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Background: Human papillomavirus (HPV) has been identified to be related to progression of
anal squamous cell carcinoma (ASCC). However, the results remain controversial. A meta-analysis of
epidemiologic studies was therefore conducted to address this issue.

Methods: Data were collected from studies comparing overall survival (OS) and disease-free survival (DFS)/
disease-specific survival (DSS)/relapse-free survival (RFS)/progression-free survival (PES) in patients with
HPV infection. The electronic databases of MEDLINE and EMBASE were searched from their inception
till 30 Apr. 2017. Study-specific risk estimates were pooled using a fixed-effects model for OS and DFS/DSS/
RFS/PFS.

Results: Seven studies involving a total of 488 ASCC cases were included in this meta-analysis. The pooled
results showed that HPV infection was significantly associated with improved OS (HR =0.36; 95% CI, 0.22-
0.58) and DFS/DSS/REFS/PFS (HR =0.29; 95% CI, 0.18-0.47). The findings from most subgroup analyses
were consistent with those from the overall analysis.

Conclusions: The meta-analysis indicated that HPV infection may be of prognostic or therapeutic utility
in the evaluation of factors contributing to ASCC. Testing tumor specimens for HPV might indirectly affect

the treatment decisions.
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Introduction the molecular mechanisms related to the ASCC

carcinogenesis remain under investigation (4). The effect

Anal squamous cell carcinoma (ASCC) is an uncommon . . . . .
of infectious agents in anal carcinogenesis has also been

malignancy of the anal canal and perianal skin area, with suggested as direct carcinogens or promoters. Infection

annual incidences ranging from 1.0 to 2.5 per 100,000 with oncogenic human papillomavirus (HPV) types has

population in many western countries (1). Its incidence
is increasing by approximately 2% yearly, particularly in
females (2,3).

Although many risk factors for ASCC development have
been identified, such as the inherited genetic predisposition,
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been identified as a causal agent in a variety of human
carcinomas, including those of the cervix, anogenital region
and head and neck (5-7). As reported previously, the high-
risk HPVs prevalence were 89.7% in cervical cancer (8),
29.5% in head and neck cancer (9), 22.2% in esophageal
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cancer (10) and 31.9% in colorectal cancer (11).

In a study of patients with cervical cancer receiving
radiation therapy, HPV-positive patients have a significantly
better survival (12). Some retrospective clinical studies have
consistently proved that patients with HPV-positive head
and neck squamous cell carcinoma (HNSCC) had a better
prognosis than patients with HPV-negative tumors (13-16).
Anus can be infected with these viruses in the same way
as the oral cavity, tonsils, and pharynx; it is supposed that
the histological similarities between the head and neck
squamous epithelia and anus would suggest a similar
association and clinical characteristics. The prognostic
value of the HPV status has previously been investigated
in patients with ASCC. However, the results are much
controversial.

Therefore, this systematic review and meta-analysis
is conducted to assess the effects of HPV infection on
overall survival (OS) and disease-free survival (DFS)/
disease-specific survival (DSS)/relapse-free survival (RES)/
progression-free survival (PFS) in ASCC patients.

Methods
Literature search strategy

A systematic search up to 30 Apr. 2017 was conducted
in MEDLINE (via PubMed) and Excerpta Medica
database (EMBASE) to identify relevant articles. Search
terms included “human papillomavirus or HPV”, “anal
cancer or anal neoplasms or anal carcinoma” combined
with “prognosis or prognostic or survival or outcome”.
Additional relevant references cited in retrieved articles
were also evaluated. This meta-analysis was performed in

accordance with PRISMA guidelines (see Table S1).

Inclusion and exclusion criteria

All papers were reviewed by two authors (Jian-Ning Yao
and Hai-Ning Zhou) independently. Uncertainties and
discrepancies were resolved by consensus after discussing
with a senior researcher (Yan-Le Li). All studies included
in the final meta-analysis satisfied the following criteria: (I)
patients were pathologically diagnosed as ASCC; (II) OS
or DFS/DSS/RFS/PES as the outcome of interest; (II1)
reported HR estimates with their corresponding 95% CI (or
sufficient data to calculate of these effect measure), and (IV)
English articles. If the study was reported in duplication, the
one published earlier or provided more detailed information
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was included. Review articles and editorials were included if
they contained original data. Abstracts were excluded.

