherapy and the inherent resistance of
HPV-positive tumor cells to chemotherapy agents.

DFS is measured as the length of time after treatment
during which no disease is found. In some studies, it was
reported that HPV infection status is an independent prog-
nostic indicator of DFS and HPV-positive patients have
better prognosis.23’3 ' However, some studies reported
that, although the DFS rate of HPV-positive patients was
slightly higher than that of the HPV-negative group, the
difference was not statistically significant.””*® In an effort
to shed light on this discrepancy, 5 original studies were
combined in the meta-analysis, including a total of 809
patients. The HR of 3-, 5-, and 10-year DFS after merg-
ing was 0.77 (95% CI: 0.36-1.7), 0.76 (95% CI: 0.36-1.6),
and 0.69 (95% CI 0.32-1.5) respectively. All three values
showed that the HPV-positive group had a better DFS

trend, but the differences were not statistically significant.
However, this does not rule out the possibility that there
are biological differences, suggesting that HPV infection
may lead to a better local control and a lesser likelihood
of relapse and metastasis, although the number of origi-
nal studies and cases included in this review is too small
to produce meaningful statistical results. In addition, there
may be publication bias in this study, so further studies are
needed to verify our results Previous studies have shown
that the degree of tumor differentiation and pathological
staging in oropharyngeal cancer is partly related to the
infection of HPV,*** with HPV-positive tumors having a
less aggressive tumor behavior. Therefore, it is necessary
to conduct further multicenter studies on tumor pathologi-
cal typing and local control rate in LSCC.

In recent years, an increasing amount of studies reported
the relationship between HPV infection and the prognosis of
patients with laryngeal cancer, but a consensus has not been
reached yet. In this meta-analysis, patients with HPV infec-
tion of LSCC have a better 3-year OS, but we observed no
significant differences in the long-term survival rate. This
result may be related to differences in the treatment plan,
suggesting that future clinical research will need to evalu-
ate different treatment outcomes. Compared with the HPV-
negative group, the HPV-positive group had a better DFS,
but there was no significant difference between the groups,
suggesting that studies with a larger sample size and further
studies on the pathology and local control of HPV-positive
tumors are needed.

ACKNOWLEDGMENTS
We thank Editage (www.editage.cn) for English language
editing.


http://www.editage.cn

WANG ET AL.

.. 213
Cancer Medicine _ —WI LEYJ—

CONFLICTS OF INTEREST
None declared.

AUTHORS' CONTRIBUTIONS

Conceptualization, X. J. and LH. D.; Software, B. W.;
Validation, X. J. and LH. D.; Formal Analysis, B. W.;
Investigation, HH. W.; Resources, HH. W.; Data Curation,
Y. X.; Writing-Original Draft Preparation, HH. W.; Writing-
Review & Editing, LB. M., Y. X., and X. J.; Funding
Acquisition, X. J.. All authors read and approved the
manuscript.

ORCID

Huanhuan Wang "= https://orcid.org/0000-0001-6935-0760

Jinlong Wei "= https://orcid.org/0000-0002-9531-1383

Bin Wang "= https://orcid.org/0000-0001-9097-4578

Lingbin Meng "= https://orcid.org/0000-0002-3782-6741

https://orcid.org/0000-0001-7591-9423

https://orcid.org/0000-0001-7168-4006

https://orcid.org/0000-0002-4613-7438

Ying Xin
Lihua Dong
Xin Jiang

REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer
J Clin. 2019;69:7-34.

2. Agalliu I, Gapstur S, Chen Z, et al. Associations of oral alpha-,
beta-, and gamma-human papillomavirus types with risk of inci-
dent head and neck cancer. JAMA Oncol. 2016;2:599-606.

3. D'Souza G, Kreimer AR, Viscidi R, et al. Case-control study of
human papillomavirus and oropharyngeal cancer. N Engl J Med.
2007;356:1944-1956.

4. Snow AN, Laudadio J. Human papillomavirus detection in
head and neck squamous cell carcinomas. Adv Anat Pathol.
2010;17:394-403.

