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Abstract

Background: Some types of beta-human papillomavirus (3-HPV) may be one of the probable causes of squamous cell
carcinoma (SCC) in transplant recipients. B-HPVs are linked to SCC in the literature with small number of subjects.

Aim: Herein, the first meta-analysis was carried out on the association between B-HPVs and cutaneous SCC in
immunosuppressed patients.

Methods: A systematic search was carried out in the PubMed and Scopus databases up to December 2018. The odds
ratio (OR) were calculated by RevMan 5.3 software and the event rate (ER) by Comprehensive Meta-Analysis 2.0 soft-
ware with a 95% confidence interval (CI).

Results: A total of 1250 records were identified through the two databases, but at last eleven studies were included in
the meta-analysis that they were published from 1989 to 2018. The results showed a significantly high prevalence of B-
HPVs in cutaneous SCC patients (ER = 69.1%; 95%CI: 58.7%, 77.8%). In addition, the prevalence of overall B-HPVs and
B-HPVs of 5, 8, 9, 17, 49, 75, and 76 in immunosuppressed cutaneous SCC patients was significantly higher compared
with controls.

Conclusions: The findings of the present meta-analysis support the hypothesis that B-HPV may play a role in cutaneous

SCC development in immunosuppressed individuals.
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1. Introduction

mong skin cancers, cutaneous SCC (cSCC)

is a quite common malignant proliferation
of the epithelial layers with an aggressive
behavior and possible metastasis [1]. The risk
factors for the SCC development are represented
by fair skin, intense sun-exposure, history of
sunburns, immunosuppression and beta-human
papillomavirus (B-HPV) infection. Indeed, one of
the probable causes of SCC is the HPV [2, 3].
HPVs are a great and various group of over 170

subsets with 5 main known HPV genera,
including Alpha, Beta (B), Gamma, Mu and Nu
papillomavirus [4, 5]. While other HPV genera
contribute to the formation of verruca vulgaris,
condyloma acuminate, and various types of ano-
genital cancers [6, 7], the B-genus appears to be
involved in human cutaneous carcinogenesis and
in promoting non-melanoma skin cancer devel-
opment in immunosuppressed patients [8].
Among B-HPVs, HPVs 5 and 8 seem to have a
potential role in warts that may culminate in SCC
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formation [9]. Due to the high incidence of SCC in
organ transplant recipients in comparison with
the general population as well as the similarity of
their symptoms, clinical behavior and epidemi-
ology with other virus-induced cancers (i.e.
Kaposi's sarcoma), some studies have focused on
their origin [10]. Among them, several studies
have demonstrated that a further increase in the
SCC appearance in transplant recipients is
correlated with a significant degree of B-HPV
detection [11, 12]. It was reported that 90% of the
SCC lesions in Epidermodysplasia Verruciformis
patients - a rare genodermatosis determined by
multiple skin cancers on sun-exposed sites-were
found to increase the likelihood of viral carcino-
genicity [13]. Recently, the association between B-
HPV and SCC in immunosuppressed patients has
been studied in several epidemiological studies
with controversial results [14, 15]. Considering the
hypothesis that -HPV may play a role in ¢SCC
development in immunosuppressed individuals,
this meta-analysis was carried out to explore an
association between B-HPVs and ¢SCC in
immunosuppressed patients.

2. Materials and Methods
2.1. Identification of studies

A systematic search was carried out in the
PubMed and Scopus databases up to December
2018 without any restrictions. To retrieve the
studies, one of authors (M.S) searched among two
databases with the search strategy of (“human
papillomavirus” or “HPV” or "B-HPV” or “beta-
HPV”) and (“cutaneous squamous cell carcinoma”
or “cutaneous SCC” or “skin squamous cell carci-
noma” or “skin SCC” or “cSCC” or “nonmelanoma
skin neoplasms” or “nonmelanoma skin cancer” or
“squamous cell cancer” or “squamous cell
neoplasm”). In addition, the citations of the
retrieved studies in relation to the topic of our
meta-analysis were reviewed to ensure that no
studies were missed. After that, other authors (M.R
and F.B) assessed the relevant articles based on the
titles and abstracts. Subsequently, the articles with
the full-text meeting the criteria were screened.
After screening, the reasons for exclusion were
written for the studies removed and another
author (A.A) resolved the disagreements between
the authors.
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2.2. Eligibility criteria

