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1 | INTRODUCTION

Around 5% of all cancers worldwide are caused by infection with
human papillomavirus (HPV; Family Papillomaviridae, genus Alpha-
papillomaviruses, species 4-10).22 HPV is a sexually transmitted virus
infecting only differentiating epithelial cells (keratinocytes), especially
though small wounded areas.> More than 200 types of HPV have
been identified,* of which a number have been linked to cancer
development.® Within the mucosal group of HPV types, a subdivision
exists between low risk (Ir) and high risk (hr). Low-risk human
papillomavirus (IrHPV) types, including 6, 11, 42, 43, and 44, are
known to cause benign genital warts and are much less frequently
associated with cervical cancer.>® High-risk human papillomavirus
(hrHPV) types 16 and 18 are foremost associated with cervical
cancers (~70%), followed by 45, 31, 33, 52, 58, and 35.” hrHPV is
linked to the development of cancer of various origins, including the
cervix (100%), anus (88%), vagina (78%), vulva (24.9%), penis (50%),
and oropharynx (head and neck) (30.8%).2 Though all these cancers
have been studied in relation to HPV infection, this systematic review
only focuses on cervical cancer.

Cervical cancer is the fourth most common cause of cancer-
related mortality in women worldwide.? While approximately 80% of
sexually active people get infected with HPV at some point during
their life,X%1* a vast majority (80%-90%) of infections are cleared by
the host's immune system within 2 years***? (Figure 1A). Briefly, viral
clearance is mediated by CD8" cytotoxic T lymphocytes, primed by
antigen presenting cells (APCs) which take up antigens for processing
and presentation to T cells.*>'* CD8" T cells bind to viral peptides
presented on the surfaces of infected epithelial cells, which initiates
the production of granzymes and perforins, causing apoptosis and
membrane permeabilization of the targeted cell.®

However, in the remaining subset of persistent infections, this
interaction is largely prevented by reduced immune surveillance
within the layers of infected keratinocytes, as well as very low
expression of viral proteins on infected cells.2* Furthermore, while
many viruses’ replication cycles involve host cell lysis, that of HPV
does not need to, given the short lifespan of keratinocytes.'® This
removes an opportunity for release, uptake, and processing of virions
by APCs,'® and also prevents an inflammatory immune response,*®
which would normally release danger signals as a chemoattractant for
other immune cells. HPV-infected cells also show reduced interferon
secretion, removing a key antiviral, immunostimulatory mechanism.®
Such conditions create an environment in which development of

cervical intraepithelial neoplasia (CIN) may occur.®

correlated to clinical outcome, and may become an important biomarker for

treatment selection and response monitoring for cervical cancer.

cervical cancer, clinical outcome, disease severity, HPV, HPV viral load, human papillomavirus

CIN lesions are graded 1-3 based on the degree of dysplastic
cells. CIN 1 is characterized by mild dysplasia within one-third of the
epithelium; CIN 2 by dysplasia up to two thirds of the epithelium, and
CIN 3 by dysplasia from two-thirds up to the full thickness of the
epithelium.

CIN 1 is a benign state of cervical dysplasia associated with viral
replication and conservative treatment recommendations, as it is
expected that 70%-90% of CIN1 lesions will regress within 2-
3 years.!” CIN 2 and CIN 3 are associated with transforming HPV
infections and these lesions may progress to cancer when left
untreated. The 30-year progression risk of CIN 3 is 30% when left
untreated.'® These are true pre-invasive precursor lesions warranting
surgical intervention.*” Progression from CIN 2/3 to cervical cancer is
a process that can take 10-30 years.2® Alongside these histological
classifications, standardized cytological classifications have been
developed known as the Bethesda System for reporting cervical
cytology.2! Each category has defined clinical implications,?? with the
following classifications: NILM (negative for intraepithelial lesion or
malignancy), ASC-US (atypical squamous cells of undetermined
significance), ASC-H (atypical squamous cells cannot exclude HSIL),
LSIL (low grade squamous intraepithelial lesion), HSIL (high grade
squamous intraepithelial lesion), and SCC (squamous cell carcinoma).
The correlations between the CIN grades and Bethesda classification
systems are shown in Figure 1A.2!

The 5-year relative survival rate for patients with cervical cancer
is approximately 67%,2° but is typically worse in low-middle income

countries,?*

indicating a dire clinical need for more cost-effective
treatment and improved screening programs. To maximize therapeu-
tic benefit, predictive biomarkers can help to stratify cancer patients
for improved treatment responses. One such potentially predictive
biomarker is measurement of the HPV viral load in cervical samples.
Viral load is the average amount of HPV DNA present within a
patient's cervical epithelium, which can be expressed by copies per
unit or volume. The viral load has been suggested as a marker in
relation to CIN grade, and progression and clinical outcome of
cervical cancer, such as survival.”?> Although the determination of
HPV viral load is currently not a standard protocol, it could potentially
be of great value in improving treatment strategies and thereby
possibly clinical outcome. A better understanding of the clinical value
of HPV viral load in cancer patients is therefore important for better
treatment strategies and subsequently a reduction in mortality.

In this systematic review, we first give a general overview of the
association between HPV and CIN or cervical cancer, followed by an

in-depth look at the methods and techniques of measurement of
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(A) Pathogenesis from normal cells to CIN to cervical cancer. (B) Historical milestones in the understanding of cervical cancer and

HPV. CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus; HSIL, high-grade squamous intraepithelial lesion; LSIL, low-grade

squamous intraepithelial lesion.

HPV viral load in relation to both precursor and cancer samples, as

well as the reporting and potential clinical relevance thereof.

1.1 | History of HPV

In 1842, Rigoni-Stern described his observation that cervical cancer
was mainly noted in married woman, widows and prostitutes, and
rare in virgins and nuns.?® This led to the conclusion that the
development of cervical cancer had to be related to sexual contacts
(Figure 1B). It was only a decade after Watson and Crick discovered
the molecular structure of DNA,?” that the double-stranded circular
DNA structure of HPV was described.?82? HPV was first linked to

26,30

cervical cancer in the 1970s, and the integration of viral DNA in

the human genome was confirmed by Harald Zur Hausen in

1982.3132 He received the Nobel Prize in 2008 for his important
discovery that HPV causes cervical cancer.

1.2 | Pathogenesis of CIN and cervical cancer

HPV contains a small, non-enveloped circular double-stranded (ds)
DNA genome of approximately 7900 base pairs and consists of
several genomic regions. The early region encodes proteins necessary
for viral replication (E1-2, E4-7), and the late region encodes the
major and minor viral capsid proteins (L1 and L2, respectively)
necessary for viral assembly, and an upstream regulatory region
which is important for viral gene transcription.>® Viral gene
expression is regulated by multiple promotors, enabling the expres-
sion of different proteins at distinct stages of the viral life cycle.®®
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A productive infection with HPV starts when virus particles enter
the basal cells of epithelium via microabrasions. The viral genome
enters the cell nucleus of the infected basal keratinocytes where the
genome is replicated in conjunction with host DNA and maintained as
stable episomes at low copy numbers (50-100 copies per cell).®*
Productive HPV infections may give rise to mild or moderate cellular
abnormalities (CIN 1-2 lesions).?°

A minority of productive HPV infections are able to persist and
lead to the development of high-grade premalignant lesions (CIN 3+),
These lesions are associated with so-called transformative HPV
infections, in which the normal viral life cycle is aborted and the viral
early genes E6 and E7 function as oncogenes. A transformative HPV
infection is frequently characterized by integration of the virus in the
host genome,?° leading to increased expression of E6 and E7. In the
dividing epithelial cells, oncoproteins E6 and E7 function by
interacting with tumor suppressor p53 and retinoblastoma proteins
(pRb), respectively.>>3% E6 binds to E6-associated protein (E6AP), an
E3 ubiquitin ligase, which results in ubiquitin-mediated proteasome
degradation of p53. Consequently, p53-induced apoptosis, DNA
repair and cell cycle arrest are inhibited, resulting in cell cycle
progression. The E7 oncoprotein degrades pRb which results in entry
into the S-phase of the cell cycle, thereby promoting uncontrolled cell
proliferation. The combined action of E6 and E7 on cell cycle control
and evasion of apoptosis results in genetic and epigenetic host cell
changes that ultimately lead to genomic instabilities and the
activation of oncogenes and inactivation of tumor suppressor genes.
These events are crucial for progression from high-grade pre-

malignant lesions to cervical cancer.’” 4!