Quality assessment

The quality of each study was evaluated in accordance
with the revised ELCWP scoring scale described by
Steels (17). Each item was assessed using an ordinal scale
(possible values: 2, 1, 0). The overall score evaluated
several dimensions of the methodology, grouped into four
main categories: (I) scientific design: 0-10; (II) laboratory
methodology: 0-14; (III) generalizability: 0-12; (IV) results
analysis: 0-8. The total scores ranged from 0 to 44. The
final scores were expressed as percentages, ranging from 0%
to 100%, higher values indicated a better methodological

quality.

Data extraction

Two of the authors (Jian-Ning Yao and Hai-Ning Zhou)
performed the data extraction from each article and
discrepancies were resolved by consensus. For studies
meeting our inclusion criteria, a standardized data extraction
form was used to extract the following data: the first author’s
name, year of publication, country of origin, study design,
period of enrollment, the length of follow-up, characteristics
of the studied population (sample size, age, stage of disease
and treatment method), HPV detection methods, and HR
estimates for OS or DFS/DSS/RFS/PES with corresponding
95% ClIs. When data for HR was not available, we extracted
the total numbers of observed deaths and the numbers of
patients in each group to calculate HR (18). Data were
extracted by Engauge Digitizer version 4.1 (http://digitizer.
sourceforge.net/) from the graphical survival plots when
data were only available as Kaplan-Meier curves (19), then
the estimation of the HR was performed by the described
method (18).

Statistical analysis

The HR with 95% CI was used to compute the pooled
HPV infections and the OS or DFS/DSS/RFS/PFES in
ASCC patients. A fix-effect or random-effect model was
used to pool the data, based on the Mantel-Haenszel
method (20) and the DerSimonian and Laird method (21),
respectively. These two models provide similar results
when between-studies heterogeneity is absent; otherwise,
random-effect model is more appropriate.
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Figure 1 The PRISMA flow diagram of systematic literature search.

Cochrane Q test (P<0.10 indicated a high level of
statistical heterogeneity) and I’ (values of 25%, 50%
and 75% corresponding to low, moderate and high
degrees of heterogeneity, respectively) was used to
assess the heterogeneity between eligible studies, which
test total variation across studies that was attributable
to heterogeneity rather than to chance (22). Subgroup
analyses for HPV infections and the OS or DFS/DSS/
RFS/PFS in ASCC patients were subsequently carried out
according to the study type, geographical region, number
of patients, clinical stage, detection method, PCR primers,
HPV type, treatment method, hazard ratio and ELCWP
score. Sensitivity analysis was also conducted to assess
the influence of each individual study on the strength and
stability of the meta-analytic results. Each time, one study
in the meta-analysis was excluded to show that study’s
impact on the combined effect size. Funnel plot and Begg
adjusted rank correlation test for funnel plot asymmetry
were performed to test any existing publication bias.

All statistical analyses were performed using STATA version
12 for Windows (StataCorp LP, College Station, TX, USA). A
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two-tailed P<0.05 was considered statistically significant.

Results
Literature search

As shown in Figure 1, the search strategy generated 191
citations, of which 48 were considered of potential value
after screening of titles and abstracts and the full text was
retrieved for detailed evaluation. Of these 48 articles, 42
were subsequently excluded from the meta-analysis for
various reasons, including 8 were reviews, 1 was case report,
1 was cytological study, 31 that did not provide HRs or Cls
and 1 was cancer risk study. So, 6 studies were eligible and
included in this systematic review and meta-analysis (23-28).

