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Abstract

Background: The goal of this review was to present an overview of the cur-
rently identified molecular parameters in head and neck squamous cell carci-
noma (HNSCC) of nonsmokers and nondrinkers (NSND).

Methods: Following the PRISMA guidelines, a systematic search was per-
formed using the electronic databases PubMed, Embase, and Google Scholar.
Results: Of the 902 analyzed unique studies, 74 were included in a quantita-
tive synthesis and 24 in a meta-analysis. Human papillomavirus (HPV) was
reported as a molecular parameter in 38 studies, followed by pl6 and TP53
(23 and 14 studies, respectively). The variety of other molecular parameters
concerned sporadic findings in small numbers of NSND.

Conclusions: HNSCC in NSND is more often related to HPV and p16 over-
expression compared to tumors of smokers-drinkers. In a third of virus-
negative tumors, TP53 mutations were detected with a mutational profile
associated with aging and ultraviolet light exposure rather than to tobacco

consumption.
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1 | BACKGROUND

Head and neck squamous cell carcinoma (HNSCC) usu-
ally results from excessive tobacco and alcohol consump-
tion." A third risk factor in head and neck carcinogenesis
is high-risk human papillomavirus (HPV), especially in
the oropharynx.>* Patients with HPV-positive oropharyn-
geal squamous cell carcinoma (OPSCC) usually have a
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healthier lifestyle without excessive consumption of
tobacco and alcohol compared to patients with HPV-
negative tumors.* Additionally, there are HNSCC
patients without any exposure to tobacco and alcohol.
These nonsmokers and nondrinkers (NSND) appear to be
clinically different from their smoking and drinking
counterparts: predominantly females at the extremes of
age with an early tumor stage, mainly in the oral cav-
ity.>'" Although these clinical differences have been
identified, it is partially unclear what starts the carcino-
genesis in this group.

In the past decades, the prevalence rate of HPV in
HNSCC has been rising in the United States and Europe
and many studies have shown that HPV status is a
strong, independent prognostic factor for disease free and
overall survival in OPSCC.'*'* Recently, this has led to a
down staging of HPV-positive OPSCC in the Eighth Edi-
tion of the American Joint Committee on Cancer and
Union for International Cancer Control tumor-node-
metastasis classification.’>'® An association between
HPV positivity and NSND has been suggested in several
studies.'”?

Research into the molecular landscape of HNSCC has
increased rapidly in recent years, mainly focusing on dif-
ferences between these HPV-positive and HPV-negative
tumors.>*® In addition to new insights into head and
neck carcinogenesis, including its intrinsically immuno-
suppressive nature, this research has revealed other prog-
nostic biomarkers, diagnostic biomarkers, and targets for
novel therapeutic options.*?°* In this field of molecular
research, however, little attention has been paid to pro-
cesses underlying carcinogenesis in NSND. In this sys-
tematic review, an overview of the molecular parameters
reported in HNSCC of NSND is presented, including a
meta-analysis on the prevalence of HPV, pl6 over-
expression, and TP53 mutations in NSND vs smokers and
drinkers (SD).

2 | METHODS

2.1 | Search strategy

This systematic review was conducted following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses.** A systematic search strategy was developed
using the electronic databases PubMed, Embase, and
Google Scholar combining terms for (a) the head and
neck region, (b) squamous cell carcinoma, (c) molecular
parameters underlying carcinogenesis, and (d) NSND
(Supplementary Table 1). The entire search was per-
formed on October 9, 2018.

2.2 | Screening

After discarding duplicate articles using EndNote X7.5
(Clarivate Analytics, Philadelphia, Pennsylvania), two
independent reviewers (FM, DP) made the first
preselecting cut by screening all articles on title and
abstract. Inclusion criteria were as follows: (a) original
studies on a (b) viral, protein, or genomic parameter
(c) in HNSCC, with (d) results on nonsmokers and/or
nondrinkers explicitly reported in the title or abstract,
(e) published after 1990. Exclusion criteria were as fol-
lows: (a) studies in languages other than English, Dutch,
or German, (b) data based on animal samples, (c) skin
tumors or rare histological variants of HNSCC, and
(d) the gray literature >2 years old. After the first selec-
tion, the remaining full-text articles were assessed for eli-
gibility based on the same criteria. Reference lists of
included studies and recent systematic reviews on bio-
markers in HNSCC were screened for additional litera-
ture.>>® If an article was not electronically available, the
authors were contacted to obtain the full-text.

2.3 | Data extraction and assessment of
study quality

For relevant articles, the name of the first author, year of
publication, country of conducted research, name of the
molecular parameter, tumor location, number of NSND,
definition of NSND, study design and method, definition
of molecular parameter positivity, and study remarks on
the NSND population were retrieved. When at least five
articles described the same molecular parameter in
NSND, the two reviewers assessed them on methodologi-
cal quality using a modified 10-item critical appraisal tool
derived from the REporting recommendations for tumor
MARKer prognostic studies (REMARK).>” The critical
appraisal criteria were scored with “yes,” “unclear,” or
“no” (Supplementary Table 2). External validity was
rated with items 1 to 3, and internal validity with items
4 to 10. Dissonance between the two reviewers was dis-
solved by discussion.

Data were pooled in a meta-analysis when (a) a
clear and acceptable cutoff value for molecular param-
eter positivity was reported (as was assessed with items
5, 8, and 10 of the quality assessment), and (b) the
number of patients positive and negative for the molec-
ular parameter in both NSND and SD was explicitly
reported. Studies reporting that these molecular
parameters play no role in the head and neck carcino-
genesis of NSND were also included to limit selection
and publication bias.
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2.4 | Statistical analysis 3 | RESULTS
Interobserver agreement between the two reviewers for 3.1 | Screening and data extraction

title and abstract screening and full-text evaluation was
determined using Cohen's Kappa coefficient (x). For the
meta-analysis, Review Manager 5.3 (The Nordic
Cochrane Center, The Cochrane Collaboration, Copenha-
gen) was used to create forest plots by pooling weighted
data, calculating the odds ratio (OR) and 95% confidence
intervals (CIs) for a fixed effect of molecular parameter
presence in NSND using the Mantel-Haenszel test. To
evaluate the statistical reliability of the data, a sensitivity
analysis was performed by only retaining studies in the
meta-analysis with at least 10 patients in both the non-
smokers/nondrinkers and smokers/drinkers groups. In
case this did not change the outcome, the smaller studies
remained included in the meta-analysis. The I* statistic
was used for heterogeneity estimation of OR variance
between studies. Higgins and colleagues proposed adjec-
tives of low, moderate, and high heterogeneity for I*
values of 25%, 50%, and 75%, respectively.”® Since tumor
protein pl6 overexpression is a surrogate marker for the
HPV status in OPSCC, but not in nonoropharyngeal
HNSCC (non-OPSCC), the presence of HPV and pl6
overexpression were analyzed separately for OPSCC and
non-OPSCC.

A total of 1039 articles were identified through the elec-
tronic search and 7 additional studies from reference lists.
After removing duplicates, 902 studies remained for title
and abstract evaluation by the two reviewers (k = 0.90 for
title and abstract inclusion), 96 of which the full texts were
read (x = 0.88 for full-text inclusion). Seventy-four studies
were included in the qualitative synthesis (Figure 1).