1.3 | Clinical management of HPV

Detection of abnormal cells within the cervical area and the ability to
distinguish them from normal healthy cells became possible with the
discovery of the Papanicolaou (Pap) smear in 1928. Since 1941 it has
been used as a screening method for early detection of cervical
cancer.*2 The first test to clinically measure HPV was Food and Drug
Administration (FDA)-approved in 1988.%% Since the 1990s multiple
clinically validated HPV tests have reached the market, and in several
countries HPV testing is either an addition to testing with Pap
smears, or it has completely replaced Pap smears.**

Next to screening methods for cervical cancer, in the last
20 years, HPV vaccines were introduced to the global market.*>%¢
These provide protection before exposure to specific hr- and IrHPV-
types. The first quadrivalent vaccine, approved by the FDA in 2006,
prevents infections of both Ir and hrHPV-types 6, 11, 16, and 18.
Eight years later, the second generation HPV vaccine got FDA
approved, adding protection against hrHPV-types 31, 33, 45, 52, and
58. However, the World Health Organization does not expect HPV
vaccination to significantly reduce cervical cancer mortality before
2030,*” because of a long latent period between initial exposure,
infection and onset of cancer, as well as low uptake due to vaccine

resistance, and low vaccine availability in low income countries.*®

1.4 | Clinical relevance of HPV viral load

The first evidence of the link between an increased viral load of HPV
and higher CIN grade was reported by Swan et al” in 1999
(Figure 1B). Interestingly, contrary to the way in which the correlation

? or causation®°),

was stated shortly thereafter (as an association,*
Swan et al.” stated that the HPV viral load is dependent on the grade
of cervical disease. The question remains as to how the differences in
HPV viral load occur or develop amongst patients.

Subsequently, studies have been carried out to investigate the
link between increased HPV viral load and higher CIN grade, and
clinical outcomes of cervical cancer.>® HPV co-infections by multiple
types has, often alongside viral load, been suggested as a factor
affecting progression, citing a lower rate of clearance of the virus in
multiple infections, leading to HPV persistence and CIN 2/3
development.®?>® While some have shown evidence of this, the
key factor seems to be co-infection of HPV16 with other types.>*
This has shown significant correlations to disease increased severity,
more so than multiple infections, as such.’®>>7 A combination of viral
load, HPV viral co-infection status, and HPV genotype, may be
needed to identify patients for better personalized cervical cancer
treatment.”®

The mechanisms by which viral load affects CIN development or
cervical cancer progression are not well understood; however, Cao
et al.>? recently published a study in which they measured immune
biomarkers, including suppressive FOXP3* tumor infiltrating lympho-
cytes (TILs), as well as CD8*/FOXP3* T cell ratios, as a measure of
effector T cell activity. A marked difference was found between high
and low viral load groups of patients, with higher viral load patients
experiencing shorter survival and decreased immune surveillance in
the tumor microenvironment. Thus, the poorer outcome of women
carrying a higher viral load may be explained either by possibly more
aggressive HPV types (i.e., genotypes with reduced immunological
clearance of the virus), or by a reduced local or systemic patient

immune response.

1.5 | Objectives of study

In this systematic review, we have investigated the importance of
viral load measurement in cytology samples taken for cervical
cancer screening/referral, or tissue samples taken for diagnostic
purposes, as well as the relation thereof to disease severity (CIN
grade or stages of cervical cancer) and clinical outcomes (survival
and recurrence). This was done in two groups of studies: those
studying this effect in cytology samples, and those studying the
same in tissue biopsies. We focus on the perspectives of whether
the correlation between HPV viral load and disease severity, and
clinical outcome, improve diagnosis and triage, lead to more
personalized treatment strategies, potentially avoiding unnece-
ssary radical surgeries and interventions. Alongside these, we
have sought to identify trends in sampling techniques and
methods for measurement of viral load, as differences in these
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and other features of the included studies can greatly impact the

results thereof.

2 | MATERIALS AND METHODS

In this study, the Preferred Reporting Items for Systematic Reviews
and Meta-Analyzes (PRISMA) guidelines were followed to enable
thorough, transparent, and unbiased reporting of the findings made
regarding the correlation between viral load and clinical outcomes
and progression of cervical cancer.®® The protocol carried out was
not pre-registered. Exact queries and search strings can be viewed in
Table S1.

2.1 | Search strategy and selection process

Three online databases were searched for the articles included in this
systematic review; namely, Pubmed (NCBI), Embase (Elsevier), and
Web of Science (Clarivate). Within these databases the following
search terms were used: Medical Subject Heading (MeSH) or “/exp”
(Emtree explosion) terms and words in title, abstract or keywords
including “Cervical cancer” or “Cervical Intraepithelial Neoplasia” and
“Human Papillomavirus” and “Viral Load” and Possible clinical
outcome measurements. All digitally available publications were
surveyed up until December 1st, 2023. One retracted paper and
duplicates from databases were excluded. The remaining articles
were assessed for eligibility according to the criteria detailed below.
Literature screening was performed by three investigators indepen-
dently (SFF, XM, ALO), and disagreements were resolved by

consensus.

2.2 | Inclusion and exclusion criteria

Inclusion criteria were full-text, original data articles, written in
English, and published in international, peer-reviewed journals. All
studies meeting these criteria were considered. These articles were
screened for relevance, and excluded if they were not on cervical
cancer or CIN and HPV (including studies on co-infections with
viruses such as human immunodeficiency virus, commonly reported
alongside HPV). If studies only reported results on vaccination or
epidemiology studies, or if they were only method-based (focusing on
method evaluation, performance, optimization, validation, verifica-
tion, or assay comparison), or made use of non-standard sampling
approaches (such as cell-free DNA or plasma detection), or did not
report a correlation between the viral load of HPV and clinical
outcome, they were also excluded from the final analysis, as clinical
outcomes were required to draw conclusions for this paper. There
were no geographical inclusion or exclusion criteria; leaving this
aspect unbiased. Distributions of included studies and counts thereof

are shown in Figure S2.
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2.3 | Participants and study outcomes

Women with a variety of cervical abnormalities were included based
on different cytological and histological characteristics, ranging from
atypical squamous cells of undetermined significance (ASC-US) to
HSIL,%? as well as CIN 1-3 and cervical cancer of multiple histotypes
(squamous cell carcinoma, adenosquamous carcinoma, adenocarci-

).62 These cases were consid-

noma, and neuroendocrine carcinoma
ered both with or without active HPV infection of various types,
based on the exclusion criteria of individual studies. Outcomes
sought included survival of any kind (including overall, disease-free,
and progression-free survival), cancer recurrence, tumor or neoplasia
progression, or other pathological features such as the presence of

positive lymph nodes.

2.4 | Data extraction

The following data were extracted from each article: year of
publication, detection method to measure viral load, definition of
viral load with its unit of measurement, HPV types which were
detected, cohort characteristics, including sample type, disease stage
(if any) and potential exclusion of non-infected patients; number of
subjects and possible clinical outcome with a measure of statistical
significance related to the viral load and clinical outcome. The same
three investigators carried out this task independently. Given the
nature of the extracted data, no further meta-analyzes of any kind

could be carried out.

2.5 | Study quality assessment

All included articles were assessed for quality and risk of bias by three
investigators independently (SFF, XM, ALO). Where applicable, this
was done with the guidelines outlined in the Newcastle-Ottawa Scale
(NOS).4% The NOS assessment scale can be viewed in Figure S1, and
results of this assessment in Table S2.

3 | RESULTS

The PRISMA flow chart showing study identification, selection, and
exclusion, is shown in Figure 2. A total of 2331 articles were found
across the three surveyed databases, of which 1143 were duplicates.
After elimination thereof, 1188 unique full-text English articles were
found of which 113 were included after initial screening steps. A total
of 28 full-text articles were then excluded for the following reasons:
12 described eligibility or optimization of methods to measure viral
load, 9 articles did not measure viral load, and 7 articles did not relate
to any clinical outcome. Finally, 85 articles were eligible for data
extraction, involving a total of 173746 (median: 361; range:

13-47 120) women. in the results of this literature search are
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FIGURE 2 PRISMA flow chart. A systematic review of the viral load of HPV in cervical lesions and cancers, and its correlation to clinical

outcome. HPV, human papillomavirus; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyzes.

reported in Table 1. The earliest included study dates back to 1999,”
while the most recent was published in 2022.5*

3.1 | Detection and quantitation of HPV viral load
Our First observation is that there is a large variation in methodology to
measure HPV viral load. Common techniques used are (quantitative)
polymerase chain reaction ((q)PCR), hybrid capture 2 (HC2), and in situ
hybridization (ISH). Moreover, there is also little consensus on how to
quantify and report viral load, neither within nor between the different
techniques. Some gPCR users report copies per cell, per volume, or per
host genome, while others using HC2 report results as relative light units
per cut off (RLU/CO), and the unit integrated optical density is used more
than once. Furthermore, there are no well-established cut-off values for

»

categorizing a viral load value as “low,” “medium,” or “high.” It is therefore
not possible to compare all results amongst each other. Interestingly, the
categorization of “low” viral load using RLU/CO values generated with
HC2 as being less than approximately 163 or in some cases, less than
1000, can lead to opposite and/or misleading results. Although HC2 is
less commonly used in current practice, when using HC2 to define HPV
viral load, as the majority of studies have done, we recommend the
categorizing for “low” viral load to be <10, given that a positive value is
considered >1. Furthermore, when cytology samples rather than tissue
samples were used to study clinical outcomes of cancer patients, it may
have resulted in similarly misleading results. Noticeably, some studies also
excluded patients who were HPV negative. While in many cases
rationales were given, these omissions may also influence the interpreta-
tion of data, as the ranges of viral load, as well as medians and grouping

distributions would shift.¢87%112

8518017 SUOWILLIOD BAIER1D) 8|ed! dde 3y Aq peusenoh a2 S3pie VO ‘@SN JO Sa|nJ Joj Ariq1T8UlUO A1 UO (SUORIPUCO-pUe-SWB)AL0 A8 1M Ale.q 1 BUIIUO//SAIY) SUORIPUOD pUe SWIB | 843 38S *[7202/20/€0] UO A%eiqi8UIUO AB]IM ‘SPUB|BUIBN 8UeIU00D AQ Ti7262 AWI/Z00T OT/I0p/LI00 A8 1M Atelq 1 puIju0//Sdiy Woy papeojumod ‘9 ‘¥202 ‘TL06960T



10969071, 2024, 6, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jmv.29741 by Cochrane Netherlands, Wiley Online Library on [03/07/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

_Wl LEY—m

MEDICAL VIROLOGY

JOURNAL OF

FOBIAN ET AL.