5. Chen X, Gao L, Sturgis EM, et al. HPV16 DNA and integra-
tion in normal and malignant epithelium: implications for the
etiology of laryngeal squamous cell carcinoma. Ann Oncol.
2017;28:1105-1110.

6. Almadori G, Cadoni G, Cattani P, et al. Detection of human pap-
illomavirus DNA in laryngeal squamous cell carcinoma by poly-
merase chain reaction. Eur J Cancer. 1996;32A:783-788.

7. Lindeberg H, Krogdahl A. Laryngeal cancer and human papillo-
mavirus: HPV is absent in the majority of laryngeal carcinomas.
Cancer Lett. 1999;146:9-13.

8. D'Souza G, Zhang HH, D'Souza WD, Meyer RR, Gillison ML.
Moderate predictive value of demographic and behavioral charac-
teristics for a diagnosis of HPV16-positive and HPV 16-negative
head and neck cancer. Oral Oncol. 2010;46:100-104.

9. Aaltonen LM, Rihkanen H, Vaheri A. Human papillomavirus in
larynx. Laryngoscope. 2002;112:700-707.

10. Syrjanen S. Human papillomavirus (HPV) in head and neck cancer.
J Clin Virol. 2005;32(Suppl 1):S59-S66.

11. TARC Working Group on the Evaluation of Carcinogenic Risks to
Humans. Human papillomaviruses. JARC Monogr Eval Carcinog
Risks Hum. 2007;90:1-636.

12. Ang KK, Harris J, Wheeler R, et al. Human papillomavirus and
survival of patients with oropharyngeal cancer. N Engl J Med.
2010;363:24-35.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Fakhry C, Zhang Q, Nguyen-Tan PF, et al. Human papillomavirus
and overall survival after progression of oropharyngeal squamous
cell carcinoma. J Clin Oncol. 2014;32:3365-3373.

Fakhry C, Zhang Q, Nguyen-Tan PF, et al. Development and val-
idation of nomograms predictive of overall and progression-free
survival in patients with oropharyngeal cancer. J Clin Oncol.
2017;35:4057-4065.

Rischin D, Young RJ, Fisher R, et al. Prognostic significance of
p16INK4A and human papillomavirus in patients with oropharyn-
geal cancer treated on TROG 02.02 phase III trial. J Clin Oncol.
2010;28:4142-4148.

Chung CH, Zhang Q, Kong CS, et al. p16 protein expression and
human papillomavirus status as prognostic biomarkers of nonoro-
pharyngeal head and neck squamous cell carcinoma. J Clin Oncol.
2014;32:3930-3938.

Fakhry C, Westra WH, Wang SJ, et al. The prognostic role of sex, race,
and human papillomavirus in oropharyngeal and nonoropharyngeal
head and neck squamous cell cancer. Cancer. 2017;123:1566-1575.

. Duray A, Descamps G, Arafa M, et al. High incidence of high-risk

HPV in benign and malignant lesions of the larynx. Int J Oncol.
2011;39:51-59.

Hernandez BY, Goodman MT, Lynch CF, et al. Human papilloma-
virus prevalence in invasive laryngeal cancer in the United States.
PLoS ONE. 2014;9:e115931.

Vlachtsis K, Nikolaou A, Markou K, Fountzilas G, Daniilidis I.
Clinical and molecular prognostic factors in operable laryngeal
cancer. Eur Arch Otorhinolaryngol. 2005;262:890-898.

Chen WC, Chuang HC, Lin YT, Huang CC, Chien CY. Clinical
impact of human papillomavirus in laryngeal squamous cell carci-
noma: a retrospective study. PeerJ. 2017;5:¢3395

Tong F, Geng J, Yan B, et al. Prevalence and prognostic signifi-
cance of HPV in laryngeal squamous cell carcinoma in Northeast
China. Cell Physiol Biochem. 2018;49:206-216.

Wang H, Zhang Z, Sun R, et al. HPV infection and anemia status
stratify the survival of early T2 laryngeal squamous cell carcinoma.
J Voice. 2015;29:356-362.