Most studies were published between 2014 and 2018
(58%; 43/74), with the oldest included study being publi-
shed in 1991.* Thirty-nine percent (29/74) of the publi-
cations originated from European institutions, 27%
(20/74) from North America, 22% (16/74) from Asia, 8%
(6/74) from Central-South America, and 4% (3/74) from
Australia. Half of the included studies (38/74) reported
on HPV in nonsmokers and/or nondrinkers, in OPSCC
(33%) as well as most other subsites of HNSCC: the oral
cavity, hypopharynx, and larynx. Two out of the six stud-
ies looking specifically at oral tongue squamous cell car-
cinoma (OTSCC) found HPV DNA in these tumors using
polymerase chain reaction (PCR), and one of these two
studies also used real-time nucleic acid sequence-based
amplification.>*** The second most frequently evaluated

Records identified through
search of 3 electronic

Additional records identified
through other sources

] [ Eligibility ] [ Screening ] [Identification]

°
w
3
FIGURE 1 PRISMA flowchart o
c
of the literature search. HNSCC, -
head and neck squamous cell
carcinoma; NSND, nonsmokers and
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A
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5 PDF not available
4 not a marker in tumor tissue
2 no original data

4

1 all betel nut users

1 no clear HNSCC group

1 not a biomarker for NSND

1 same patients as in other study

Studies included in
qualitative synthesis
(n=74)

\ 4

Studies included in

meta-analysis after

quality assessment
(n=24)




MULDER ET AL.

» | WILEY

DDST Jo asned 1ofew © Jou ST AJH

Je1]) S3S933NS SILISS INO UI UONIAJUL AJH JO

9oud[eAdId MO V “IOOWISUOU PUE ‘QIULINIAL

[eU01391/18J0] SS[ ‘I9P[O dIam SIown)
2AnIsod-AdH UM sjusned

SIOYULIP BJUOU PUE

‘SIOYULIP [OYOJ[BUOU ‘SISOUISUOU ‘S)UBYDIIUL

‘uoryerndod parrrew ‘syynpe SunoA ‘soreursy

ur 52550

JO J[SLI PIsBAIOUT UB Y)IM PIJBIOosse A[Suoms
SeM TONIJUI AJH TeI0

sydrosuen) Te1ia Jo douasaxd
JuedgIugIs pamoys DOSIO UIAIS 3} JO SUON

SIoyOoWSuOUu
pue ‘syusnyed 108unoA ‘HDHSJO Ul 1saYSIY
d19M uo1ssaIdxa19A0 91d pue soudresdrd AJH

syuaned

ISYULIpUOU pue Iayowsuou jo dnoidqns

® JO DDSO pue eise[dsAp Ul Io3IeW JB[NOS[OW
© 9q 0} pareadde VN AdH Jo doussaid oy,

payows

I9A3U pey oym syusned Suouwre uowwod
Q10w Sem I30ued [edduhreydoro aanisod-AdH

JULIp IO 9YOwWs JOU Op
oym sjuanyed ur DDSJO Jo yuswdo[aAap ay3 ul
10308} st Jueurwopaid e st uondayur AJH-IYH

say1sqns dyered 10 [rem

[ea8uAreyd yiim paredurod usym s93Isqns

B[NO3[TeA J0 ‘9ndu0} JO 3Skq ‘TISUO} ) JO

DDSdO W syuaned 10y 10yS1y Apuedgrusis

QIoMm Sase)seldw dpou YdwA] [BIIAIS pue
‘Gurjows 104U ‘Kyanisod 91d/AJH JO S9eI YL

Sy TeWdI APpNIS

SYIUOW 9 IS8
1 I0f oM/ UulIp T > AN
awnd/310 00T > SN

Kep/yusreamba
I0oaumjo ssei 1 > AN
AdS > SN

IaYULIpUOU

‘ISjowsuou JuorSJI]
par1odaI-J[as = QNSN

sjuened IoyuIIpUOU
pue Iojowsuou = GNSN

PIS[OWS I2AU = SN

[0Y09d[e 10/pUe
020840} JO 3SN JUALIND
Io Jotuid ou = ONSN

Suryows 19A9U = SN

ANSN uonrugadq

SISYULIPUOU PUE SIS OWSUOU JO BUIOUTOIED [[90 snourenbs yoau pue peay ul 647 pue ‘csd ‘91d ‘AJH

(o1) ss (R
(VN) sot (VN) 68
(O¥2 )L
()9 s
(0) 0T (0) 61
(e1r1 (11
= (69) €L
(#1) 8T (#1) 8T
= (VN 6L

aN SN
(sased

aanisod) syusnyed

HO JaquinN

XUATRT

£1aed TRI10

anguo) [e10

xukreydo1Q
309U pue pesHq

£1aed TRIQ

xuAreydoiQ

xukreydoiQ

xukreydoiQ

uoneso|
Jowng,

AdH

AdH

VNYUW [eIIA

AdH

AdH

AdH

AdH

otd ym
pauIquiod AJH

Jojourexed
JIE[NI3[ON

(uemrey)
g¢B 39 USYD

(euryD)
PRLECREl o)

(saress payrun)
o810 uuewodelg

(errensny)
<¢[® 12 UossUOJUY

(£1e3D) ,c[® 30 o1a1SUY

(sere38
pajun) .[e 19 Suy

(sere3S parrun)
118 19 SMaIpuy

(saress payrun)
<<€ 30 y3negswry

AdH

(A13uno02) I9UdIY

THTdV.L



307

WILEY

MULDER ET AL.

(senunuo))

SIS OWSUOU UT
UW0)NO 3[qeIOAR] JO 10301paid Juspuadapurl
uomns e aq 01 panroid 9T-AJH Jo soussaid Sy,

SISULIP [OY0d[EUOU
pue ‘s1oxowsuou ‘sjuaned Junox o3
papuodsariod sased DDSO aAnsod-AdH-YH [V

DDSNH 2ANE3aU-9T-AdH JO JSUI
paseaIour Ue pey [0Yyod[e pue 0398q0} JO asn
AAeay U31m 9501} ‘[OYO0J[e JUBIP IOU 09BqO}

paouws IoY3IoU oym s309[qns Im paredwio)

s1ayowsuou ur DOSNH Ul 9701 & Aejd Aewr AJH

sjuaned

Sunjurrpuou pue Suryowsuou Jo DISJO YIMm

pajeroosse A[3uoms St AJH UOISSa1dXaI9A0
91d pamoys siown) aanisod-AdH 1TV

"SUOIBINW £G4, JO S1ouanbaiy
I2MO] peY SIYOUIS I9A3U 3ANISod-AJH

SI9YOWSUOU PUE SISYULIPUOU 0}
paredwod 055€q0) puE [OYOI[E JO SISWNSUOD
10J sisouSoid as1om A3uBOGTUSIS B PAAISSqO 9 M

sjusnied GNSN UI AJTe1oadss ‘[[eAlains

o1y109ds-9seasIp 10} ] S10308F 9ANOIPaId 2AnESoU
® SI DDSO Ul AdH ‘DDSJO 03 ISe1IU00 uf

s19MaYD pInb [930q pue ‘sIoxuULIp

‘SISYOWS ‘SoTew Ul UeY) IOYSIY SIoM SISMIYD

pinb [939qUOU pUE ‘SISNULIPUOU ‘SISNOWSUOU
‘so[eWIa UI S9JBI UOT)OJUI 8T/9T-AdH

SIOYULIP I9ASU pue

‘SIONOWS JOAJU ‘S9TeW ‘I93UNOL 10 SIedk S¢S

pade syuanied ur 10y31y usas sem A1anisod
VNA 9T-AdH UM pajeroosse DHST JO qSH YL