(senunuo))

,/3ueny
pue 3uenH

o/ 1832 N1

o/ 1€ 19 0eyZ

o, IB 39 onZ

¢, 1€ 39 8uos

2/ 1e 39 8uag

L/1E 32 Wiy

o, 1B 3 e1ed

PRCEERITN

go 1€ ¥
SuenH

o8 19 eneg

9918 ¥
uaswoy |

so 18
uuewneg

ERIEYEIEN|

1000

Z00'0 ‘T00°0

€YE0

100°0>

1000

LEOO ‘¥20'0 ‘9200

96440

su

¢00'0

6000 ‘€000

sAem joq

T'T ulw D ¥H

10000

(sswod3no
0] AjpAndadsal)
HY/HO/YH/2njeA-d

€/T NID 03 T NID woy
paseasdul Ajjuediiudis A

J9DUED [BDIAIRD pue N|D dpels
U8y 40 s 4ay81Y A JoysiH

suolsa| snoJasuedald
Jo uoissaidoud A J9Y3SIH

S0/Sdd paseatdul 1A J3YSiH

G4y paseasoul A J9YSiH

S4Q pasealdsp ‘UoiseAul [BwoIS
R JejnaseAoydwA| A 19YSIH

S4d paseaJd9p A J9YSiH

sjualjed Adeisyjoipes
ul 4@ paseasdul A J9ysiH

S4Q paseatoul A JaysiH

SO pue $4Q paseasdu A PYSIH

Apuediyudis

S4Q paseaJdap Ing ‘4sdued
SAISeAUl 0} uolissasdoud paseasoul
Ajpuedjiusis-uou A J9Y3SiH

8TAdH 40} Ajjuedijiusis-uou pue
‘19oued Ry ¢ NID JO Sl paseasdul
Apuesyiusis IA 9TAdH J2ysiH
SuoISa|

NID 9peJ3-y3iy J0J Sl paseasdul
Apuesylusis IA 9TAH 48YSIH

awo23No [eatul)

julodpug

(9€2) O0S
(202) NID ‘(69) lewoN

(0Z) 492ued
‘(02T) NID ‘(S2T) lewoN

(6€£T) NID (857) umowun

VAI-Tdl (02S) 205

aAl-dl
(S¥T) 22S (TT) DOSV/IV

(¥) 4230 ‘Wil
-ZVI (£€) DOSV/IV (S0€) 22S

zdl-TvI (1) 480
‘(#2) 228 ‘() DDSV ‘(S) OV

(T) Al
9) 1 “(eT) 11 “(2) 1 (T2) 208

aAI-1g1 (TST) DS (91) oV

VAI-Zdl
‘(¥2) DOSV/2IV (¢22) 22S

VAI-I (12) 208

((92) 422ued (06%) € NID
dn mojjo4 Je ‘88z £€) umowiun

(0S) T NID
(SP) lewou (06/) umouyun

Apmis jo

19SIN0 1€ ( = U) 3seasIp |edIAIaD
1o ‘@8e3s 094 ‘9dA} Jdued
uoljewuojul juaiyed

00T<

000T<

00T <

UeIpa|A<

£8€<

GCEI<

00T<

000T<=

PaN<

€1°€91<

000T<

0'00T<

0t30| z'g=

YsiH

00T-TT

000T>-00T

00T>-0T

(L¥DD) 6T 16T
pue (Hy)
1'9G€ = UBIPIN

£8€ = UBIP3N

G'CET = UBIpSN

(8911-9'TC
2ol)
8'G8¢E = UeIpaN

€Teot
= Uelpajn

86'6C11T
= uelpajn
‘01'996£-18°0

6'66-00T

PaN

0T-T

00T>-T

0T>-1T

UBIPIINS

£8€>

G'CET>

007>

000T>

PaIN>

E€T°E9T>

000T>

66-0T

0t30| z'e>

Mo

02/NTd

02/NTY

02/NTY

02/NTd

02/NTd

02/NTd

02/NTd

02/NTY

02/NTY

02/NTd

02/NTd

Jw/2d

S|I33 000T
/3us|eAInba
swouan

snun

¢OH

¢OH

¢OH

¢OH

¢OH

¢OH

C¢OH

C¢OH

C¢OH

¢OH

C¢OH

¢OH

C¢OH

Aesse
Peo|] YNd

poylaw uoidlRqg

(A30]0342) sojdwes |e.sa)a4 10 Suluaaldg

"24N3eJ3}| Ul pa3Jodal SWOdINO [edIUl|d pue A}ISASS 9Seas|p O} SUOIje|a410d pue sasodind [esajaJd Jo Sujuaa.ds 104 paulelqo sajduwes AS0j03AD U] JUSWSINSeaW Peo| [BJIA UO S|ield(

T 314avl



10969071, 2024, 6, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jmv.29741 by Cochrane Netherlands, Wiley Online Library on [03/07/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

3
&
P4
=
% 3SId Jadued pue (02) +
= 06 1B 33 UNg TO'0 IS seseaJsul Ajpuedyiugis A JaysiH TISH “(0T) 11ST (08) lewoN 80> 8'0-2°0 20> |043u0d dAIIsOd/NTY ZOH
Aeary
(St) 49oued -0u’9
‘(e€CT) +1ISH (88TT) aAlje}ljenb siayio ‘seqod
g 1B 39 Suep (pPua13) TOOO'0>  +1ISH Ul Apueoyiusis pasea.oul A TISH (T2Z) TIST (SOST) [ewloN 00T< 007>-0T 01>-T ‘TOH 40} 0O/NTY ‘TOH
AJ1I9ASS UOISS| YHM pasealdul
A ©DDS PUB ‘NID ‘s ((9£) 23S (6TT) NID (991)
gg'€ 30 UBYS 1000°0> 03 paje|a.i0d Apuediy SIHDIAIDD YDIYM JO ‘T9€) SN-DSV 6€°'G8ET = A9P + UedW Xew :paduey oo/NTY ZOH
1B
ZaJeAyY $]0J3Uu02 03 pasedwod sjuafjed € NID (6T) €
-owoouag 20°0/T0°'0 Pue g NID ul Jaydiy Apuesijiusis A NID (8T) ¢ NID (6) [ewioN (#S¥1GT = Ueaw) 088y~ :pasuey oo/NTY ZOH
Aanas NID G'C9 =(+€ NID) ‘'5'€89 = ( NID) ‘€¥E =(T
o€ 30 les| T0O00'0 03 Apuediiusis pajeja.iod A JaysiH (T6) 2/T NID (SLT) sjoluo) NID) ‘£°9 = (|lewJou) uesw ‘¢e9z-z'0 :pasuey oo/NTY ZOH
(7) 490oueD
e’ AaASs NID  “(#T) TISH “(€) H-DSV “(£¥) TIST
sueyd GO'0> 03 Apuedyiusis pajea.llod JA JaysiH (TOT) SN-DSV ‘(#£T) |ewoN GB8ET = JoINd AJIaAss ‘g'98Ze-0'T pasuey 0oo/NTY ZOH
vii-gl
yo'1€ 30 Bue) £22°0 ¥y Jamo| 1A JaYsIH  (2ST) DDS ‘(£) DSV ‘(SP) OV LT'/THE-CT'0 ‘pasuey oo/NTY COH
(TPS) 492ued “(6€T) SIS
eg B3 N 8'LT ulW D ¥O uoissaigosd NID TTA J2y3IH (292) NID ‘(89) lew.oN 00T< 001-0T o1-T oo/NTY ZOH
e P €/T NID Aj|e12adsa ‘g-T NID 4o sazel (¥9) e/z
1uo3LQO 20000 ‘T00°0 ul aseaudul JuedIusIs 1A JaYSIH - NID (89¢2) T NID ‘(282) [ewloN 00T< 00T-TT 01-T oo/NTY ZOH
m PR €/T NID ¥9) €/ 0001 >
m o3IO TO00'0 03 paje[a.40d Apuedtiudis A JYSIH - NID (892) T NID (282) [ewloN ‘000T-TOT 00T-TT 0T-1 oo/NTY COH
= (€2) TISH + H-DSV ‘(502) 1151
2 og B 30 Wi 10000 uoissaigoid NID 1A JaysiH (S62) SN-DSV (762) [ewioN 00T< 00T-TT o1-T oo/NTd ZOH
518 .
2 m LR T NID R [ewiou usamiaq Ajjerdadss
m m soquer L90 ‘apess NID Jaysiy A 8YsiH (88€) SN-OSV 000T-TOT 00T-TT o1-1 oo/NTY ZOH
»
v_.. A 49431y yum (£2) ISH
i g/ 1832 NX 1700 pajeldosse Ajjuesiiusis sem 7|SH ‘(c£€) 1S (96S) SN-DSV 00T< 00T-TT 01-T oo/NTY ZOH
- ERIVEIETEN| (sswod3no awo23no |ealul)d Apnis jo ysiH PO Mo syun Aesse
W 03 AjpA13dadsal) 39S3N0 je ( = U) aseas|p |edIAId peo|] ¥YNAd
YA/YO/YH/=anjea-d 1o ‘a8e1s O9|4 ‘@dAy u9due)
jutodpu3 uoijewuoyul juaijed poylaw uoijdsleag
(A30]03A2) ss|dwes |easa)a4 10 Suluaaldg
(]
N
G (PenuUOD) T 374VL
=)