Characteristics of the selected studies

Individual characteristics of the included six studies are
summarized in Table 1. They were published from 2007 to
2015 and involved a total of 488 ASCC cases. The sample
sizes ranged from 47 to 137. All six studies investigated

Transl Cancer Res 2017;6(3):463-473
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Table 2 Methodological assessments of the studies included in the meta-analysis

First author Global score (%) Scientific design [/10]

Laboratory methodology [/14] Generalizability [/12] Results analysis [/8]

Laytragoon-Lewin 56.8 8 8 6 3
Yhim 72.7 8 6 12 6
Ravenda 70.5 9 8 9 5
Serup-Hansen 77.3 10 4 12 8
Baricevic 70.5 8 6 9 8
Morris 65.9 7 8 10 4

Study %

HPV

D HR (95% Cl) Weight  (+)/(-)

Laytragoon-Lewin N (2007) +- 0.41(0.15,1.15) 2162  65/7

Yhim HY (2011) —0—;— 0.14(0.03,0.58) 10.23 31/16

Ravenda PS (2014) < 3 0.15(0.01,1.52) 3.55 42/8

Serup-Hansen E (2014) —%—0— 0.43(0.20,0.95) 36.95 120117

Baricevic | (2015) +- 0.40(0.14,1.13) 2057 100/10

Morris VK (2015) —30—— 0.41(0.04,1.41) 7.07 68/4

Overall (I-squared = 0.0%, p = 0.799) 0.36(0.22,0.58) 100.00 426/62

T T
05 1 3 5

1

T
15

Figure 2 Forest plot comparing HPV-positive to HPV-negative ASCC patients and OS. HPV, human papillomavirus; ASCC, anal

squamous cell carcinoma; OS, overall survival.

the prognostic role of HPV infection in OS, and 4 studies
(23,26-28) explored the prognostic impact of HPV infection
in DFS/DSS/RFS/PES. HRs and 95% Cls were extracted
directly from the survival curve from one study (24). One
study (24) did not give accurate data for follow-up. The
median follow-up period of all studies ranged from 28 to
51.7 months. The prevalence of HPV ranged from 66.0%
to 94.4%.

Quality assessment

In methodological quality of studies, the global quality score
ranged 56.8% to 77.3%, with a median of 69.0% (Tuble 2).
The subscore of laboratory methodology had the lowest
value, with a median quality score of 6.7 out of 14. The
most poorly described items were the blinding evaluation,
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tissue sample conservation, and description of the revelation
test procedure.

Resulis of the meta-analysis

oS

Among the studies included, all showed a negative
association comparing HPV-positive to HPV-negative
cancers, two (27,28) of which showed statistical significance.
The heterogeneity test indicated there was very low
degree of heterogeneity among included studies (Q test
Pecerogeneiy=0-799, I’'=0.0%), thus a fixed effects model was
employed to obtain the pooled HR. The pooled HR from
the 6 individual effect estimates comparing HPV-positive to
HPV-negative cancers was 0.36 (95% CI, 0.22-0.58), which
was significantly correlated with improved OS (Figure 2).

Transl Cancer Res 2017;6(3):463-473
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%

HPV

HR (95% CI) Weight ~ (+)/()
0.30(0.12,0.74) 2813 31116
0.10 (0.02, 0.50) 898 4218
027 (0.12,0.62) 3451 12017
0.42(0.17,1.04) 28.38 100/10
0.29(0.18,0.47) 10000 293/51

Figure 3 Forest plot comparing HPV-positive to HPV-negative ASCC patients and DFS/DSS/RFS/PFS. HPV, human papillomavirus;

ASCC, anal squamous cell carcinoma; DFS, disease-free survival; DSS, disease-specific survival; RFS, relapse-free survival; PFS,

progression-free survival.

DFS/DSS/RFS/PFS

Among the studies included, all showed a negative
association comparing HPV-positive to HPV-negative
cancers, three (26-28) of which showed statistical
significance. The heterogeneity test indicated there was
low degree of heterogeneity among included studies (Q test
Precerogenein=0.502, I’=0.0%), thus a fixed effects model was
employed to obtain the pooled HR. The pooled HR from
the four individual effect estimates comparing HPV-positive
to HPV-negative cancers was 0.29 (95% CI, 0.18-0.47),
which was significantly correlated with improved DFS/
DSS/RES/PES (Figure 3).