Sy ITRWdI APNIS

Kep/syuarearnba
La¥stym > AN
DS 210j9q 183K Q1<
I9YOwWS JISULIO}
10 I9YOWS I9AU = SN
osn [oyode
10 0990} IQULIO]
10 JUSIIND OU = NSN

Ie3A ® 10] Aep
/AutIp d1oyodre T > AN
1e3£ & 10] Aep/310 T > SN

AdO0 = SN

uonduwnsuod [oyode
pue 009eqo} Surjows
Jo £10381y OU = ONSN

I9YOWS I9AU = SN

[OYOd[& 10 099eq0)
Pasn I9AdU = NSN
sIseq
Arep uo Joyod1e ou = AN
AdOT > SN

SunuLIp 109U = QN
Suryows 19A9U = SN

ANSN uonrugadq

(81) 1€

) Ly

(91) €2

(1) 91

(c1) 08

(L) LL

(¥9) 66

(T 01T

(o1) 1

) T

(91) €2
(s)or

(c1) 91

(02) 92

(9) ¢

(LY) LL

(€9) €L

(€D 0L

(sased

aanisod) syusned
Jo J_aquunpN

xukreydoIQ

£1aed TRIQ

309U pue pesay

309U pue peay

xukreydoiQ

309U pue peaH

309U pue peaH

£31a®0 [RI0

Kaed [e10

XUAIRT

uoneso|
Jowng,

AdH

AdH

AdH
AdH

91d yIm

pauIquiod AJH

AdH

AdH

AdH

AdH

AdH

I93ourexed
JIE[NI3[ON

(SpueloyIaN)
1B 30 dwresyeH

(03N g, 1B 3
Z3ITWEY-Z3[eZUOD)

(sere3S parrun)
¢, 39 UOSI[[ID

(soueLq) ., [e 39 32IN0

(SpuerIaylaN)
o1€ 30 Iodpeysieq

(uapams)
¢1® 39 0gaUIR]

(wmni[og)
1B 30 sduredsa

(eneor))
118 39 013

(euryD)
o8 30 Suenyd

(BUIYD) (T 19 USYD

(A13unod) IdUdIY

(ponunuo)) T HTIV.L



MULDER ET AL.

» | WILEY

s19jows 0) pareduwiod [RAIAINS UL

syuowaAoIdwl [RUISIEW PIMOYS SISOWSUOU

‘[BAIAINS O1J109dS-9SBASIP PUE ‘991J-30UIINIAI
‘[rexano 1oy ‘syusnyed sanisod-AdH Ul

syuaned

Funjowsuou Juoure aAnIsod a1am sojdures

AdH JO Joquinu juedyTugIs y 9)1s [edIwojeus
Ppajodur Jusreaard jsowr oY) sem anguo) oy,

Aranisod AJH [Im SUONIUYGIP SSaUPSE[aI
-AdH SSOIOB PJBIJ0SSE AJJUS)ISISTOD
SEeM JSYULIPUOU JO ISYOWS-Uou Surog

uonenut [ouag] sandnisip & pue
‘SuoneINUW £64J, ‘SUnjuLIp [oyod1e ‘Surjows
0298q0) M PIJB[ALIOD A[9SISAUT SeM
UoNOJUI AJH ‘OUWIN I9A0 doud[esdld AJH Jo
pua1) UISLaIOUT UB PAaMOYS Yorym ‘DISJO Ul

[o1u0d 2ARIS0d-AJH 9y} ULy}
JI9Y30 sI0WN) 3y} Jo Aue Ul punoj sem AJH ON

DDS0 Jo jesqns

Io[Tews A[[eniueisqns € 10y 9[qIsuodsar st

A301013 TRIIA S} SBIYM “UOTIOSJUI AJH [BI0

0) paje[al oIk asnge [0Yod[e pue Surjows Jo

£103514 TRUOSIad 2AnISOd InOYIIM DDSJO I
sjuanyed ur Surdofeasp siownj jo Ljrrofew oy,

snje}s Surjowsuou
pue a3e 193unok pue AJH-JH 2an1sod
U9M]9q PUNOJ SI9M SUONB[AIIOD JUBOYIUIIS

PS3OWIS IASU 2ARY PIIY) SUO jnoqe pue age

19p1o ue Je Sunyuasaid syusned Yiim ‘Sopedsp

04] JSB[ 3} I2A0 BI[ENSNY UI DJSJO 2AnIsod
-AdH Jo aoudeadid Suisit e moys ejep InQ

1D jueAn(pe yim pajear;
uayM SAd %606 PUB %001 JO SO 1894-0T
moys syuaned DDSI, 2anisod-AJH SurjowsuoN

syIewax Apnis

Iayous
I9A3U pajiodaI-Jias = SN

POYOWS I2AdU = SN

IYULIPUOU = QN
I9yowsuou = SN

IedA e 10§
Kep/axes jo syun G > AN
AdS> SN

Sumayo 10 Surjows
00508q0) JO A10JSTY OU = SN

asnge [0Y0d[€ JIUOIYD
I0 Surjours IaIe

Jo A103STY OU = INSN

SISYULIPUOU = QN

PISOWS I9AU = SN

IYULIPUOU = N
I9YOWSUOU = SN

AdOT> SN

ANSN uonrugaq

(VN) L9

(Te) LET

(00) L€

(81) e
(€) v

(s) 8¢

(Te) €5

(2s) 96

L)ot

(620) ¢8

(1) 2

9

(81) 2t
(€)1

()8t

(65) €L

(VN) 9¢

(soseo

aanisod) syusned
Jo JaquunpN

303U pue pesay

£1aed TRIQ

xukreydoiQ

xukreydoiQ

anguo) [e10

xukreydoIQ
£1aed TRIQ

xukreydodAg

xuAreydoiQ

xukreydoiQ

uonedo|
Jown,

AdH

AdH

o1d YIm
pauIquiod AdH

AdH

AdH

AdH

AdH

ord YIm
peuIquiod AdH

o1d ym
pauIquiod AdH

J3rouwrered
JIR[NIJ[OIA

(saress payun)
wmﬁm 19 UoSIaxd

(1rzexgq)
1¢€ 39 BIIATIO

(ureds) . [e 19 BUSN

(ueder)
2c[€ 30 BweAnIEN

(sa1e18
payun) (eI

(orqndoy
[oazD) ([& 19 09e]

(e2103]) T 39 0Of

(errensny)
18 30 SUOH

(Aueu1on)
o] 30 UUBWIIOH

(A13unod) 90UdIYY

(ponunuo)) T HTIV.L



309

WILEY

MULDER ET AL.