10969071, 2024, 6, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jmv.29741 by Cochrane Netherlands, Wiley Online Library on [03/07/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

_Wl LEY—m

MEDICAL VIROLOGY

JOURNAL OF

FOBIAN ET AL.

(senunuo)d)

101 18 3° OH

oot B 39 U0

66181
lypemy-|vy

g6 B3
eI

1618 R
3200py

96 1B ¥
Jejoug

<o I8 32 M0z8

ve B3
uRIs|eq

ce1e 3
zouL07

z6 1€
ZapueulaH
-ZopueulaH

6B 3@ Uns

ERIIEYETEN]

su

9200 ‘910°0 ‘T00°0>

1000

1T vy uiw 1D ¥H

T000°0>

sAem yjoq ‘su

T000°0>

1000

8000 #0000
(sswo231n0

03 AjpA13dadsal)
¥Y/40/¥H/2njen-d

SuOoIS3| sNoJadued
pasea.oul 03 pajeja1lod A YsiH

SUOIS3| |eDIAIDD
10 AJLI9ASS 9yl YlIMm pajelaliod
Apuesyiugis £6/9T/8SAdH 40 A
A30]03A2 |ewsouge yjm
pajernosse Ajpuedyiusis JA J2Yy3iH

+Z NID Ul Jaysiy

A :S2dA] JaY3jo Sse [|]om se ‘9TAdH
SuoIS3|

€ NID YHMm paseadul A 9TAdH

suo|sa)
€/T NID YHm pasealdul A 9TAdH
90UaPIdUl S9SEIIBP PEO| YSIY I)Iym

20UapIdUI S3SERIOUL A WNIPIA
‘uoissaidoud IS 1pa4d 30U pIp A

€/C NID
0} pajeja1i0d Ajpuediiusis JA JBYSiH

JoaJayy dsu 1pasd

sl 121paad jou pip NG ‘+ € NID
4O s paseauoul Aj3uouis A 19Y3iH

9peJs NID yum
Apueayiusis paseasnul A J9YSiH

suolsa| JadJe| pue +7|SH J0 Ysu
saseasoul Ajpuedyiudis A 19YysiH

awod3No [ea1ul)

jutodpu3

((95) 22S 9)
DSV (8) DV Y21um Jo ‘0/) dAl
-TVI (0%) €-T NID (SZ) [eutioN

(r6€) 12yr0

(S£) 221 (602) € NID

{6TT) T NID (ST2) T NID (0£S€)
uonewweyul (S9TE) [BWLON

(€) DV “(£) 228 “(¥T) 1ISH
€0T) ST (8T) 29V (T9) DSV

JadUed—¢ > NID

(€68T) TISH
(916 6T) TIST (18¢C ST) |euLioN

(8£7) 1ISH
(86) ST ‘(€) 29V (62) H
-OSV ‘(92) SN-OSV ‘(62) [ew.ioN

(80¢€) ST
/SN-JSV ‘(9€7) [ewloN

(T21) 1S1/SN-2SV
(8) umowyun ‘(zg9) [ewloN

(88) +€ NID (€582) [BWION

(¢81) €-T NID (Z8T) [ew.ioN

(2€) TISH (6T) 11S1 (22) [BWION
Apnis jo

19SIN0 Je ( = U) 3sesasIp |edIAIdD
1o ‘a8e1s O9|4 ‘@dAy u9due)
uoljew.ojul Juaned

00££-T€0 :pasuey

V/N

66'£-8€°0 :pasuey

G-T Jo |eds :pasduey

ys1y ‘S3eIpawIajul ‘MO] :SaNJeA JaAISSAQ

V/N
V/N

00T< 66-0T 6-T

000T< ‘00T< 007>-0T 01>-T
9€-0C 0Z-T10T 07T-T00
001> 001-90 90>

YsiH PaN Mo

swoua3
Je|n|@2 jo 3ri/saido)

SaNjeA oo T

ri/saidod £-20T

Ajisuajul

Jeusis uoneziplgAy
aprospnuosi|o
10|19 30@

Aysuajul Sulurels

jos3u0d aARIsod/NTY

Jos3uod aAIsod/NTY

jos3u0d aARIsod/NTY

JoJ3u0d aAIsod/NTY

JoJ3u0d aAnIsod/NTY

]0J3u0d aAlIsod/NTY

spun

¥0db

¥ddb

¥ddb

¥ddb
‘HSI

Aeuse
Jeaul| ‘HS|

¢OH

C¢OH

¢OH

C¢OH

¢OH

C¢OH

Aesse
Peo] YNAd

poyiaw uoida3aqg

(A30]03A2) ss|dwes |easa)a4 10 Suluaaldg

(panunuo?)

T 314avl



10969071, 2024, 6, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jmv.29741 by Cochrane Netherlands, Wiley Online Library on [03/07/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

FOBIAN ET AL.

MEDICAL VIROLOGY

JOURNAL OF

10 of 23
0B | \wiLEY-

zir 183
euldsQ
-Oly [2d

prr1E 39 Wiy

Oﬁa._m 12
Mwyds

m.Oﬁ._m 1
Mwyds

gor 1% ¥°
e20lD)

cor B4
3uepn

gor 18 3° M

mOﬁ._m ¥
swel||IAM-Nou
-Ipuejsuo)

vot 1B ¥
woJjspung

gor 1€ 39
p1eqo

zor 1€ 40
3unay)

ERIIEYETEN]

9T'T ulW |2 dO

100°0>

S0'0>

T000°0>

1000

1000

(uoneposse) Go'0>
‘(s9ouaiayip) TO'0>

GC'T ‘8E'T UW D ¥H

su

S0'0>

su

(sswo231n0
03 AjpA13dadsal)
¥Y/40/¥H/2njen-d

syuaned 9TAdH
JA MO| Ul JusnbaJy aJow SUOISaT]

SUoIS9| +7|SH 01 pajejallod
Ajpuesyiugdis 86/81/9T AdH 40 1A

TISH 03 TIST ‘SN-JSV 03 |ew.ou
wo.y paseasnul JA AdHAY 12YsSiH

+€ NID Ul Ajjeidadsa
INg ‘Z/T NID 0} uolje|2.4100
juesiusis A AdHAY 42YSiH

sty

ueyy ISH i Jaysiy Apuesiusis A

T NID/TIST "SA 493ued

pue g/ NID Ul Jaysiy Appueoyiusis

TA $3dA3 Jepuis pue 9TAdH

TISH pue IS ul payead
pue QDS 03 [ewlou wo.ly spesd

[e2180]03S1Y UM $3583.10U1 TA AdH

IS NID Pasessoul yum
paterosse A 8T/9TAdH 42YSiH

sisougelpaud

A QT sased 1aoued aAIsod-9TAdH Ul

Ajsnonuijuod paseatoul JA 9TADH

(S0°0 > d) opess
A30]03A2 yum pajeidosse
Apueayiugis A 8T/9TAdH

J9dued 0} uoissaidoad
I NID YHMm saseasul A ¢SAdH

awod3No [ea1ul)

jutodpu3

(€) +¢
NID (95) T NID ‘(4TT) [ewLiON

(9T2) 490UED
‘(£8) TISH “(6ZT) [ewloN

(0TT) SH (PTT) ST
(9€T) SN-DSV (€T6) lewIoN

(6¥) € NID “(£2)
Z NID “(62) T NID dn-mojjo4 3e
(00T) SN-DSV (666) umousiun

(TT) 23S 3 (€8) €/T NID Ydaiym
30 (76) TSH ¥6 (4) | NID/IST

(6¥T) 42dued (6%8) €/
NID (I8%T) T NID 24om sajdwes
pa1jul-AdH (8TS ST) 8301 3O

(T5) DV (02S) 228 ‘(26€)
TISH “(602)11S1 (THET) ewLoN

(TT02) SN-OSV

(5101U03 /Gt ‘S3SED /GF) DS
(s1043u0D TZ9 ‘s3s€d TZ9) SID

(TeT) 490Ued (59)
TISH “(89) T1ST (8T) SN-OSV
(92) umowun ‘(Gg9) [ewioN

(T) OV “(67)