The authors used the mentioned criteria for
selecting the studies. We included: 1) all types of
studies; 2) inclusion of immunosuppressed patients
of any age and gender; 3) diagnosis of ¢<SCC estab-
lished according to clinical and/or histologic criteria,
and 4) studies reporting the prevalence of f-HPVs in
¢SCC patients. On the contrary, we excluded studies
with irrelevant or wunavailable data, studies
including noncutaneous SCC, studies including
unspecified nonmelanoma skin cancer, animal
studies, duplicate studies, and conference papers,
case reports, and reviews.

2.3. Data abstraction

The data of the studies entered to the analysis
including first name of first author, publication year,
research area, study design, number of individuals
and B-HPV detection methods/subtypes, were
independently extracted and analyzed by three au-
thors (M.S, M.R and F.B).

2.4. Statistical analysis

The values of odds ratio (OR) were computed by
Review Manager version 5.3 software and the event
rate (ER) by Comprehensive Meta-Analysis-version
2.0 software with a 95% confidence interval (CI). To
estimate the pooled OR significance, the Z test was
applied with a p-value (2-sided) < 0.05. In addition,
the I? statistic was applied to estimate heterogeneity
that if P > 0.1 (I’<50%), there was a significant het-
erogeneity and in this state, we used the fixed-ef-
fects model; otherwise, the random-effects model
was used. The Funnel plots were analyzed with both
Egger's and Begg's tests that P < 0.05 (two-sided)
showed the significant publication bias. To estimate
the stability of the pooled data, the sensitivity ana-
lyses (“cumulative analysis” and “the removal of one
study”) were applied.

3. Results
3.1. Study selection

A total of 1250 records were identified through the
two databases that after removing the duplicates,
775 records were screened, among which 748 irrel-
evant records were excluded (Fig. 1). Then, 27 full-
texts were evaluated, from among which 16 full-
texts were excluded with reasons (four reviews, two
animal studies, four studies not reporting B-HPV
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Fig. 1. Flow-chart of the study selection.

types, one reporting HPV in organ transplant re-
cipients not affected by squamous cell carcinoma,
three reporting all HPV genera altogether (alpha,
beta, and gamma), and two reporting different skin
cancers altogether). At last, eleven studies were
entered to the analysis.

3.2. Features of studies

Table 1 is illustrated the features of eleven
studies included in the meta-analysis published
from 1989 to 2018. Four studies were presented
from United Kingdom [16-19], two from the
Netherlands [20,21], one from Scotland [22], one
from the United States of America [23], one from
Ireland [24], one from Germany [25] and one was a
multicenter study (Queensland, Australia, and
Italy) [26]. Six studies were uncontrolled [16,19,22-

25], two were case-control [20,26] and three were
cohort [17,18,21] studies. The detection methods of
B-HPVs were the Polymerase Chain Reaction
(PCR) for eight studies [16,18,19,22-26], serology for
two studies [17,21] and PCR and serology together
for two studies [20].

3.3. Meta-analysis

The pooled analysis of eleven studies reporting
the prevalence of B-HPVs in immunosuppressed
¢SCC patients showed an ER of 69.1% (95%CI:
58.7%, 77.8%; p = 0.001;, > = 87.7% (P, or
Pheterogeneity<0.0001) (Fig. 2). The results showed a
significantly high prevalence of f-HPVs in ¢SCC in
immunosuppressed patients.