(senunuo))

payouws jey) Jusnjed 4 o5e)S € sem

9T-AdH I0J aanisod paisa) 1ey Juaned auo oy,
SpISooNW 3peIS-ySIy JO JSI PIseaIdUT YIm
Sune[a1100 snje)s Surjowisuou pue dAnIsod
-AdH UM ‘SONIOIXK0) A[1ed PIje[aI-Jusui)ean)

JO 9oudpOUI 3y} AFIpowt DDSJO 10§ SI030) ST
‘[OY0J[e pUE 09080} WO} dOUIUNSqE

UI1M PIIBIOOSSE A[SUOIIS Sem UOTOJUI AdH

"ANSN Ul 12y31y pue ‘SO Ul ueyl DDSO
Ul I9MO] Sem VNA AJH JO 9oudeasid oy,

'S1BdA (09 JO
93e oy 1940 syusned SurjowIsuou U pAAIISqo
sem VNA AdH Jo ddusreaaid 1saySiy oy,

‘suawroads 931} UI Pajoalap sem AJH ON

DOSNH
2AnIS0d-9T AJH UI paje[n3aisAp A[reayroads
919 JeY) SouaS £7T JO 19sqns JOUnNSIP

B POIIIUSPT 9M ‘SIOOWIS IAU UO SUISNI0]

UOT}OdJUT

AdH ®¥e[Ioe] S[oAS] [d'IS PeSea1dap jey])

sisajodAy 1no syroddns sjusnied aanisod-AdH
PUE SISYOWSUOU U ¢V UIXauue Jo sndins ay],

ased [1axows] T A[uo
Ul Pa)091ap d1om sydLIosuen) VNIW LH/99 AdH
s1own) 2ANISod-AJH YIm
sjuanyed 10J 90UBOYIUSIS [BOTISTIEB)S PIYOEaI
ATUO 30UDISJIP Y} INQ ‘SISYOUIS JUSLIND SA
SIOYOUIS JSULIOJ/ISASU PAIOAR] SO S ‘SNIE)S
Sunjows £q paynens sem snjeIs AdH USYM

Sy ITRWdI APNIS

unjows jou = SN

Ad OT > pue
sisougeIp 210J9q

I8 1< paddois = SN
asn [oyooTe ou

pue 030eq0) ou = CNSN
Teak

B IOJ YooM/jUuLIp T > AN
IeaA © 10J Joam

/Aoed §°0> pasjows = SN
uoryduwnsuod

[0Yoo[e OU = (N
uonydwnsuod

029eq0) OU = SN

Kep/[oyoore Jiun 1> AN

payows IaAdU = SN

SIBJA € 10J YoM /SYULIp
> IoNuLIp Y31 = AN
Joyowsuou = SN

Jayowsuou = SN

eam/siun QT > AN
siseq Tengo1
U0 0908q0) I9A3U = SN

I9YOWS I9AU = SN

ANSN uonrugadq

(§)st

(T 91

(e) 11

)L

W 1e

(0) LS

(0) 0T

(8¢) ¢¥

(9)st

weL

@¢

)L

©¢L

(1) 09

0) ¥

(z) 9z

(sased

aanisod) syusned
Jo J_aquunpN

anguo) [e10

xuAreydoiQ

an3uo) [e10

xuAreydoio
/K1A®d [BIQ

£31a®0 [RI0

an3uo) [e10

309U pue peay

309U pue pesaH

anguo) [e10

xukreydoiQ

uoneso|
Jowng,

AdH

AdH

AdH

AdH

AdH

AdH

AdH

AdH

AdH

AdH

I93ourexed
JIE[NI3[ON

(s91e15 partun)
col® 10 BSSUBM

(sarm18
pAIUN)  le 39 BOIEA

(909219)
ogl® 30 Derduisy,

(orqndoy
o9zD) Ik 12 Azayoe],

(1rzexgq)
ool 19 OJeUOUWIS

(SpuelIayIaN)
o<l 19 S19Q2IS

(s9re1S parrun)
g€ 32 1YD3[UIS

(Aueuron)
Lc[® 30 sniqendy

(sare18
panun) yJe 19 Surjod

(saress
pauN) . [e 19 Yeld

(A13unod) IdUdIY

(ponunuo)) T HTIV.L



MULDER ET AL.

» | WILEY

-9onj0e1d SUNNOI UT SUI0JINO
[eoTuI[d 193399 Jo 103eonsousord Surstwoxd
© 9q Jy3rur ‘s1oxjowsuou jo dnoidqns

ut AJreroadss ‘9DST o103 ur uorssaidxa 91d

. SIOYOWS ISAQU,, S SOA[OSWIAY) PAIIUAPI
sjuaned aanisod-91d a1owr pue sjuaned
aanedou-91d Suowre 1oySry Apyuesyrusis
sem asn [oyod[e Aaeay pajiodal-Jios

"paIpn)s Sa[qeLIeA
o13o1oyyedoorurd ay) pue snieis DHI 91d pue
¢6d wsam)aq punNoy UOT)B[DIIOD OU SeM dISY],

‘uonduInsuod [0yod[e 19M0[ pue Surjours

SS9 ‘JUSWAA[OAUT [EPOU ‘SIOWIN) IS[EWS

‘s1otn) anguo}-Jo-aseq J0 IB[[ISUO) ‘XIS e
a1e snyels aAnisod-9Td [iim PajeIOOSSE SI[qRLIBA

"A101STY SUTOWS 9AIE3OU © 31 UOIIB[ILI0D
jueoyyrudis e Summoys 1a3Teur A[uo ay) sem 91d

-21nsodxa Juryjows 933218310
IoMO] ATYuedlTuSIS pey pue SISYOWS I9AU
9q 03 AJox{1] 210U d19Mm sjudnied aanisod 91d

‘syuanyed

ANSN Ut A[eoadss ‘[rearains ogroads

9seasIp 10§ ] 1030€] aA1OIpald dare3au € SI
DDSO ur uotssaidxa 91d ‘DDSJO 03 ISBIIUOD UT

‘s1oxowsuou pue ‘sjusned 1a3unok
$DDSdO Ul 3say31y sem uolssardxarono 91d

SISYULIPUOU JO/pUE SIOYOWSUOU
pue 91d Surpredar yrewar ogroads oN

*DDST omofdeadns
M syuanyed pue ‘SIONULIPUOU ‘SIOWSUOU
Suowre UOUIUIOD SIOWI SeM UOTIOJUI AJH

syIewal Apnis

I9OWSUOU = SN

asn Joyoore
arel pajiodai-Jes = AN
SIOYOWS 19AU = SN

swnyIy ur 819 00T > SN
(Kep/syyurIp
7 >) uondwinsuod
[oyooe JySI[/ou = AN
paYyous I9AdU = SN
siseq
A[rep uo [oyoore ou = N
XdOT > SN

J9OWS I9AU = SN

I ULIpUOU
‘IoyowIsuou uorSJI]
pa31odar-gios = ONSN

TeaA 1<

Joam/[0god[e Jun T > AN
IB3A 1< Joam

/aou0 > Junjows = SN

ANSN uonrugaq

#2) 0¢

(VN) z€0t

L) ve

(To) LL

(8) ¢

911

(L1) 9¢T

98

(09) 99

($) 0s

(VN) ssL

L) ve

(18) 96

(1) LL

(8) 9t

@11

(o) stt

(sased

aanisod) syusned
Jo I3quInN

XuAIe

xukreydoiQ

anguo) [e10

xuAreydoiQ

xukreydoiQ

xukreydoiQ

£1aed TRI0O

Joau 2 peoH

£y1aed TRIO

XUAIRT

uonedo[
Jowng,

91d

o1d

91d

91d

o1d

91d

91d

o1d

o1d

o1d yIm
pauIquiod AdH

J3youwrered
JR[NIJ[OIN

(orqnday
4292D) (yle 19 M e

(sarers
PaNuN) gyl® 19 SSOH

(sare38
peyun) ,g[e 39 uojesy
(epeueD)

L8 19 snoqqeq

(Aueuron)
ool 10 SEEH

(sa11S pajrun)
5oI® 19 UOSI[ID

(eneor))
11839 [01p3Q

(errensny)
<¢[B 10 Uossuojuy

(&1e31) ¢ T® 30 oxRISUY
otd

(euryd) , e 39 nx

(A13unos) 90UdIIY

(ponunuo)) T HTIV.L



311

WILEY

MULDER ET AL.