20S ‘(£2) € NID PeY £Z (02)

Z NID (T) T NID (CT) |ew.oN
Apnis jo

195)NO0 3e (= U) 3seasip [edIAID
1o ‘a8e1s O9|4 ‘@dAy u9due)
uoljeuLiojul juaijed

GOT< S0T-0 0>
$|0J3u0d 5|0J43u02

4o 9|13uadJad 4O 9|13uadiad
Y108< y108>

9t°0< 90>

St'0< Sv°0>

998€°T = PloYysay} aduedIusis

g~-T~ :paduey

9~ = A9p + UesWw Xew “_uwMCmM

86€ LEE-T :pasduey

juspuadap uoljeanp Apnis

(9TAdH)

000 00T~ 3 (8TAdH) £85 058 €€ = Xew :paduey

C18 699 T = UBIPSIN ‘896-1719

YsiH PaN Mo

[193/s31doD 40db
[193/s81doD dodb
[193/s31doD d0db
193/s91do) ¥0db

VNQ [e30}
jo 3uopg/saldo) ¥0db
s|1®> 000 0T/s31doD ¥0db
s|I2 000T/s91doD ¥0db
s|I92 0001 /$91d0D ¥Ddb
1192 Jo ri/saido) ¥dodb
ri/saidod y0db
ri/ss1do) YDdb
syun Aesse
Peo| YNa

poyiaw uoida3aqg

(A30]03A2) ss|dwes |easa)a4 10 Suluaaldg

(penupuod) T 374dVL



10969071, 2024, 6, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jmv.29741 by Cochrane Netherlands, Wiley Online Library on [03/07/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

—Wl LEY 11 of 23

MEDICAL VIROLOGY

JOURNAL OF

FOBIAN ET AL.

(senunuo)d)

95 B3
ojodd04g

et B ¥
1yonSeweH

sz 18R
uo0ss4asof

omﬁ._m ¥
OleHIA

el
uing uea

grr 18 321X

NHH._N e
jedemeueln

yo'lE 39 0Bl

oaﬁ._m 12
siapliug

st
niduoue

vﬁﬁ._m 12
W3IYIS

erp 183
sapaJed
-ZaJenY

ERIIEYETEN]

S0'0>

€000 ‘T000

g'gT Ui
03 dn T'T uw D YH

su

00

su

su

1000

1000

100°0>

Jaquinu Adod
J3y31y 404 6°T 1D %56 UY

G/'C ulw |5 pue T000'0>
(sswo231n0

03 AjpA13dadsal)
¥Y/40/¥H/2njen-d

apeJ8 A30]03A2 yum Apuedijiusis
saseadul A T€/9TAdH

uolssasdoud uolsa|
|e21AI2D saseaudul A 2S/9T AdH

S1D Suidojansp
40 Ajljiqeqoud saseaudul

Apuesylusis JA 9TAH 48YSIH

ewoudied uidojaAap jo Ajljiqeqouad
sasea.oul TA 9TAdH 42YsSiH

T >NID SA

€/2 NID Ul pue sased Jaoued

ur Jay3iy Apuesyiusis A 9TAdH

3SH € NID saseasoul A J9ysSiH

uojssaidoud
uoIsa| [B2IAI9D Ypm Apuedijusis
-uou saseaudul A Joy3iH

suolIsa| +g N|D 03 uolje|a.10d
Juedyiusis sey JA 9TAdH 49YSIH

€ NID yim

pajernosse Apuediyiudis JA AdHAY
A30]03A2

JewJouge yym pajedosse A

1S Joy
s pasealoul A AdH J9ysiH

9TAdH
Ajje1nadss ‘ +7ISH 40 >su juediiusis
Yam pajerdosse A JaysiH

awod3No [ea1ul)

jutodpu3

(GT) 492U€D

‘(¢ST) TISH ‘(002) TIST
(S0T) SN-DSV (SZT) [ewoN

(0T) SH “(¥T)
T1S7 (S) SN-DOSV (6T) [ewioN

(8L) ewouIED (809) [03U0D

(8£) ewoupied (g09) |043u0d

(8¢) €/¢
NID (§¢) [043u0d = g dnouD (ZT)
€/ NID ‘(£p) 1013u0d = 7 dnou

(87€) 1S (€0S) SN-DSV

(T€) 490UEd/€E NID (S) T NID ‘(%)
T NID “(6€) lewou (/) |043u0D

(S€T L1) SN-DOSV

(S2T1) +2
NID (£€) T NID (¥£9) |ewioN

(0£1) TISH
(£2T) ST (S9) lewloN

dn-moj|oy
38 7ISH/1IST (1802) [BWION

(8) SID “(8€) TISH ‘(1€) ST
‘(ET) SN-DSV ‘(6) umouxun ‘(gg)
uonewweyu| ‘(%) anresaN

Apnis jo

19SIN0 Je ( = U) 3sesasIp |edIAIdD
1o ‘a8e1s O9|4 ‘@dAy u9due)
uoljew.ojul Juaned

UeIpSN<  /OET = UelpalN uelpain >

¥680°€1-5¢100°0
(TSAdH) :£6595°96-09000°0 (9TAdH) pasuey

0'05-6'6€> pasuey
c9'6€> 09°G¥<

(€/2 NID) 99€ ‘(jew.ou)
91° = SP|oYsaJy} aouediudis  g3y-G :pasuey

Ov'v-£2°0 :paduey

19'7/-/LT'T :pasuey

GT'C = UBIPAN ‘0'8Z-TC'0 :pasuey

4
-£'/08S-T00>
:pasuey

(2'0) 3|nusd1ad
PIEE = ploysaiyy aouedylusIS

G9'€Z-10'0 :pasduey

000T<
‘000T-TOT 00T-TT 01-T
6L°L9E€T<  G'TET =UBIP3N 6LL9ETS
YsiH PaN Mo

S|1®3 000 0T
/sawousd AdH

VNQ d1wouad
/sa1dod AdH

anjea 1D

anjeA 1D

adeuds/saido)

VNQ Je|nj|ad
Jo 3u/saido)

|192/sa1do)

|1I92/s91doD

|1I92/s91doD

|1I92/s91doD

|192/sa1do)

|192/sa1do)

spun

¥ddb

¥0db

¥0db

¥ddb

¥0db

¥ddb

¥ddb

¥0db

¥0db

¥0db

YDdb

¥ddb

Aesse
Peo] YNAd

poyiaw uoida3aqg

(A30]03A2) ss|dwes |easa)a4 10 Suluaaldg

(panunuo?)

T 314avl



10969071, 2024, 6, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jmv.29741 by Cochrane Netherlands, Wiley Online Library on [03/07/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