Xu 'Y, Liu S, Yi H, et al. Human papillomavirus infection in 674
Chinese patients with laryngeal squamous cell carcinoma. PLoS
ONE. 2014;9:e115914.

Cantley RL, Gabrielli E, Montebelli F, Cimbaluk D, Gattuso P,
Petruzzelli G. Ancillary studies in determining human papilloma-
virus status of squamous cell carcinoma of the oropharynx: a re-
view. Patholog Res Int. 2011;2011:138469.

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA
statement. Int J Surg. 2010;8:336-341.

Barrueco AS, Gonzalez Galan F, Lora Pablos D, et al. HPV in
larynx squamous cell carcinoma: new serotypes and survival
study within 10-year follow-up. Otolaryngol Head Neck Surg.
2017;156:677-682.

Erkul E, Yilmaz I, Narli G, Babayigit MA, Gungor A, Demirel
D. The presence and prognostic significance of human papil-
lomavirus in squamous cell carcinoma of the larynx. Eur Arch
Otorhinolaryngol. 2017;274:2921-2926.

Stephen JK, Chen KM, Shah V, et al. Human papillomavirus out-
comes in an access-to-care laryngeal cancer cohort. Otolaryngol
Head Neck Surg. 2012;146:730-738.

Wang H, Sun R, Hu W. Human papillomavirus infection and
HRAS, PIK3CA mutations analysis in patients with early laryngeal
carcinoma. Cancer Res Clin. 2014;26:361-365+372.


https://orcid.org/0000-0001-6935-0760
https://orcid.org/0000-0001-6935-0760
https://orcid.org/0000-0002-9531-1383
https://orcid.org/0000-0002-9531-1383
https://orcid.org/0000-0001-9097-4578
https://orcid.org/0000-0001-9097-4578
https://orcid.org/0000-0002-3782-6741
https://orcid.org/0000-0002-3782-6741
https://orcid.org/0000-0001-7591-9423
https://orcid.org/0000-0001-7591-9423
https://orcid.org/0000-0001-7168-4006
https://orcid.org/0000-0001-7168-4006
https://orcid.org/0000-0002-4613-7438
https://orcid.org/0000-0002-4613-7438

214 .
—I—Wl LEY—Cancer Medicine

31.

32.
33.

34.

35.
36.

37.
38.

39.
40.

41.

42.

WANG ET AL.

Yang L, Wang H, Wang Y, et al. Prostate tumor overexpressed-1, in
conjunction with human papillomavirus status, predicts outcome in
early-stage human laryngeal squamous cell carcinoma. Oncotarget.
2016;7:31878-31891.

Wang X, He Q, Huang J, Zhou X. Expression and clinical signifi-
cance of high-risk HPV and ATM in laryngeal cancer. J Pract Med.
2016;18:2974-2978.

Li X, Gao L, Li H, et al. Human papillomavirus infection and la-
ryngeal cancer risk: a systematic review and meta-analysis. J Infect
Dis. 2013;207:479-488.

Boscolo-Rizzo P, da Mosto MC, Fuson R, Frayle-Salamanca H,
Trevisan R, del Mistro A. HPV-16 E6 L83V variant in squamous
cell carcinomas of the upper aerodigestive tract. J Cancer Res Clin
Oncol. 2009;135:559-566.

Hoffmann M, Kahn T, Mahnke CG, Goeroegh T, Lippert BM,
Werner JA. Prevalence of human papillomavirus in squamous cell
carcinoma of the head and neck determined by polymerase chain
reaction and Southern blot hybridization: proposal for optimized
diagnostic requirements. Acta Otolaryngol. 1998;118:138-144.
Mills A, Balasubramaniam R, Longacre TA, Kong CS, Pinsky BA.
Laboratory-developed 11 sequencing and type-specific, real-time
polymerase chain reaction for the detection and typing of human
papillomaviruses in formalin-fixed, paraffin-embedded tissues.
Arch Pathol Lab Med. 2013;137:50-54.