(senunuo))

"DOST P
sjuaryed orjoyoo[eUOU SUTOWSUOU Ul [BAIAINS
douanpjur A[9Ane3aU 03 SWds uorssaidxs ¢gd

SISYULIPUOU JO/pUE SISYOUISUOU
pue ¢cd Surpredar yrewa1 o1oads oN

snje)js urjows jo

JuawISSasse a1mnbai jou seop pue xuAreydoio

o) 03 Jo3IeWOlq 9y} SunTwiI] o1mbar jou seop

JeY) IOUULW € UI SOUWOJINO0 [BAIAINS JUIISFIP
Pa1sa33ns uonezieoo] urejord 91d JUSIFIQ

-a3e)s

[EPOU PAdUBADE JIOW B PEY PUE ‘SIOOUISUOU

1o 19wy Ap3sowr ‘(arewr Ajyueurwopaid)
193unoA a1om ‘9anisod-91d a1om syuaried ISON

‘surdrewt

[edo131ns 18970 pue ‘uoneawrtad oneydwA]

9A1)e39U ‘UONIBZI[OqUId TB[NOSBA dAlje3oU

pamoys siown) asoym ‘sjuanied Surjowsuou
Ul 9SU)UT dI0W sem uorssaidxs 91d

qey Sumayd ueed YIIm pajeIOOSSE
ApyueoyTuSIs pue SISWNSUOD [OYOJ[eUOU PUE
s1oxyowsuou ur 1oySy sem 91d jo uorssaxdxyg

S3SED 8/ JO 6 UI Paj0alap sem uorssardxarono 91d

91d 03 p1e3a1 YIim sI930owWsS
woxy APuedyTusIs I9JIP JOU PIP SISYOWSUON

DDSdO JO %00T pue DDSO JO %6C Ul pjdlsp
sem uoissaxdxa 91d ‘QNSN Jjo uonendod s1y3 ug

‘A3o1oydiow

SJuiziunezoyuou e pue a3els I, Io1j1ed

ue ‘SU{OWSUOU YIIM Paje[aLIod Apuedyrudis
91om uorssaxdxa rewrrou ¢6d pue K1anisod 91d

syIewax Apnis

[0YOJ[®. JueIp
10 PIYOUIS I3AdU = (INSN

IOYULIP IOAU
I9YOWS J9AU = NSN

I93OWS I2AU = SN

uondwnsuod
[0yod[e ou = QN
J1qey Surjowss ou = SN

Yoam/siun 0T > AN
siseq Je[nga1
U0 00080} IOAU = SN
Aep/yuuip T > AN
s1eak oz< paddoss 10
A13981ms 03 1o11d XJ0OTS SN
asnqge [0Y0d[e JIUOIYD
1o Sunjouwrs 1o
Jo K10381Y OU = ONSN

Suryows jou = SN

ANSN uonrugaq

®)1C

(6) 1T

et

(T2) 6¢

(9) LS

(co) ez
L) ve

(8) 12

(6) T

@5

(sv) s

(237

)ot

() v

(o) s¢

(co) ez
L) ve

9

(sased

aanisod) syuaned
Jo Jaquunp

XUAIR]

£31a®0 [RI0

xukreydoiQ

xukreydoiQ

XuAIe|
/xukreydoiQ

Joau 2 peoH

anguo) [e10

09U 2 peaH

xukreydoiQ
£y1aed TRIO

Joou % pesH

uonedo|
Jowng,

¢sd

gcd

o1d

o1d

91d

o1d

o1d

o1d

o1d

o1d

Iojourexed
JIR[NIJ[OIN

(ureds) o, 1e 32
0J9UDV-Zapuelag

(£1e31) ,([® 30 o1a1SUY
gsd

(saress
panun) ., e 19 oeyz

(epEUED) | [€ 10 29X

(I1ze1g) ¢, & 39 BATIS

(erpur) ., [ 10 18y

(saress
pajIuN) ,[E 32 Surjod

(ueder) |, [e 10 dunyeN

(orqndoy
[o9z)) I8 19 008

(ooue1y)
o€ 30 noryjedrey

(A13Uunos) 90UdIYIY

(penunuod) T HTAVL



MULDER ET AL.

= | WILEY

D0Sd0 dane33u-AdH Uey)

£6d.[ yueInut 9AeY 0} A[9YI] SS9 218 DDSJIO

aanisod-AJH ‘sniels Sunjours Aq uonejnw

£6d.I Ul 9OUSIIP JULIGIUIIS OU Sem 1Y)
00Sd0 2Ans0d-AJH Y syusned Suowry

SOUIOJINO [BAIAINS
12100d pue SoNsLIIoRIRYD d1So[oyredoorurd
9SI0M [)IM PIJBIOOSSE A1k DDSLO
IOWS-IAU Ul suoneInw vZNYdD PU® £Sd.L

S[[9
I30UBD UI SUONBINUI dUST £G4.[ OU 9I9Mm 919

UOneINW £64J, JO sarouanbaiy
IOMO] peY SIYOWS J3AU dAISod-AdH

A103S1Y TROTUTO pUE

winijoads [euoneInu 9y} Uo paseq aInsodxd

uadourdred 0) pajera1 readde Jou op suoneINU

9591} 194 ‘DDSNH 19130 03 JB[TWIS Sajel
UOTeINW £64.[, SABY SINOWSUOU UT DDS.LO

9¥[ejul [0YOJ[e I0/pue SUrous
059eq0) pue ¢5d Jo U0NIRIAP DHI UsaMIaq
uoneroosse aAne3au juaredde ue sem 197,

A3oroydrow

Surzruneayuou e pue 93e3s I, I91[1ed

ue ‘SUrOUWISUOU UM PaJe[a1I0d AJuedTusds
219Mm uoIssa1dxa [ewiou ¢cd pue A1anisod 91d

PaIpN)s Sa[qeLIeA

o13o1oyyedodrurd ay) pue snieis DHJ 91d pue
¢6d usamjaq punoy UONB[AIIOd OU SEM I,

9)IS Jown) pue A103SIY
Suryows jo juspuadopur sem ¢sd Jo uorssordxyg
uorssa1dxs ¢6d pajeas|d aaey 03
PUNOJ 2IoM SISNOWS AABIY /€ JO 67 SBAIIYM
¢6d ssaxdxa jou pIp SISYOWISUOU UASS JO INO XIS

syIewal Apnis

IOYULIP I9AU = N
IOYOWS JOAU = SN

swpd ut 31 00T > SN

AdO0 = SN

I3 OWS I9A9U = SN

I3 OWS I9A9U = SN

SIOULIPUOU
SIOYOWSUOU = (INSN

Suryjows jou = SN

swnay ur 819 00T > SN

sIseq Iengax
B U0 [0YOJ[k 10 0008q0}
Pasn IaAsU = (INSN

IayouIsuou = SN

ANSN uonrugaq

(b1) 8¢

96

(L1) v

(o) €€

(o) L¥

(0)ot

©¢L

(VN) €

Wt

(©)9

(91) 18

(L1) e

(ML

(sased

aanisod) syusnyed
Jo J3quinN

xukreydoiQ

anguo) [e10

09U 2 peaH

Joou 29 peaH

anguo) [e10

anguo) [e10

Josu 2 pedH

an3uo) [e10

309U 2 peaH

Josu 2 pedH

uoredo|
Jowmn,

£6dL

£6dL

£6dL

£6dL

£6dL

gsd

¢sd

¢cd

¢sd

¢sd

Jajouwrered
Je[NIJ[ON

(errensny)
P RS Suoy

(sa1e18
pajun) Lol 19 UOJeOH

(eoue1y) 1€ 39 321N04

(uapams)
I8 32 0gqauIe]