3
5
z
<
[an]
(@]
'S
szl suolIsa| snouaduedaud (#9T) 490u€d
uogele\ TT'T Ul 3 40 YHm saseadul A 1€/8T/9TAdH (S6€) €-T NID (€£) lew.oN 000T< 03 TO'0> Woly soli03a1ed 9|eas3oT] [[93/s31dod 301 ¥Ddb
apeud
[ea1Sojoyied [edIAI9D UM SaseaIdUl (zzT) 490uED s|[92
gzr BRI T00'0> 1A 8S/€5/CS/1S8/€€/TE/8T/9TdH (S84) €/Z NID (1282) T NID G'9-£'T :paduey 000°01/s91d0d 307 Y0db
paddepano
sjuajed ¢ N|D pue s|oJ3uod (ausjeainba |92
szv 1839 UeyD sAem 41oq ‘su  Ing ‘g/T NID Ul u9as sem A JaysiH J90ued—T NID 9G = UBIP3IA G30'6-T00 J0) ri/saidod 807 ¥Ddb
Ayljewouqe (6¥T) €-C
/1B 39 uemg su  [elpynda yum paseasdul A 9TAdH  NID (94T) T NID (0£2) [euioN V/N  V¥NQ 8ri/sa1dod 3o ¥odb
A80]03A2
|e2IAIRD JO AJIaAas Suiseadul o) (#€) 1ISH ‘(£2T) VNQ -ejnj22 Su
oz1 1€ 19 IX T00'0  Apueoyiusis pagejaaiod JA 8TAdH  1IST (28) SN-DSV (09) lewioN T9'9-2T'T :pasuey  /8TAdH so1dod 507 YDdb
€-¢ NID
0} paJedwod JusWdo|aASp Jaoued
|E2IAID DAISEAUI O} Paje|a.i0d
sz1 1B 3 OH 100°0 ‘€000 2200 Apuesyiudis z6/81/91 AdH (T8) 492ued ‘(£6) £-T NID 67 =(2S) ‘9L°€=(8T) ‘ST'¥ = (9TAdH) UeIpaN 93 saidod 307 YDdb
9TAdH Aljedadss ‘4soued jusleAInba
s 1B JO XS1I paseasdul paipnis sadAy awouad uewny
319goIN 10000 AdH 343 Jo 350w JoJ A J3ysIH (£S¥) SID “(2§6) sloauod  sjpusdIad YIGL uesN  9jusdIad Y /sowouss AdH YDdb
m 90udsaud JaoUED AAISEAUL Jua|eAINba
m N R E) UM paje[aiod (3a18ap juediyiusis awouas uewny
= 813qoN 10000 $53| € 0} 49430 pue) TA 9TAdH (T0Z) 225 (6+¥0T) S|043u0d 0T< 0T-1 1-0 /s3wous3 AdH dodb
>
& (T¥ 3 6) umouyun
5[ ezr 1€ 19 SuoIsa) [e2IAI9D Speus 3 13y30 (S8) € NID ‘(i7h)
g
m m Japueld $290°0 49431y yum pajeidosse st JA 9TAdH 2 NID (TT) T NID (L) [ewioN Y61¥-610°0 :paduey [[92/s3Wousd AdH YDdb
=)
=3
= _M NNﬁ._m ®
S zounjp sSuoIS3| [ed1AID apeus Jaysiy ypum (€) 422ued “(HTT) NID s|[92 000 OT
58 -S9PINIRAO T000'0> paielposse Apuesyiusis st A 9TAdH dn moj|oy 38 ‘(76Z) umouun G< 30] G-€ 30| €5 30 /s3Wousd AdH dodb
.|
p— ERIIEIET )| (sswod3no awol3no |ealuld Apn3s jo ysiH PO Mo syun Aesse
W 0} AjaA3dadsau) 195)NO0 3e (= U) 3seasip [edIAID peo| YNa
YA/YO/YH/=anjea-d 1o ‘a8e1s O9|4 ‘@dAy u9due)
juiodpu3z uoljeuLiojul juaijed poyiaw uoida3eqg
o (A30]03A2) ss|dwes |easa)a4 10 Suluaaldg
N
o (ponupuod) T 374dVL
Aal



10969071, 2024, 6, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jmv.29741 by Cochrane Netherlands, Wiley Online Library on [03/07/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

—Wl LEY 13 of 23

MEDICAL VIROLOGY

JOURNAL OF

FOBIAN ET AL.

(senunuo))

ocr 1€ 30 O[IIT 5000 sapou ydwA| aaisod ut A YsIH - glll-dl {(6) 23S ‘(T) DISV (€) IV 1T = 4% 8u/sa1dod 801 ¥0db
I RE ZNID
uossJapuy su 0} T NID wody aseasdul A Joy3iH -1 NID (0°6)30]-(0"2-)30| xoiddy :paduey 1192 Jad sa1dod 307 ¥yodb
¢l 39 ueyn 9100 N paseatoul 1A J3YsSiH vil-gl {(ST) 20S 0S1 = UBIPSIN ‘008T-CT :pasuey 199/531d0D 40db
S1eaA g> SuIAIAINS
asoyj 03 pasedwod A 8T 10
cerle 3 9T AdH Ul 92UsJajip & 9AeY J0U pIp vii-1dl
uaig|yeq su  sjuaned SUIAIAINS (SIE9A G) JaBU0] ‘(PT) 22S (S) ISV ‘(S) oV 6'9€-200°0 :pasuey 192/s81do) YDdb
vmﬁ._m 12
[n3xuneuIs 8200 S4@ paseauul A JaysiH VII-al (12) vO3IN G< - G> 192/s81do) YDdb
(02s-1IS1)
Co_mmm._wo\_n_ uoiss| 0} >_ucmu_tcm_m
(puaan) -Uou pue eise|dsAp [eljayyda (62) 20S (0DS) S0-9159£5°0F TLTSE'E PUe (1ISH) SO
ecr B3 DM G0'0< ‘(elsedsAp) 50'0> 03 paje|aLi0d Apuedtjiudis A (9%) TISH (2S) T1ST°(0T) [BWION  -929265°0 ¥ €9£80°€ (11ST) G0-9€£189°0 ¥ TSTE9'T sanjeA , o ¢ ¥odb
Nmﬁ._m 12
e|yey 20 900 SO/Sdd paseasdsp A JaysiH 1 (6€) 228 (S) DV Y31y 3 MoJ :sanjeA JaAISSqO |oJjuod/azis pueg ¥2d
Alianss jou (¢S) +Z NID (SET) T NID €¥'9ST = (Il NID) ‘S¥'9¥T = (1 NID)
1ep 1€ 30 997 T00'0  Inq 22uasaid N|D 03 Pale[aiiod JA  (Z9T) [BWHON UY2IYM JO SN-DSV  ‘89°Zi = (|BWION) SUBIPSIN ‘L' TOLZ-+8°0 :pasuey 0o/NTY ZOH
ERIENETEN] (sswod3no awol3no |esiuld Apnis jo ysiH PN MO syun Aesse
0] AjpAndadsal) 39S31N0 je (=U) 3seasip |edIAID peo| YNd
YA/HO/dH/=anjea-d 1o ‘98e3s 0|4 ‘@dA3 J9due)
julodpug uoljewuojul juaned poyiaw uondaleg
(anssny) sajdwes Asdoig
a.njeJayl] ul pajiodal awodINo [ealul]d pue AJI9ASS 9seasip 0} suolje|a.10d pue sasodind d13souselp 10) paulelqo sajduwies anssi} Ul JUSWSINSEIW PEO| [BJIA UO S|ie3aq :g
A/
0Dl 'SA [ewuou pue 1/|09D14/SI1D
oer B39 /€/T NID 'SA [ewLiou Joy uoissaigo.d (62) AI-1I1 (6€) 11-1 (52) SID
WeJuep 1000 ‘2000 Jowny spipaid JA 9TADH  /€/2 NID (6T) T NID ‘(6) [ewioN T'L-T°E paduey [eudis 93 307 YDdb
€/T NID 40 (L¥¥) umouxun
u:mEQO_Q?wU JO )SU Y3IM pajeldosse ANHNv SH A._“OD 1S A<ZD Je[n||=d
cB 391X nd PTT UW D YH aJe SIA Jejiwis pue 9TAJH (269) SN-DSV (578) |ewioN TE'G = A9p + UeaW xew :paguey 8u/sa1dod 30| YDodb
ERIVEIETEN| (sswod3no awo23no |ealul)d Apnis jo ysiH PO Mo syun Aesse
03 AjpA13dadsal) 39S3N0 je ( = U) aseas|p |edIAId peo|] ¥YNAd

YY/YO/YH/enjeA-d

jutodpu3

1o ‘a8e1s O9|4 ‘@dAy u9due)
uoljew.ojul Juaned

poyiaw uoida3aqg

(A30]03A2) ss|dwes |easa)a4 10 Suluaaldg

(panunuo?)

T 314avl



10969071, 2024, 6, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jmv.29741 by Cochrane Netherlands, Wiley Online Library on [03/07/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