Four case-control studies were analyzed for OR of
B-HPVs in immunosuppressed cutaneous patients
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Table 1. Characteristics of the studies included in the meta-analysis.
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First author, year publication Country Design/Population B-HPV Detection
Methods/Subtypes
Barr, 1989 [22] Scotland Uncontrolled PCR
Case: 25 HPV type 5/8
Harwood, 2000 [16] United Kingdom Uncontrolled PCR
Case: 26 All beta HPV types
Arron, 2011 [23] United States of America Uncontrolled PCR
Case: 14 All beta HPV types
O'Connor, 2001 [24] Ireland Uncontrolled PCR
Case: 9 All beta HPV types
Stockfleth, 2004 [25] Germany Uncontrolled PCR
Case: 16 HPV types 5, 8
Casabonne, 2009 [17] United Kingdom Cohort Serology
Case: 119 HPV types 5, 8, 9, 15, 17, 20, 23, 24, 36, 38,
Control: 425 49, 75, 76, 92, 93, 96
Mackintosh, 2009 [18] United Kingdom Cohort PCR
Case: 53 HPV types 5, 8, 9, 12, 14, 15, 17, 1925, 36

Proby, 2011 [20] The Netherlands

Neale, 2013 [26] Queensland, Australia, and Italy
Bouwes Bavinck, 2018 [21] The Netherlands

Purdie, 2018 [19] United Kingdom

—38, 47, 49, 75, 76, 80, 92, 93 and 96

Case-control PCR & Serology

Case: 204 HPV types 5, 8, 9, 15, 17, 20, 23, 24, 36, 38,
Control: 377 49, 75, 76, 92, 93, 96

Case-control PCR

Case: 179 HPV types 5, 8, 15, 20, 23, 24, 36, 38
Control: 318

Cohort Serology

Case: 90 All beta HPV types

Control: 536

Uncontrolled PCR

Case: 12 All beta HPV types

Abbreviations: PCR, Polymerase chain reaction; HPV, Human papillomavirus.

affected by SCC compared to controls (Figs. 3 and
4). The OR was 1.36 for overall B-HPVs [95%CI: 1.10,
1.69; p = 0.005] without heterogeneity, 1.41 for HPV5
[95%CI: 1.11, 1.79; p = 0.004] without heterogeneity,
1.38 for HPVS [95%CI: 1.10, 1.74; p = 0.005] without
heterogeneity, 1.38 for HPV9 [95%CI: 1.03, 1.86;
p = 0.03; I? = 23% (P, = 0.26)], 1.42 for HPV17 [95%
CI: 1.08, 1.87; p = 0.01] without heterogeneity, 1.44
for HPV49 [95%CL: 1.09, 1.92; p = 0.01] without
heterogeneity, 1.42 for HPV75 [95%CI: 1.02, 1.97;
p = 0.04] without heterogeneity, and 1.62 for HPV76

Study name Statistics for each study
Event Lower Upper

rate limit limit Z-Value p-Value
Casabonne, 2009 0.571 0481 0657 1553 0.120
Neale, 2013 0933 0.886 0962 8810 0.000
Proby, 2011 0633 0566 0.696 3.817  0.000
Bouwes Bavinck, 2018 0.600 0496 0696 1.884  0.060
Stockfleth, 2004 0625 0.377 0.821 0.989  0.323
Mackintosh, 2009 0509 0.377 0640 0.137 0.891
O'Connor, 2001 0.889 0.500 0.985 1.961 0.050
Purdie, 2018 0.750 0.448 0917 1648  0.099
Harwood, 2000 0.731 0.533 0.866 2258 0.024
Barr, 1989 0.600 0.403 0.770 0.993 0.321
Arron, 2011 0.714 0439 0889 1549 0.121
Total 0691 0.587 0.778 3.476  0.001

[95%CI: 1.16, 2.27; p = 0.005] without heterogeneity.
In addition, the OR was 2.05 for HPV15 [95%CI: 0.69,
6.07; p = 0.19; I? = 95% (P, < 0.00001)], 2.23 for
HPV23 [95%CI: 0.52, 9.61; p = 0.28; P = 9%
(P, < 0.00001)], 2.21 for HPV38 [95%CI: 0.83, 5.89;
p = 0.11; I’ = 94% (P, < 0.00001)], 1.34 for HPV92
[95%CI: 0.78, 2.33; p = 0.29; I =56% (P, = 0.13)], 1.62
for HPV20 [95%CI: 0.76, 3.46; p = 0.22; I’ = 88%
(P, = 0.0003)], 2.02 for HPV24 [95%CI: 0.85, 4.81;
p = 0.11; I = 91% (Py, < 0.0001)], 1.69 for HPV36 [95%
CI: 0.48, 5.97; p = 0.42; I? = 96% (Py, < 0.00001)] and