Subgroup analyses
Tuble 3 presents detailed results of subgroup analyses.

The associations of HPV status and OS in ASCC
patients did not differ by study type, geographical region,
number of patients, clinical stage, detection method, PCR
primers, HPV type, treatment method, hazard ratio and
ELCWP score. When cancer cases stratified by HPV type,
the pooled HR comparing HPV-16 positive to HPV-16
negative cancers was 0.28 (95% CI, 0.12-0.66).

The associations of HPV status and DFS/DSS/RFS/PEFS
in ASCC patients did not differ by study type, geographical
region, number of patients, clinical stage, detection method,
PCR primers, HPV type, treatment method, hazard
ratio and ELCWP score. Exploratory subgroup analysis
according to study type showed that HPV infection had

© Translational Cancer Research. All rights reserved.
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more significantly prognostic value for improved DFS/
DSS/RES/PES in prospective studies (HR =0.22, 95% CI,
0.11-0.46). In short, the estimated heterogeneity for studies
included decreased to some degree but did not obliterate.

Influence analysis of individual studies

"To address the potential bias due to the quality of the included
studies, we performed the sensitivity analysis by calculating
pooled HRs again when omitting one study at a time.
Figure 44,B showed the results of sensitivity analysis for OS
and DFS/DSS/RFS/PES respectively. The pooled HRs for
OS comparing HPV-positive to HPV-negative cancers ranged
from 0.32 (95% CI, 0.18-0.59) t0 0.40 (95% CI, 0.24-0.66).
The pooled HRs for DES/DSS/RFS/PES comparing HPV-
positive to HPV-negative cancers ranged from 0.5 (95% CI,
0.14-0.44) to0 0.32 (95% CI, 0.19-0.53). The meta-analysis
result of the pooled HRs for OS and DFS/DSS/RFS/PES
comparing HPV-positive to HPV-negative cancers were not
significantly affected by omission of any of the individual
studies analysed, which indicated that each single study didn’t
influence the stability of pooled HR estimate.

Publication bias

There was no evidence of publication bias as demonstrated
by the non-significant P values of Begg’s test for OS (0.060)
and DFS/DSS/RFS/PES (0.142), and the near-symmetric

Transl Cancer Res 2017;6(3):463-473
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Table 3 Results of subgroup analyses

OS (fixed-effect model) DFS/DSS/RFS/PFS (fixed-effect model)

Group l;ltc:dc;:‘ HR (95% Cl) P for he;c:;ageneity 2 (9%)" l;ltc:dc;f HR (95% Cl) P for he::;?geneity ? (9%)"
All 6 0.36 (0.22-0.58) 0.799 0.0 4 0.29 (0.18-0.47) 0.502 0.0
Study type

Prospective 4 0.34 (0.20-0.60) 0.519 0.0 2 0.22 (0.11-0.46) 0.281 13.9

Retrospective 2 0.40 (0.16-0.99) 0.981 0.0 2 0.36 (0.19-0.67) 0.607 0.0
Geographic region

Europe 4 0.40 (0.24-0.67) 0.892 0.0 3 0.28 (0.16-0.50) 0.309 14.8
Number of patients