3
£
z
=
[}
(@]
'S
‘PeO| |BJIA “JA ‘ewouldied
1|92 snowenbs ‘QDS ‘dMsia1deleyd 3uljesado AL ‘DOY SHUN Y3 dAIERS ‘NTY ‘AW01D249ISAY [edIpel ‘HY ‘uoijdeal uleyd asesswAlod (aA1renuenb) ‘YDd(b) {|eAlnuns aaaj-uoissaidoud ‘S4d ([043u0d aAIsod
‘Dd ‘[BAIAINS ||BISAO ‘SO ‘01184 SPPO ‘YO ‘BWOUIIIED BULIDOPUS0INaU ‘DTN ‘Suoisa) [eljaylidaeliul snowenbs spesd-mo| “1|S7 ‘A30|01Ad paseq-pinbi| ‘DgT ‘uonezipligAy niis ul ‘Hs| ‘Ajisuap [eanndo pajesdajul ‘qol
{(ggWdIsAs epsaylag 3y} uisn AS0[03Ad [ewoude Jo sUljel ale T|S-H/T PuUe DOV ‘H-DSV ‘SN-DSV) suoiss| [eljayidaesjul snowenbs apeis-ysiy “1ISH -oles piezey ‘YH :sniiaewojjided uewny ‘AdH ‘g a4n3ded
PLGAY ‘ZDH ‘[BAIAINS 9344-95e3SIP ‘S{ ‘4J0INd ‘QD ‘eisejdoau [eljaypidaeaiul [B2IAISD ‘N|D ‘[eAISIUl 92USPIIUO0D ‘D ‘AdeISyIoIpeIoWaYd JUSLINJUOD ‘| YD DIuediiudis paulwislapun Jo s||92 snowenbs |edidAle
‘SN-DSY ‘uolisa) [eljayiidaesiul snowenbs speas-ysiy e apnjoxa jouued ‘s|[22 snowenbs [esidAle ‘H-DSY ‘ewouldled |92 snowenbsouape ‘)DSY ‘5|19 Jejnpue|d |edidAje ‘)OY ‘ewouldiedouspe QY :suolieinalqqy
",0} Pa1e|a.LI0d, BJOUP ¢—, SMOLIY !, SISEISEIDW PUE ‘UOIIEDO
‘uolseAul ‘azis uipnjoul sal3slia3oeIeyd d1dodsoudiw pue [esiSojoyied uo paseq ‘sauljapingd 8T0Z (ODI14) $21123SqO pue AS0|023UAS JO UOIjeIapa- [BUOIJRUIDIU| BY) 0} SulpJodde pade)]s ale SIaoued |eDIAIRD) 910N
e7 |B 32 0€D 1000 SO pasea.dsp 1A JaysiH ali-a1 (911) 205 SLYELS-6'€6CT pasuey aol HSI
65 I 39 0ED 1000 SO pasealdsp A JaysiH ai-al %05 < - %05 > daol HSI
I 03 | 094 woJj uoissasdoid
ger B3 UM paseaJdul 0s|e :S|043uod ul 1eyy (g8) 490ued oljes
3Sueyd 1100 ueyy usy3iy ssjdwes 4adued ul JA - (62) S|04IU0D 1eM (9Z) S|0Ju0D) 99€6°T-00°0 :pasuey  YNQ dlwouad/[edip ¥odb
WVNQ dlwoua3d
$|043U0d '98°6 = (5|043u02) 3u 00T
os B 3° sed TOO'0 'S sosed ul uaysiy Apuesyiugis A (¢ST) 492ued ‘(£8) sjos3uo0d ‘TT°LT = (s9sed) SUBIPSIN ‘79/'CT-9€L°E pasuey /VNQ [ediA 807 y0db
$911039182
(s2dAy Jay0) 9SES3SIP S} $S0J40E PIAISSGO (62) D08 (€€) € NID (82)
m se1 B 39 0N ¥£°0 (9TAdH) ST°0 A Ul s92UBIaIp JuedIUSIs ON T NID (£2) T NID (0Z) [ewioN V/N [eusis 93 807 ¥0db
m ERITENETEY| (sswod3no awod3no [estuld Apn3s jo ysiH pPaN Mo syun Aesse
m 0] AjpAndadsal) 39S1N0 je (=u) aseas|p |edIAId peo| YNA
= ¥Y/40/¥H/2njeA-d 1o ‘@8e3s 094 ‘@dA} Jadued
2l M julodpu3 uoljeuliojul jusijed poyiaui uonid93eqg
M = (anss1y) sajdwes Asdoig
m m 24n3eJ9)l| Ul pajiodal SW0d31NO0 [ed1uld pue AJLISASS 9seasIp 03 suolje|a140d pue sasodind dnsouselp 10) paulelqo ssjdwes anssi} Ul JuUswWaInseaw peoj [BlIA Uo sjielaq :g
]

(penUUOD) T 374VL

14 of 23
“oB | \wiLEY-



FOBIAN ET AL.

Cytology samples collected for screening
or referral purposes
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Tissue samples collected for diagnostic
- purposes
=_ =_ =_ =_ =_ =_ =_ =- =-
ml =l =l =l =0 = =§ =§ =5
=N EN =S =6 =6 =E =8 =8 =8
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Legend
Low viral load High viral load
— ——
| |
] =8
p <0.05 n.s no trend n.s. p <0.05
OR<1 OR>1
HR<1 HR>1

FIGURE 3 |lllustration of data collection and the correlation between the viral load of HPV and clinical outcomes. HPV, human

papillomavirus; HR, hazard ratio, n.s., nonsignificant; OR, odds ratio.

3.2 | Higher viral load correlates to more severe
disease and worse clinical outcome

The majority of studies (72/85=84.7%) used cytology samples
collected for screening/referral purposes, from 172227 women
enrolled. The remaining studies (13/85 = 15.3%) used tissue samples
taken for diagnostic purposes, from 1519 women. The differences
between the sample types, and their association with disease severity
and/or clinical outcomes are discussed in the next sections.

In general, there is substantial disparity in the sampling
purposes, testing methods, and viral load quantification (“high,”
“medium,” and “low”) as a prognostic marker in cervical cancer.
However, despite these differences, the vast majority (87.1%;
74/85) of studies found a trend towards poor prognoses with
higher viral loads, which includes CIN grades, or higher stages
(disease severity) of cancer, worse overall survival, disease-free
survival, progression-free survival, or higher recurrence rates
(Figure 3). No differences in correlation were observed between
both larger and smaller cohorts, and older and more recent
studies, which implies that even with smaller populations and
improvements in technology, trends have remained similar.
However, the screening of a wider range of HPV types, using
both HC2 and gqPCR methods, will likely improve reporting of
such information as is contained in this review, especially in terms

of cutoff values and methodology. Notably, some studies also
resolved to exclude non-HPV-infected samples from their
analyzes. While this is a logical choice for viral load analysis, a
study carried out in a larger cohort should be reported alongside
healthy controls, to prevent bias. This also increases the
discordance between results. Last, it was found that several
groups studying biopsies made efforts to exclude non-neoplastic
tissue from analyzes.’?'13* The same would be impossible for
cytology samples, affecting findings, and therefore it is strongly
discouraged to compare results between these two types of

sampling methods.

3.3 | Cytology samples: Higher viral load correlates
to disease severity

Of the 72 articles listed which studied cytology samples taken for
screening/referral purposes, 62 (86.1%) noted that a higher viral
load was linked to (a higher) CIN grade or cervical cancer stage.
These were used to determine the difference between normal
(healthy) cells and abnormal cells, CIN 1-3, or cancer. Moreover,
a clear majority used approximately the same cut off RLU/CO
values for grouping viral load levels, namely for “low” 1-10,
“medium” 11-100, and “high” 101-1000. Of these 62 articles
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that concluded that a higher viral load was linked to a higher
disease severity, 30 studies found that a higher viral load was
only correlated to a higher CIN grade, but not more severe stages
of cancer, and 29 studies reported a higher viral load being linked
to a higher CIN grade and/or cervical cancer. In two of these
studies, no correlation between viral load and CIN grade or
cancer was found, and one reported the opposite correlation,
noting an increase in presence of lesions among that population
with decreased presence of HPV16.112 This is, in fact, particularly
unusual given that 27/72 (37.5%) articles specifically cite that
especially HPV16 is primary driver of the observed increase in
severity,65:66:105.120

In 12.5% (9/72) of the above articles, cytology samples were
used to investigate a potential link between viral load and clinical
outcomes, including disease-free survival and recurrence rate. A
trend towards a less severe clinical outcome was linked to a higher
viral load in 7 out of these 9 studies, a result strikingly opposite to the
majority. A possible explanation for such a discrepancy could be that
this sampling method (cytology) should not be used to evaluate
clinical outcomes such as survival of cancer patients. Moreover, it
was evident that these studies, all of which measuring DNA via HC2,
had categorized their “low” HPV viral load group as <100 (or even 10-
fold higher), whereas many other studies have a cut off at <10. This

once again emphasizes the need for consistency between studies.

3.4 | Diagnostic tissue samples: Higher viral load
correlates to worse clinical outcome

In 13 studies, with a total of 1519 women enrolled, biopsies were
collected from patients for diagnostic purposes to determine the
cancer stage and type to decide what treatment plan they should
receive. Most of these studies used gPCR-based methods to
quantify and demonstrate the detected range for the viral load,
and actively excluded non-cancer cells in their analyzes. In the
majority (11/13 = 84.6%) of included articles, an increased viral
load correlated to higher stages of cancer (median: 128 patients/
study, range: 13-349 patients), and to a worse clinical outcome.
The disease outcomes included significantly worse overall
survival (p =0.02; p=0.001; p =0.001), progression-free survival
(b =0.04), progression of cervical cancer (p =0.011), and presence
of positive lymph nodes (p =0.016; p = 0.005).

Only in one study (Siriaunkgul et al.**%) was a lower viral load
correlated to a worse treatment outcome (shorter disease free survival,
p=0.028). However, the cohort in this study only consisted of 21
neuroendocrine cervical cancer patients. This is a rare and aggressive type
of cervical cancer. All patients were HPV18 positive, and only a few
patients had co-infections with HPV16, which is notable because it is
more likely for the positive correlation between a high viral load and
worse clinical outcome to be observed in cases with HPV16 infec-

33,126,134,140

tions, which could explain the opposite correlation observed

in this study.