Event rate and 95% CI

Relative

weight
11.94
| | 10.63
12.32
11.63
7.86
10.93
3.47
6.22
8.78

9.21
7.00

100

|
[ |
=
. 3

-1.50 -0.75 0.00 0.75 1.50

Fig. 2. Event rate of the prevalence of 3-HPVs in immunosuppressed patients with cSCC.
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scC Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 Beta HPVs
Bouwes Bavinck, 2018 54 90 259 536 20.8%  1.60[1.02,2.53) [
Casabonne, 2009 68 119 237 425 31.1%  1.06[0.70, 1.59) ——
Neale, 2013 167 179 286 318 97%  1.56([0.78,3.11] S -
Proby, 2011 133 210 216 394 385%  1.42[1.01,2.01) ——
Subtotal (95% CI) 598 1673 100.0%  1.36[1.10, 1.69] -
Total events 422 998
Heterogeneity: Chi* = 2.16, df = 3 (P = 0.54); I = 0%
Test for overall effect: Z = 2.79 (P = 0.005)
1.1.2 HPVS
Casabonne, 2009 18 119 39 425 128%  1.76[0.97,3.21) -
Neale, 2013 66 179 104 318 41.8%  1.20(0.82,1.76) T
Proby, 2011 92 204 133 377 454% 1.51[1.06, 2.13) TR
Subtotal (95% Cl) 502 1120 100.0%  1.41([1.11,1.79) <
Total events 176 276
Heterogeneity: Chi* = 1.34, df = 2 (P = 0.51); = 0%
Test for overall effect: Z = 2.86 (P = 0.004)
1.1.3HPVS
Casabonne, 2009 27 119 91 425 250%  1.08[0.66, 1.75) ——
Neale, 2013 60 179 82 318 320%  1.45[0.97,2.16) ——
Proby, 2011 103 204 152 377 43.0% 1.51[1.07, 2.13) - T
Subtotal (95% Cl) 502 1120 100.0%  1.38[1.10, 1.74) <
Total events 190 325
Heterogeneity: Chi? = 1.32, df = 2 (P = 0.52); I = 0%
Test for overall effect: Z = 2.78 (P = 0.005)
1.1.4 HPV9
Casabonne, 2009 19 119 65 425 324%  1.05[0.60, 1.84) e
Proby, 2011 89 204 126 377 67.6%  1.54[1.09,2.19) —i—
Subtotal (95% CI) 323 802 100.0%  1.38 [1.03,1.86] g
Total events 108 191
Heterogeneity: Chi* = 1.29, df = 1 (P = 0.26); I* = 23%
Test for overall effect: Z = 2.16 (P = 0.03)
1.1.5 HPV17
Casabonne, 2009 37 119 100 425 36.7%  1.47(0.94,2.30] T
Proby, 2011 84 204 126 377 633%  1.39[0.98,1.98] —il—
Subtotal (95% Cl) 323 802 100.0%  1.42[1.08,1.87) -
Total events 121 226
Heterogeneity: Chi* = 0.03, df = 1 (P = 0.86); I’ = 0%
Test for overall effect: Z = 2.49 (P = 0.01)
1.1.6 HPV49
Casabonne, 2009 32 119 84 425 352%  1.49(0.93,2.39) T
Proby, 2011 77 204 113 377 64.8%  1.42[0.99,2.03) —il—
Subtotal (95% Cl) 323 802 100.0%  1.44[1.09, 1.92) <
Total events 109 197
Heterogeneity: Chi* = 0.03, df = 1 (P = 0.86); I = 0%
Test for overall effect: Z = 2.52 (P = 0.01)
1.1.8 HPV75
Casabonne, 2009 17 119 50 425 326%  1.25[0.69,2.26) —_—T
Proby, 2011 56 204 76 377 674%  1.50(1.01,2.23) ——
Subtotal (95% CI) 323 802 100.0%  1.42[1.02,1.97] S
Total events 73 126
Heterogeneity: Chi* = 0.25, df = 1 (P = 0.62); I = 0%
Test for overall effect: Z = 2.08 (P = 0.04)
1.1.9 HPV76
Casabonne, 2009 16 119 42 425 315%  1.42(0.77,2.62) e e e
Proby, 2011 56 204 68 377 685%  1.72[1.15,2.58) ——
Subtotal (95% Cl) 323 802 100.0%  1.62[1.16,2.27) e
Total events 72 110
Heterogeneity: Chi® = 0,27, df = 1 (P = 0.61); I = 0%
Test for overall effect: Z = 2.82 (P = 0.005)