<100 4 0.29 (0.14-0.60) 0.619 0.0 2 0.23 (0.10-0.51) 0.244 26.3

>100 2 0.42 (0.22-0.78) 0.913 0.0 2 0.33 (0.18-0.61) 0.479 0.0
Clinical stage

Sl 3 0.32 (0.16-0.62) 0.350 4.7 3 0.25 (0.14-0.44) 0.489 0.0
Detection method

PCR 5 0.36 (0.22-0.58) 0.676 20.7 4 0.29 (0.18-0.47) 0.502 0.0
PCR primers

Type-specific 3 0.36 (0.20-0.63) 0.407 11.3 3 0.32 (0.19-0.53) 0.767 0.0

Combination*® 2 0.36 (0.14-0.91) 0.467 0.0 1 - - -
HPV type

16 2 0.28 (0.12-0.66) 0.256 22.4 2 0.36 (0.19-0.67) 0.607 0.0
Treatment method

CRT 4 0.34 (0.19-0.60) 0.526 0.0 4 0.29 (0.18-0.47) 0.502 0.0

Others/unknown 2 0.41 (0.17-0.99) 1.000 0.0 0 - - -
Hazard ratio

Unadjusted 4 0.42 (0.25-0.69) 1.000 0.0 2 0.33 (0.18-0.61) 0.479 0.0

Adjusted 2 0.14 (0.04-0.51) 0.963 0.0 2 0.23 (0.10-0.51) 0.244 26.3
ELCWP score

<70% 2 0.41 (0.17-0.99) 1.000 0.0 0 - - -

>70% 4 0.34 (0.19-0.60) 0.526 0.0 4 0.29 (0.18-0.47) 0.502 0.0

T, I is interpreted as the proportion of total variation across studies that are due to heterogeneity rather than chance; *, combination of
primers: broad spectrum plus type-specific primers. OS, overall survival; DFS, disease-free survival; DSS, disease-specific survival; RFS,
relapse-free survival; PFS, progression-free survival; HR, hazard ratio; Cl, confidence intervals; PCR, polymerase chain reaction; HR-HPV,
high-risk HPV; CRT, chemo-radiotherapy.
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A Met: lysis fixed-effect il ial form) B Meta-analysis fixed-effects estimates (exponential form)
Study ommited Study ommited
Laytragoon-Lewin N (2007) | | Yhim HY (2011) |
Yhim HY (2011) I
Ravenda PS (2014) | |
Ravenda PS (2014) |
Serup-Hansen E (2014) |
Serup-Hansen E (2014) |
Baricevic | (2015)
Morris VK (2015) | | Baricevic | (2015) |
0.18 0.22 0.36 0.58 0.‘66 0.14 0.18 0.29 0.47 0.‘54

Figure 4 Influence analyses for omitting individual study on the summary HR for OS (A) and DFS/DSS/RFS/PES (B). OS, overall survival;

DFS, disease-free survival; DSS, disease-specific survival; RES, relapse-free survival; PFS, progression-free survival.
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Figure 5 Funnel plots for publication bias of OS (A) and DFS/DSS/RFS/PES (B). OS, overall survival; DFS, disease-free survival; DSS,

disease-specific survival; RFS, relapse-free survival; PFS, progression-free survival.

funnel plot (Figure 5). (29-31). After then, an accumulating amount of studies have
investigated the relationship between HPV infection and
ASCC prognosis. However, the conclusions drawn were

Discussion inconsistent. It was reported that HPV-positive HNSCCs
This is the first systematic review investigating survival in was associated with a 54% reduction in overall mortality, in
HPV-related ASCCs. Pooled effect estimates from included comparison to HPV-unrelated HNSCCs (32). Furthermore,
studies demonstrated that HPV infection was significantly Kim et al. (33) reported that the tumor HPV viral load in
associated with improved survival in ASCC patients, cervical cancer, in which more than 90% of patients had
suggesting that HPV infection may be of prognostic or HPV infection, was a strong independent prognostic factor
therapeutic utility in the evaluation of factors contributing for DFS. In this sense, we are interested in the impact of
to ASCC. tumor HPV status on treatment outcomes in terms of OS

The association between HPV infection and the and DFS/DSS/RFES/PES in ASCC. We found that HPV-
occurrence of ASCC was first reported in the late 1980s positive ASCCs were associated with a 64% reduction

© Translational Cancer Research. All rights reserved. ter.amegroups.com Transl Cancer Res 2017;6(3):463-473
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in OS and a 71% reduction in DFS/DSS/RFS/PFS, in
comparison to HPV-unrelated ASCCs. These findings
could be explained with better responsiveness of HPV-
positive ASCC to chemoradiotherapy, as already showed
in oropharyngeal squamous cell carcinoma (26). However,
it has not been well known why HPV positive tumors have
better responsiveness to radiotherapy, chemotherapy or
both and warrants further study.