(sa1e18
paAUN) ¢, € 12 Uape

£6dL

(SspuerraylaN)
1,18 10 SmauneN

(ooue1y)
o, 1B 32 noryjediesy

(sare18
payun) ,gle 39 uojesy

(Aueuron)
ool 39 SEBH

(wop3ury

paIuN) (I 33 PIOLT

(A13Unos) 90UdIIY

(panunuo))

THTdV.L



313

WILEY

MULDER ET AL.

(senunuo))

sured roquinu Adod

[9AS[-MO[ PeY 31070 SIY) UT SISYOWS SIYM

‘s}1qey SUD{OWSUOU 0} PAJB[AII0d 3q 0} PUNOY
9T SIMIBUI AATJ [Te JO sasearoul roquinu £do)

ITXLS PUe ‘€Sd.L ‘LA Ul SUOTIeId[e d1oads

1o ‘Toued ejrep3un oY) Aq pLId9ISp UOTIEINW

Kue Jo doussaxd ay) pue A103STY Surjowus
U99M]2q UONBIOOSSE JUBOIIUSIS OU SBM I,

s310409 juaned
I9p[0 pue I93UNOA JY) UIMIS] JOU ‘TOAIMOH

"VOENId PUR ‘SSd.L ‘ILV :20uedyIugis
[BO1ISIIB)S PIBMO) SPUI) PAMOYS SAUST 91U L

SIOYOWS UT PIAISN]d
SIOWIN) [EIOBIIUT UT SUOHBINW £G4, “ISBIIUO0D
U] "SI9YOWS Ul UBY) SIS Owsuou ul Joysy
sem suoneInw yim siown) dif Jo a3el Ay,

sIayows Aaeay

UO PISNOO] SISATEUR UM UIA ‘SISYOWSUOU

M paredwiod SISYOWS UT JUSITIP
ApueoyTudis J0u sem [£54. JO] 91T UONBINIA

uonenur [ouag]

aAndnisIp & pue ‘SUONBINW £G4 [ ‘SUDULIp

TOYO0JTE ‘SUryows 0508q0) YIIM PIIB[LI0D
A[oSI2AUT SEM UONIAUI AJH “DISJO UI

pIp
%1 ‘sI9xows Ul Inq ‘salis HdD e pa1Indd0
suoneINW £54.1 JO % ‘SIaxowsuou uy

SIOYOWS UBY) SUONBINW £GJ.]
I9MI] peY SISYOWSUON ‘+Y9/1 PUB ‘NAJS
‘ddVOTVY ‘TAHOLd ‘I'TIAHNd ‘VOeIId

‘THOILON ‘SJAN ‘TYXA ‘00£dd ‘VEAIA
‘CYNNLD 919/ SIOYOWSUOU UWIOIJ SIQULD
JO 1I0U09 INO U SUdT PajeInu A[JUALINISI YL

Sy ITRWdI APNIS

Gunjows jou = SN

I9YOWS I9ASU = SN

A103s1y Sunjowss xd1 > SN

SGunyurp 10 Suryjows
Jo A10381Y OU = ONSN

£10181y 3urjowus
Aue noyim = SN

IedA © 10§
Kep/ayes Jo sytun G > AN
AdS> SN
Aep/yunp 1> AN

s1eak o¢< paddoss 10
A1331ns 03 1ou1d XJOTS SN

ummaty 10 Sunjows
0008q0) JO A10JS1Y OU = SN

ANSN uonrugadq

(6) 9¢

(b1) 65

(05) 68

aanisod) syusned
Jo J_aquunpN

(VN) ot anguo) [e1Q
(€)se anguo) [e10
(1€) v anguo) [e1Q
(om) €2 £1aed RI0
(¢) Lg xuAreydoiQ
D Ly 309U 2 PeS]

Le) 1L 309U pue pesH

(Mo anguo) [e10
(sased

uonedo|

Jowng,

£Sd.L
Surpnpour

‘sIayIewr HSIA

£5d1

Surpnyour

‘sargoxd
uoneInN

£6d.L

Surpnyour

‘sorouanbaiy
uoneINW dUID

£6dL

£5d.L

Surpnpour

‘sapgoad
uoneIN

£6dL

£6dL

£9d.L
Surpnpour
‘SuOTIRINU AU

I93ourexed
JIR[NIJ[OIN

(sereas payun)
col® 10 BSSUBM

(a10de3UIs)
sl 19 UBL

(sarers panun)
25I® 30 BULISYOId

(Auew1on)
15I® 30 PIeMIsO

(ooue1y)
ogl® 30 TURYSIIN

(ueder)
2c® 10 BwRAnIRN

(ueder) |, [e 30 SUNJEN

(saress
panun) (eI

(A13unod) IdUdIY

(ponunuo)) T HTIV.L



314 Wl L EY MULDER ET AL.

molecular parameter was tumor protein p16, often used as
a surrogate marker for HPV infection. TP53 mutations,
usually present in OTSCC, and p53 protein expression were
analyzed in 19% and 10% of the included studies, respec-
tively (Table 1). Although a variety of other molecular
parameters have been reported, these concerned sporadic
findings and were mostly identified in small numbers of
NSND (Figure 2). However, most noticeable were the num-
ber of studies indicating a higher impact of the immune
response in tumors of NSND compared to SD, with the
description of the interferon y (INFy) and nuclear factor
kappa-light-chain-enhancer of activated B cells (NFKB)
pathways, including interleukin-10 (IL-10), programmed
death-1 (PD-1), programmed death-ligand 1 (PD-L1),
indoleamine 2,3-dioxygenase 1 (IDO-1), and tumor-
infiltrating lymphocytes (TILs) (Supplementary Table 3).

TP53 truncating mutations were more common
in patients with no risk habits

Study remarks

3.2 | Assessment of study quality

Eleven included studies met all criteria for external
validity,?”#144:455459,61,62.6467.71 \whereas another study
met all criteria for internal validity.>* Five out of seven
criteria for internal validity were met in 10 stud-
ies,!82%38:99.68.73.75,79.8084 whether or not the molecular
parameter was interpreted without knowledge of the
patients’ clinical characteristics was the most frequently
underreported critical appraisal item (20% scored yes),
followed by the items univariate and multivariable statis-
tics in particular for NSND (32%) and the item of a clear
NSND definition (34%)(Supplementary Table 4).