0.2 05 1 2 5

Test for subaroup differences: Chi* = 0.85. df = 7 (P = 1.00). F = 0%

Favo;:rs [SCC) Favours [control]

Fig. 3. Forest plot of odds ratio of prevalence of some 3-HPVs in immunosuppressed patients with SCC compared to healthy controls.
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ScC Control Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.21 HPV15
Casabonne, 2009 34 119 116 425 33.0% 1.07 [0.68, 1.67)
Neale, 2013 104 179 57 318 333% 6.35 [4.20, 9.59) —
Proby, 2011 111 204 182 377 33.8% 1.28(0.91, 1.80) TR
Subtotal (95% CI) 502 1120 100.0% 2.05 [0.69, 6.07) | RE—
Total events 249 355
Heterogeneity: Tau? = 0.88; Chi? = 44.16, df = 2 (P < 0.00001); I = 95%
Test for overall effect: Z = 1.30 (P = 0.19)
1.2.2 HPV20
Casabonne, 2009 15 119 61 425 30.8% 0.86 [0.47, 1.58) —_—
Neale, 2013 65 179 45 318 34.0% 3.46 [2.23, 5.36) ooy e
Proby, 2011 74 204 112 377 352% 1.35[0.94, 1.93) =
Subtotal (95% Cl) 502 1120 100.0% 1.62[0.76, 3.46) ooz
Total events 154 218
Heterogeneity: Tau? = 0.39; Chi® = 16.54, df = 2 (P = 0.0003); I* = 88%
Test for overall effect: Z = 1.24 (P = 0.22)
1.2.3 HPV23
Casabonne, 2009 9 119 41 425 31.9% 0.77 [0.36, 1.63) 71 T
Neale, 2013 143 179 93 318 33.8% 9.61[6.20, 14.89) —
Proby, 2011 121 204 190 377 34.2% 1.43[1.02, 2.03) =
Subtotal (95% Cl) 502 1120 100.0% 2.23[0.52, 9.61) | ET——
Total events 273 324
Heterogeneity: Tau? = 1.59; Chi® = 55.78, df = 2 (P < 0.00001); I* = 96%
Test for overall effect: Z = 1.08 (P = 0.28)
1.2.4 HPV24
Casabonne, 2009 12 119 47 425 304% 0.90 [0.46, 1.76) —_—
Neale, 2013 112 179 83 318 345% 4.73(3.20,7.01) —.
, 2011 112 204 154 377 35.1% 1.76 [1.25, 2.49) —
Subtotal (95% Cl) 502 1120 100.0% 2.02[0.85, 4.81) T
Total events 236 284
Heterogeneity: Tau? = 0.53; Chi? = 22.76, df = 2 (P < 0.0001); I = 91%
Test for overall effect: Z = 1.59 (P = 0.11)
1.2.7 HPV38
Casabonne, 2009 28 119 95 425 32.7% 1.07 [0.66, 1.73) b
Neale, 2013 124 179 87 318 334% 5.99 [4.00, 8.95) i
Proby, 2011 120 204 192 377 339% 1.66 [1.17, 2.35) -
Subtotal (95% Cl) 502 1120 100.0% 2.21[0.83, 5.89) —~cEe—
Total events 281 374
Heterogeneity: Tau? = 0.71; Chi? = 34.88, df = 2 (P < 0.00001); I = 94%
Test for overall effect: Z = 1.58 (P = 0.11)
1.2.8 HPV36
Casabonne, 2009 8 119 50 425 31.3% 0.54[0.25, 1.17) —_—
Neale, 2013 121 179 82 318 342% 6.00 [4.02, 8.97) —
Proby, 2011 101 204 159 377 34.5% 1.34[0.95, 1.89) —
Subtotal (95% Cl) 502 1120 100.0% 1.69 [0.48, 5.97) | ——EEmm—
Total events 230 291
Heterogeneity: Tau? = 1.17; Chi = 44.59, df = 2 (P < 0.00001); I = 96%
Test for overall effect: Z = 0.81 (P = 0.42)
1.2.9 HPV92
Casabonne, 2009 14 119 52 425 40.5% 0.96 [0.51, 1.79)
Proby, 2011 50 204 73 377 595% 1.69 [1.14, 2.52) | —i—
Subtotal (95% Cl) 323 802 100.0% 1.34[0.78, 2.33)
Total events 73 125
Heterogeneity: Tau? = 0.09; Chi? = 2.28, df = 1 (P = 0.13); I = 56%
Test for overall effect: Z = 1.05 (P = 0.29)
1.2.10 HPV93
Casabonne, 2009 6 119 12 425 123% 1.83(0.67, 4.98) ———
Proby, 2011 60 204 105 377 87.7% 1.08 [0.74, 1.57) t
Subtotal (95% Cl) 323 802 100.0% 1.15[0.81, 1.64)
Total events 66 17
Heterogeneity: Tau? = 0.00; Chi = 0.93, df = 1 (P = 0.33); P = 0%
Test for overall effect: Z = 0.79 (P = 0.43)
01 02 05 2 5 10