There are more than 100 HPV genotypes, which are
categorized low and high-risk in accordance with their
ability to induce malignant transformation of epithelial
cells (34). The overall prevalence of HPV in anal carcinoma
is around 84.3%, wherein more than 75% and less than
10% were HPV 16 and 18 positive respectively (35).
HPV-associated cancers often have a viral sequence
integrated into the genome of the cancer cells. Two of
the HPV early structural genes, E6 and E7, are known
as oncogenes promoting tumor growth and malignant
transformation. The E6 and E7 proteins contribute to the
genetic instability through their inactivation of p53 and the
retinoblastoma protein (pRb). pRb is a negative regulator of
the cyclin-dependent kinase inhibitor p16, and inactivation
of pRb leads to upregulation of pl6. pl6 is often used as a
surrogate marker of HPV infection. Studies of HNSCC
have demonstrated high concordance between expression
of p16 and HPV positivity (13,36). In HNSCC, HPV and
pl6 status have been evaluated as prognostic factors with
positive HPV status or increased pl6 expression being
associated with improved prognosis (37,38). One study of
cervical cancer found that increased pl6 expression was
associated with a better prognosis (39). Few studies have
evaluated HPV or p16 status as prognostic factors in patients
with anal carcinoma (40). Results from subgroup analyses
stratified by HPV type showed that HPV-16 infection had
more significantly prognostic value for improved OS and
less significantly prognostic value DFS/DSS/RFS/PFES.
Future studies are encouraged to investigate the difference in
survival between different HPV genotypes in ASCC.

Clinical stage at diagnosis is the most important
prognostic factor for ASCC (41). It’s also a prerequisite
for identifying ASCC patients who are candidates for
chemoradiotherapy prior to surgery. However, only one
study (26) reported the adjusted HRs for clinical stage.
Other HRs were estimated either from univariate analysis
or survival curves. So, future studies should therefore
be encouraged to accurately adjust for other potential
prognostic factors when comparing survival outcomes.

The present study has several strengths. First, the
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present analysis is the first to examine survival differences
in HPV-positive and HPV-negative ASCCs, making it the
most methodologically robust and comprehensive review
to date. Second, we applied a rigorous inclusion/exclusion
criterion, fully outcomes of interest (OS and DFS/DSS/
RFS/PFS) and advanced meta-analysis of HR for survival.
Moreover, subgroup analyses stratified by the study type,
geographical region, number of patients, clinical stage,
detection method, PCR primers, HPV type, treatment
method, hazard ratio and ELCWP score. Thus, the effect
of potential confounders was minimized. In addition, no
publication bias was observed in our analyses, combined
with the results of sensitivity analysis, indicating that our
results are robust.

However, the present meta-analysis has several
limitations. First, it is well known that the estimates of HPV
infection might be influenced largely by the sensitivity and
accuracy of HPV DNA detection method and HPV types
covered by the method. Therefore, to some extent, potential
bias could not be completely excluded considering that
different methods have been used in the included studies.
Second, the included studies were restricted to those
published in English in our study, which might introduce
language bias as well. Finally, only one study reported the
adjusted HRs for clinical stage, which might cause residual
confounding by other potential prognostic factors.

Conclusions

In conclusion, the findings of this meta-analysis indicated
that HPV infection was significantly associated with
improved survival in ASCC patients. Given its potential
prognostic significance in ASCC, testing tumor
specimens for HPV might indirectly affect the choice
of chemotherapy and radiotherapy when considering
treatment decisions. Considering the limitations of the
present meta-analysis, further large prospective studies
are encouraged to stratify survival analysis by pathological
type and HPV type.
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Methods
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Search 8 Present full electronic search strategy for at least one database, including any limits used, such 2
that it could be repeated
Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, 2
and, if applicable, included in the meta-analysis)
Data collection 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) 2
process and any processes for obtaining and confirming data from investigators
Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any 2
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measures of consistency (e.g., I) for each meta-analysis
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