A molecular parameter in an exclusively NSND popu-
lation was reported in 14 studies.'”"-30-3436.:41:45,59.76.84-87
For the other studies, it was unclear if the nonsmokers
were the same patients as the nondrinkers and vice versa.
There was a large variety in definitions for considering
someone as a NSND. Usually, it was a general definition
like “never used tobacco or alcohol.” More specific defini-
tions for nonsmoking varied from “<100 cigarettes in
their lifetime” to “...smoked less than 10 pack-years prior
to the surgical resection of HNSCC.”®””! For nondrink-
ing, the definitions ranged from never having “consumed
at least 1 drink/week continuously for at least 6 months”
to “drinking less than five units of sake (=140 g alcohol)
per day for 1 year” (Table 1).>”>2

alcohol or chewing

NSND = no smoking,
habit

Definition NSND

24 (8)

patients (positive

cases)

Number of
24 (8)

Tumor
location
Oral cavity

Molecular
parameter
TP53

3.3 | Meta-analysis on molecular
parameters HPV, p16 overexpression, and
TP53 mutations

(Continued)

Reference (country)
Zanaruddin et al®*
(Malaysia)

Twelve studies detected HPV presence using at least two
identification techniques in HNSCC of nonsmokers, and

Abbreviations: cig, cigarettes; HNSCC, head and neck squamous cell carcinoma; HPV, human papilloma virus; HR, high risk; IHC, immunohistochemistry; LSCC, laryngeal squamous cell
carcinoma; NA, not available; ND, nondrinkers; NS, nonsmokers; OPSCC, oropharyngeal squamous cell carcinoma; OS, overall survival; OSCC, oral squamous cell carcinoma; OTSCC, oral
tongue squamous cell carcinoma; PFS, progression-free survival; PY, pack-years; RCT, radiochemotherapy; SCC, squamous cell carcinoma; TSCC, tonsillar squamous cell carcinoma.

TABLE 1
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FIGURE 2 Number of studies and type of HPV
detection method of molecular parameter p16
TP53

evaluation in head and neck squamous cell
carcinoma of nonsmokers and nondrinkers.

p53

PIK3CA

IHC, immunohistochemistry; ISH, in situ
hybridization; PCR, polymerase chain reaction;
Seq, sequencing; TILs, tumor-infiltrating
lymphocytes [Color figure can be viewed at
wileyonlinelibrary.com]

Molecular parameter

Cyclin D1
DDX3

EGFR

FAT1

INFy pathway
NOTCH1
CDKN2a
C-myc
DNMT1
GTSP1
IDO-1

IL-10

MSI

NFKB pathway

PD-L1/ PD-1

pRb

PRR4
Prx1
SFRP4
SLPI

S
%}
N
L

all but one of these studies reported on nondrinkers too.
HPV-16 was the most frequently detected parameter,
followed by HPV-18 and HPV-33. Furthermore, HPV
types 31, 35, 51, 56, and 58 were described as well,
although it was not specified if these types were present
in the NSND and/or SD population. HPV was found sig-
nificantly more frequent in NSND compared to SD
(ORponsmoker = 6.22, 95% CI 4.65-8.32, P < .001, I = 45%;
ORpondrinker = 3.45, 95% CI 2.59-4.61, P < .001, I* = 31%)
(Figure 3A,B). This significant difference in prevalence
was more pronounced in OPSCC, with a pooled preva-
lence of 62% (n 146/237) in nonsmokers and 41%
(n = 101/249) in nondrinkers, compared to a HPV preva-
lence of 21-22% (n = 284/1.385 and n = 259/1200) in the
SD group. In non-OPSCC, the HPV prevalence was
approximately 22% (n 31/141 and n = 46/224) in
NSND vs 11% (n = 79/683 and n = 51/489) in SD.

Of the 12 studies describing a strong and diffuse
pl6-staining pattern in tumors of nonsmokers, 8 pres-
ented data on nondrinkers as well. In OPSCC, p16 over-
expression was significantly more prevalent in
nonsmokers (OR = 7.28, 95% CI 5.25-10.08, P < .001,
P= 20%) and nondrinkers (OR = 3.73, 95% CI 2.58-5.40,
P < .001, I’ = 74%) compared to SD. Similar results were
found in non-OPSCC of nonsmokers vs smokers
(OR 1.65, 95% CI 1.12-2.43, P =.01), which just

Detection method:
PCR

IHC

ISH

Seq

IHC + PCR

IHC + ISH

PCR + ISH

PCR + Seq

IHC + PCR + ISH
IHC + PCR + Seq

T T T 1

10 20 30 40
Number of studies

UUDUDUU.DDUUUU.‘E—“HUHEHH

OBRCECNEODR

o

remained significantly different after sensitivity analysis
(OR = 1.51, 95% CI 1.01-2.26, P = .04) (Supplementary
Figure 1), but not in nondrinkers vs drinkers (OR = 1.09,
95% CI 0.69-1.72, P = .72) (Figure 3C,D).

Tumor protein p53 could not be pooled because defi-
nitions for positivity were too heterogeneous, ranging
from a “clear brown color, regardless of the staining
intensity” and “>5% staining” to “>50% nuclear/cytoplas-
mic staining.”***”7%”7 When looking at least at exon 5-8
(coding the DNA binding portion of p53 and containing
>90% of the mutations described in HNSCC), TP53 muta-
tions were found in 35% of the 235 nonsmokers presented
in the six included studies.”* Though this percentage is
significantly lower than the prevalence of TP53 muta-
tions found in the smokers group of these studies (45%
[n = 305/676], OR = 0.65, 95% CI 0.47-0.91, P = .01), it
still is a considerable percentage. When pooling the data
on nondrinkers and drinkers, there was no significant
difference in TP53 mutation prevalence (OR = 0.75, 95%
CI 0.54-1.03, P = .09), with 41% of the 231 nondrinkers
having a TP53 mutation (Figure 3E,F). The TP53 muta-
tions usually consisted of a G:C-A:T transition, which is a
mutational signature related to aging and ultraviolet light
exposure.”>818488 1 addition, mutations in the
abovementioned studies were reported in exons 4 to
8 and 10, repeatedly at a CpG site, and were less common
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(A)

Non-smokers Smokers 0Odds Ratio 0dds Ratio
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FIGURE 3 Meta-analysis on the prevalence of molecular parameters HPV (A,B), p16 overexpression (C,D) and TP53 mutations (E,F)
in head and neck squamous cell carcinoma of nonsmokers vs smokers (A,C,E) and nondrinkers vs drinkers (B,D,F). The presence of HPV

and p16 overexpression were analyzed separately for oropharyngeal and nonoropharyngeal squamous cell carcinoma [Color figure can be

viewed at wileyonlinelibrary.com]

in nasopharyngeal squamous cell carcinoma and HPV-
positive OPSCC.>>7179-81,84

4 | DISCUSSION

The rapidly developing field of molecular research is
identifying a growing number of biomarkers for cancer
diagnosis, prognosis, therapy selection, or therapy effect
evaluation. Despite the rich body of molecular data on
HNSCC in SD, there is little comprehensive information
on specific molecular parameters underlying

carcinogenesis in NSND, in which the carcinogenesis is
expected to be different. In the reviewed literature, the
most prevalent and most frequently reported molecular
parameters in NSND are well known from tumors in SD:
HPV, tumor protein p16 overexpression, TP53 mutations,
and tumor protein p53 immunohistochemistry (IHC).
Nonetheless, there is substantial heterogeneity in defini-
tions for both constructs; NSND and parameter positivity.
The current meta-analysis showed a higher prevalence of
HPV in both OPSCC and non-OPSCC of NSND com-
pared to HNSCC in SD. Similar results were found
for p16 overexpression in OPSCC of NSND and in
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non-OPSCC of nonsmokers. Remarkably, specific TP53
mutations were detected in more than a third of the
included NSND.