4 | DISCUSSION

The majority of published studies show that a higher viral load is
associated with more severe disease or poorer patient outcomes,
such as worse survival. Even though there was a large variety in
different sample types, methodology, definition of HPV viral loads.
Moreover several studies, in which patients biopsies were collected
for diagnosis of cancer, efforts were made to actively exclude non-
neoplastic tissue for analyzes of HPV viral load. This was not possible
for cytology samples, possibly explaining the discrepancy in survival
when correlating HPV viral load with samples obtained for screening/
referral purposes (mainly cytology samples) or diagnosis of cancer
(mainly biopsy samples).

CIN and cervical cancer were taken together in this study
following the same practice having been followed and published in
several of the included papers relating viral load to severity of disease
in those studies that used cytology samples. Specifically, long-term

66,125,129,130 76,89,98 studies,

follow-up and retrospective/prospective
where progression to higher grades of CIN (2+) and cervical cancer
was reported to be significantly linked to higher HPV viral load as a
risk factor. Others reported the same trend, albeit not statistically
significant.'*” Several non-longitudinal, observational, or cross-
sectional studies followed the same inclusion of disease states from
CIN 1 through to invasive cervical cancer using both cytol-
ogy’778:83:8599101-103,106-108,128

approach yielded a body of evidence upon which sufficient

and tissue samples.®31%7 This

conclusions could be made. To study viral load in relation to clinical
outcome of cancer patients both studies using cytology and tissue
samples were available, all but one of which reporting a tend for high
HPV viral load increasing risk of progression to higher grades of CIN
or cancer.

The mechanism by which the above takes place is of interest, and
may inform the way patients are managed and stratified. This, along
with multiple infections and the integration status of the virus

(episomal or integrated), 108141

are being investigated widely as
diagnostic and treatment outcome biomarkers in cervical lesions.””
Higher incidence of HPV has been found in patients with primary and
secondary immune deficiencies, supporting the crucial role of the
immune system in the control and clearance of HPV infec-

142-144 \while HPV-mediated immunosuppression also creates

tions,
a tumor microenvironment in which the viral load in these patients
may increase.'*> Higher proportions of regulatory T cells, HPV
oncoprotein-mediated interference with adaptive immunity path-
ways at multiple levels, and a T-helper (Th)1/2 and cytokine
imbalance, all potentiate this phenomenon.***'%” Upon this basis,
the finding that a higher viral load makes for a more suppressive
tumor microenvironment is key in understanding the mechanisms
behind the trend reported in this review and should certainly be
described in more detail in future studies.®’

The findings presented in this study may suggest that higher viral
load-bearing tumors could respond differently to treatment than

those with an overall lower viral load, and are most in need of
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improved therapies. This is especially important with the recent
FDA-approval of immunotherapies, including pembrolizumab for use
in PD-L1* cervical cancer (Figure 1B).}*® Tumors with a higher viral
load could potentially be sensitive to immunotherapy, as PD-L1 has
been shown to be overexpressed in cervical cancer tissue compared

149.150 and increases with cervical cancer

to normal cervical tissue,
stage.'®° Taken alongside the findings presented in this systematic
review, of increased viral load present in more advanced disease, it is
plausible that these two parameters may be directly or indirectly
linked, warranting further investigation. Accordingly, reports have
indicated that higher levels of CD8" TILs are present in patients with
higher HPV16 viral load.'>! Furthermore, it has been widely reported
that patients in low CD8'TIL and high PD-L1 expression groups had
significantly worse clinical outcome and worse survival.'®® Other

d*>2 and other cancers.*>3

studies have found the same in HPV-relate
Therefore, the prognostic impact and stratification potential of HPV
status, viral load, and CD8" TILs, and PD-L1 expression as well as
combinations of these, are not to be overlooked, especially when
considering (immuno)therapeutic outlooks.

Due to the dynamic nature of PD-L1 expression on a variety of
tumors, and the responses thereof to a variety of stimuli,»>*~1% one
may also be interested in the expression products of HPV at a protein
or messenger RNA (mRNA) level. However, viral load is not closely
correlated to the expression of HPV genes.>” de Boer et al.*> found
that the copy number of HPV DNA was not predictive of overall
survival, but the expression (mRNA level) of HPV E6/E7 was
correlated to poor prognosis in cervical cancer patients. On mRNA
level, many epigenetic factors influence the expression of HPV

115159 microRNA expression,*¢° and

genes,?° including methylation,
others, all of which have been found to impact clinical outcomes. Wu
et al.¥®! demonstrated that HPV16 E6 mRNA was significantly
increased in invasive cervical cancer versus HSIL lesions. However,
some studies have shown no significant correlation between viral
load and E6/E7 mRNA expression level.1? Thus, at this time, little is
known about how HPV viral load and E6/E7 gene expression may
change during the progression of the disease, and during the course
of treatment. Multiple cervical sampling during the course of disease
is technically simple, but may cause a considerable burden to the
patient. Viral load of the initial biopsy, as reviewed in the present
study, may be sufficiently predictive to evaluate and improve new
treatment strategies. The clinical situation, due to papillomavirus
species specificity, and vast differences in infectivity or various
organs, symptoms, and other implications for papillomaviruses

163 is difficult and complex to accurately recapitu-

infecting animals,
late. Several naturally occurring animal papillomavirus models have
been applied to study viral-host interaction for HPV pathogenesis
and played a pivotal role in better understanding of the mechanisms
underlying tumor progression to cancer.t*71¢” Therefore, a novel
mouse papillomavirus model that representatively mimics HPV-
associated infections and disease progression in the lower genital
tract could be useful to determine these correlations.’®® Last, as a
further potentially useful DNA-level measurement, tumor mutational

burden (TMB) has been studied in cervical cancer. It is currently
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unclear which particular genes contribute most to the TMB,1¢%:170

as
the integration site of HPV within the host genome is not universally
conserved.’’! There is evidence that high TMB cervical cancer
patients exhibit more severe disease, along with increased stage and
lymph nodes.'®® An increased TMB motivates for the use of
immunotherapies such as checkpoint inhibitors, in high TMB patients,
due to an increased likelihood of chemo/radiotherapy resist-
ance.?®”172 Specifically, pembrolizumab was approved in a tissue
and site-agnostic manner based on the TMB of enrolled patients.”®
The same has been confirmed by other groups, who found that TMB
indeed not only holds prognostic value, but is also related to the
infiltration level of immune cells within the tumor microenvironment,
which directly links to the success of checkpoint inhibitors.2”®
Furthermore, HPV-positive cervical cancers have been shown to
have higher TMB,”# leaving the question as to whether this may be

linked to viral load open to further research.

4.1 | Limitations of the study

This systematic study on the clinical role of viral load in cervical
cancer and its precursors assessed a wide range of published
studies. Although a vast amount of data was found in 85 useful
studies, the comparability between studies was limited by a large
variety of laboratory methods and clinical outcomes. The possibility
of including a meta-analysis was explored, but was found not to be
feasible due to differences in methodology, measurement tech-
niques, units reported, and patient selection. Therefore, much of the
value of the present systematic review is to help future researchers
improve standardization and comparability, particularly to overcome
differences in the measurement of viral load levels, extraction of
patient material, and documentation of study outcomes. In Table 1
we listed technical procedures which may benefit from standard-
ization. Practical suggestions and recommendations for more
standardized reporting and communication of results are also
provided based on the findings, such as use of similar methodolo-
gies (where available), reporting similar units within similar

n o«

thresholds, as the categorization of “low,” “medium,” and “high”
HPV load is extremely important for interpretation of data.
Furthermore, classifications of disease severity were inconsistent
throughout the studies assessed; thus, what was reported had to be
conserved to maintain accuracy. While this makes use of both
cytological and histological cervical lesion classifications, as well as
FIGO staging for cancerous samples, the overall trend for all sample
types is clear and useful for other groups embarking on similar

scientific questions in the future.

5 | CONCLUSION

This systematic review on HPV viral load in cervical cancer and its
precursors confirms a strong association between viral load and

severity and outcome of disease (overall survival and disease-free
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survival). Measurement of viral load is not a standard procedure, nor
is there consensus on the methodology or quantitative values.
Despite these differences, there is a clear convergence of results
from both cytology and tissue samples collected for screening/
referral or diagnostic purposes, that a viral load is an independent
prognostic factor, next to HPV genotype, HPV co-infection, genome
integration status, and other clinical factors. There is increasing
evidence that viral load also is a predictive marker for response to a
range of treatments potentially including immunotherapies, and may
therefore be used as future guidance for personalized treatment
selection. Future studies on viral load need more standardization and
alignment of techniques and result reporting, to improve comparabil-
ity and for practical use as a prognostic and predictive marker of

cervical cancer and its precursors.
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