Mant C, Kell B, Best JM, Cason J. Polymerase chain reaction
protocols for the detection of DNA from mucosal human papil-
lomavirus types -6, -11, -16, -18, -31 and -33. J Virol Methods.
1997;66:169-178.

Snijders PJ, van den Brule AJ, Schrijnemakers HF, Snow G, Meijer
CJ, Walboomers JM. The use of general primers in the polymerase
chain reaction permits the detection of a broad spectrum of human
papillomavirus genotypes. J Gen Virol. 1990;71(Pt 1):173-181.
Neufcoeur PE, Arafa M, Delvenne P, Saussez S. Involvement of
human papillomavirus in upper aero-digestive tracts cancers. Bull
Cancer. 2009;96:941-950.

Etxezarraga MC, Fuertes E, Cancho G, et al. Usefulness of pl6
immunostaining in squamous cell carcinomas (SCC) of the larynx
and hypopharynx. Virchows Arch. 2012;461:S146.

Morshed K, Polz-Dacewicz M, Szymariski M, Smolen A.
Usefulness and efficiency of formalin-fixed paraffin-embed-
ded specimens from laryngeal squamous cell carcinoma in HPV
detection by IHC and PCR/DEIA. Folia Histochem Cytobiol.
2010;48:398-402.

Lam EWH, Chan MMH, Wai CKC, et al. The role of human pap-
illomavirus in laryngeal cancer in Southern China. J Med Virol.
2018:90:1150-1159.

43.

44,

45.

46.

47.

48.

49.

50.

Lee JY, Garcia-Murillas I, Cutts RJ, et al. Predicting response to
radical (chemo)radiotherapy with circulating HPV DNA in lo-
cally advanced head and neck squamous carcinoma. Br J Cancer.
2017;117:876-883.

Liu Q, Ma L, Jones T, et al. Subjugation of TGFbeta Signaling by
human papilloma virus in head and neck squamous cell carcinoma
shifts DNA repair from homologous recombination to alternative
end joining. Clin Cancer Res. 2018;24:6001-6014.

Mirghani H, Amen F, Tao Y, Deutsch E, Levy A. Increased radio-
sensitivity of HPV-positive head and neck cancers: molecular basis
and therapeutic perspectives. Cancer Treat Rev. 2015;41:844-852.
Rietbergen MM, Martens-de Kemp SR, Bloemena E, et al. Cancer
stem cell enrichment marker CD98: a prognostic factor for survival
in patients with human papillomavirus-positive oropharyngeal can-
cer. Eur J Cancer. 2014;50:765-773.

Padilla LA, Leung BS, Carson LF. Evidence of an association be-
tween human papillomavirus and impaired chemotherapy-induced
apoptosis in cervical cancer cells. Gynecol Oncol. 2002;85:59-66.
Vizza D, Lupinacci S, Toteda G, et al. An olive leaf extract rich
in polyphenols promotes apoptosis in cervical cancer cells by
upregulating p21(Cip/WAF1) gene expression. Nutr Cancer.
2019;71:320-333.

Salom C, Alvarez-Teijeiro S, Fernandez MP, et al. Frequent al-
teration of Annexin A9 and A10 in HPV-negative head and neck
squamous cell carcinomas: correlation with the histopathological
differentiation grade. J Clin Med. 2019;8(2):229.

Wise-Draper T, Sendilnathan A, Palackdharry S, et al. Decreased
plasma DEK oncogene levels correlate with pl6-negative dis-
ease and advanced tumor stage in a case-control study of patients
with head and neck squamous cell carcinoma. Transl Oncol.
2018;11:168-174.

SUPPORTING INFORMATION
Additional supporting information may be found online in
the Supporting Information section.

How to cite this article: Wang H, Wei J, Wang B, et
al. Role of human papillomavirus in laryngeal
squamous cell carcinoma: A meta-analysis of cohort
study. Cancer Med. 2019;9:204-214. https://doi.
org/10.1002/cam4.2712



https://doi.org/10.1002/cam4.2712
https://doi.org/10.1002/cam4.2712