Test for subaroup differences: Chi® = 3.80. df = 7 (P = 0.80). P = 0%

Favours [SCC] Favours [control]

Fig. 4. Forest plot of odds ratio of prevalence of other 3-HPVs in immunosuppressed patients affected by SCC compared to healthy controls.
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Fig. 5. Funnel plot of the prevalence of 3-HPVs in immunosuppressed patients with SCC.

1.14 for HPV93 [95%CI: 1.80, 1.63; p = 0.45] without
heterogeneity. The results showed that the preva-
lence of overall B-HPVs and B-HPVs of 5, 8, 9, 17, 49,
75, and 76 was significantly higher in immunosup-
pressed SCC patients than in controls.

3.4. Sensitivity analysis

Two sensitivity analyses mentioned in methods
were performed on the prevalence of B-HPVs in
immunosuppressed patients with SCC. We found
that the pooled ER did not alter; therefore, these
results confirmed the stability of initial pooled data.

3.5. Publication bias

With regard to publication bias, Fig. 5 illustrates
the funnel plot of the prevalence of B-HPVs in
immunosuppressed patients affected by SCC. The
Begg's test revealed a bias between the studies
(p = 0.035), but no Egger's test (p = 0.340).

4. Discussion

SCC is usually a very rapidly growing dangerous
tumor with the proliferation of keratinocytes [27,28].
Renal transplant recipients have an elevated inci-
dence of HPV-related cancers [29-33]. The beta
genus comprises more than 50 B-HPVs [34]. Some
studies have linked B-HPVs to SCC, but many
studies have considered a small number of subjects
and/or samples and others have been uncontrolled.
The present meta-analysis evaluated the ER of B-
HPVs in immunosuppressed patients with SCC and
also the OR of B-HPVs among these patients in
comparison to controls. The results showed that the

prevalence of B-HPVs in such patients was signifi-
cantly higher and also the OR of some B-HPV ge-
notypes was significantly higher in patients than in
controls (overall B-HPVs and B-HPVs of 5, 8, 9, 17,
49, 75, and 76).

The studies have shown a high detection of HPV
in both precancerous lesions and SCC in renal
transplant recipients (81% to 91%) [35,36]. The B-
HPV prevalence in the studies included in the pre-
sent meta-analysis was ranged from 50.9% to 93.3%;
similarly, among uncontrolled studies, it varied
from 50.9% to 88.9%. Among case-control [20,26]
and cohort studies [17,21], including immunosup-
pressed individuals with SCC, one cohort study [21]
based on serology and one case-control study [20]
including the individuals with B-HPV antibodies
showed a significantly increased risk. Two other
studies [17,26] failed to illustrate significantly a dif-
ference between the patients and controls. The
controversy between the results and the wide range
of outcomes may be due to using different methods
with different sensitivity and specificity.

A previous meta-analysis [37] showed that ¢<SCCs
were more probably to carry B-HPV genotypes
compared to healthy skin, and there was an increase
in B-HPV prevalence in tumors of immunosup-
pressed subjects in comparison to immunocompe-
tent subjects. Concerning differences in B-HPV
prevalence among different groups of patients,
Harwood et al. [16] reported a different detection
rate of 84% versus 27% between two groups of pa-
tients (immunosuppressed versus immunocompe-
tent subjects), which was confirmed by Stockfleth
et al. subsequently (75% vs. 37%) [18]. However,
another study [20] did not detect differences (51%
versus 52%) in viral detection among paraffin-
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embedded tumors from immunosuppressed and
immunocompetent subjects. The younger age of
immunosuppressed patients than immunocompe-
tent individuals was suggested to explain such a
result. Accordingly, several studies [23,38-40] re-
ported that immunosuppression and older age had
an association with the viral load and higher prev-
alence of B-HPV. In fact, it can be concluded that
considering the age of the patient along with im-
mune status is important in a correct interpretation
of the results and predicting the outcome. More-
over, some studies have confirmed HPVs 5 and 8 to
be more frequently detected in the SCC from organ
transplant recipients [25,41,42]. Two studies [18,43]
showed that B-HPV was detected in a greater pro-
portion of frozen samples compared to paraffin-
embedded specimens. A study [44] using Southern
hybridization and type-specific PCR failed to detect
any HPV 5 and 8 in 30 ¢SCC samples. Another study
[45] did not identify any HPV-DNA in 28 non-gen-
ital SCCs from immunosuppressed renal allograft
recipients. The methodical differences and the
different clinical specimens can affect improved B-
HPV detection [25]. Therefore, the used techniques
(with their own different sensitivities) can explain
the different results, and it is also mandatory to pay
attention to such issues in B-HPV detection while
analyzing the data. Another issue to be considered
is the productive status of the virus versus the higher
DNA (or even its small fragments) detection rate
since this is of primary importance when investi-
gating the role of p-HPVs in cutaneous
carcinogenesis.

Moreover, the studies reported that the sun-
exposed samples showed higher B-HPV DNA
prevalence in both immunosuppressed and immu-
nocompetent individuals, which can help the theory
of a powerful interaction between ultraviolet (UV)
radiation and B-HPV presence [46-48]. Therefore,
both immunosuppression and UV radiation may
elevate the B-HPV activity that is able to promote
the development of cancer [25,49].

The present meta-analysis suffers from several
significant limitations. First, few studies reported.
Second, most studies included a few number of
patients. Third, different methods were used for the
detection of B-HPVs. Fourth; there were differences
in the detected B-HPV genotypes. These limitations
and also the role of age, UV radiation, and
geographical origin of cases could affect the ob-
tained results in terms of B-HPV prevalence and
also create a high heterogeneity across the included
studies.

BioMedicine
2020;10(4):1—10

5. Conclusions

The findings of the present meta-analysis support
the hypothesis that B-HPV may play a main role in
the ¢SCC development in immunosuppressed sub-
jects. The prevalence of B-HPVs in these patients
was 69.1%, and several genotypes (overall B-HPVs
and B-HPVs of 5, 8, 9, 17, 49, 75, 76, and 93) were
associated with an elevated risk of developing ¢SCC
in immunosuppressed subjects compared to healthy
controls. Notwithstanding, it should be noted that
demographic and environmental factors can affect
the B-HPV prevalence. We believe that further
studies are currently needed to include a great
number of participants from different geographic
areas. In order to confirm our results, it is also
important to notice the B-HPV detection methods
and considered genotypes.
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