A great variety in the definition of the construct
NSND was found in the literature, even including
descriptions such as “less than 10 pack years prior to the
surgical resection of HNSCC” or “drinking <140 g alco-
hol/day for a year.”>>”! The International Head and Neck
Cancer Epidemiology (INHANCE) consortium encoun-
tered a similar variety in the definition of the construct
NSND in their pooled data analysis from patients in
Europe and the Americas, with definitions such as
“smoking one-half pack or more per week for >1 year”
and “consumed an average of one or more drinks per
week for 1 or more years” for smokers and drinkers,
respectively.®” For smoking, an accurate definition seems
necessary, as the INHANCE consortium concluded that
there is no harmless level of tobacco consumption, with
already an increased risk of getting HNSCC when
smoking >0-3 cigarettes/day.”® In their re-analysis of
case-control studies, Dal Maso and colleagues also found
a steep increase in HNSCC risk with increased tobacco
consumption, starting from 1 cigarette/day, regardless of
ethanol intake.! However, for alcohol, there seems to be
a threshold effect at approximately 50 g/day in non-
smokers before the increased HNSCC risk starts." There-
fore, when analyzing nondrinkers, a less strict definition
of the construct nondrinking may be opted for.

The present meta-analysis showed that the HPV and
pl6 overexpression prevalence in OPSCC was over 60%
(nppy = 146/237 and ny,;6 = 243/338) in nonsmokers and
40% (ngpy =101/249 and nye = 100/236) in non-
drinkers, compared to 20% (ngpy = 284/1.385, nypy =
259/1.200, nps = 446/1.623, and n,ye = 267/1.136) in
SD. A wide range of HPV prevalence has been reported
in both OPSCC and non-OPSCC, summarized by
Kreimer and colleagues in their systematic review of
60 studies, with an overall HPV prevalence of 36%
(n = 345/969) in OPSCC." This is higher than the HPV
prevalence in SD of the current meta-analysis, but HPV
status was solely based on PCR results and the smoking
and drinking habits of the patients were not reported in
the study by Kreimer and colleagues. Our results are in
concordance with other studies analyzing large cohorts of
OPSCC based on HPV DNA in combination with either
E6*I mRNA or p16 IHC, where a HPV prevalence of 22%
(n = 243/1.085) was found, rising up to 50% to 60%
(patient numbers not displayed) in patients from South
America, Northern Europe, Central Eastern Europe, and
Australia, and going further up to 80% (n = 59/73) in
nonsmokers.**> Although the first phase III de-
escalation trial for HPV-positive OPSCC had turned out
in favor of the standard treatment cisplatin-based

(opposed to cetuximab-based) chemoradiotherapy,
including >50% nonsmokers (defined as “never smoked”)
in both study arms, results of other trials are still being
awaited.”>** Therefore, the higher HPV prevalence in
NSND might affect the treatment strategy of these
patients considerably.

The present meta-analysis determined a HPV preva-
lence just over 20% (n = 31/141 and n = 46/224) in non-
OPSCC of NSND, being comparable to the HPV preva-
lence in OPSCC of SD (n = 284/1385 and n = 259/1200).
The SD with non-OPSCC had a significantly lower HPV
prevalence of 11% (n = 79/683 and n = 51/489). These
percentages are higher than Castellsagué and colleagues
found in their analysis of oral (n = 1264) and laryngeal
(n = 1042) squamous cell carcinoma, with a HPV preva-
lence up to 7% in South America, Central America, and
Northern Europe.’® This difference might be the result of
inclusion of more recent studies in the present systematic
review in combination with a worldwide rising HPV
prevalence, or because of a higher prevalence in NSND.
Kreimer and colleagues reported an overall HPV preva-
lence in non-OPSCC similar to the prevalence of the
NSND.”! Again, this might be an overestimation since
these data are only based on HPV detection using PCR
and on the HPV prevalence including SD.

Contrary to expectations, the pl6 overexpression and
HPV prevalence were similar, both in OPSCC and non-
OPSCC. Therefore, it has been recommended to combine
PCR, ISH, IHC, or sequencing assays for obtaining an
optimal sensitivity and specificity for biologically active
HPV detection.’>°>?® This is clinically relevant because
only OPSCC with transcriptionally active HPV are related
to a better survival compared to biologically inactive vari-
ants.”>® This difference in sensitivity/specificity between
HPV DNA and p16 IHC detection was reported in several
studies reviewed in the present meta-analysis too, with
none of the studies presenting a perfect relationship
between HPV DNA and pl6 IHC detection, neither in
OPSCC nor in non-OPSCC.'#*34%3 Therefore, only stud-
ies confirming the presence of HPV with at least two
techniques were included in this meta-analysis, with p16
IHC being a valid confirmation technique in OPSCC
when there was >70% positivity or diffuse intense/strong
staining (Supplementary Table 2).

Following genome sequencing data, signatures of
TP53 mutational processes in human cancers have previ-
ously been determined.®®®” Signatures contributing to a
significant number of somatic TP53 mutations in HNSCC
include signature 1B (associated with aging), signature
2 (associated with apolipoprotein B editing complex), sig-
nature 4 (associated with smoking), and signature 7 (asso-
ciated with ultraviolet light exposure). Signature 1 is
related to relatively elevated rates of spontaneous
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deamination of 5-methyl-cytosine that are acquired over
a human lifetime, at a relatively constant rate in normal
somatic tissue that is similar in different people, which
may result in cancer in elderly people via C > T transi-
tions.”” This mutation is in concordance with the TP53
G:C-A:T transitions reported in two of the included stud-
ies of this meta-analysis (C > T in 14% (1/7) and 41%
(9/22)).°*%* An explanation for a higher prevalence of
this signature could be the typically higher age of NSND
compared to SD.”*!! Signature 7 shows a higher preva-
lence of C > T mutations in untranscribed strands of
genes following ultraviolet light exposure, impairing the
transcription-coupled nucleotide excision repair. This fits
the C > T mutations found in lip tumors of one included
study (C > T in 60% [6/10]), where sunlight might play a
dominant role in squamous cell carcinoma of the lip area
between the vermilion border and wet line.*" Although
C > A mutations, typical for smoking-related tumors as a
result of the tobacco carcinogen benzo[a|pyrene, have
previously been observed in smaller numbers of oral cav-
ity and pharyngeal tumors of nonsmokers, this finding
could not be confirmed in the current meta-analysis.*®
These data strengthen the premise of a different pathway
of carcinogenesis resulting in TP53 mutations in HNSCC
of NSND compared to SD, with a more prominent role of
spontaneous C > T mutations acquired over a patient's
lifetime as a result of aging in the former group, opposed
to C > A mutations resulting from tobacco exposure in
the latter group.

TP53 mutations are of interest as a biomarker because
tumors containing these are associated with a more
aggressive and therapy-resistant phenotype.”®® Many
studies analyzed the concordance between TP53 muta-
tions and its gene product, p53 protein expression, as a
cheaper and faster THC assay.'°®!°’ In addition, p53
activity is often inactivated following the expression of
oncoprotein E6.>* However, discrepancies have been
reported between p53 THC and the mutational status of
the TP53 gene.'°>'! Possible explanations proposed by
Hafkamp and colleagues include the following: (a) the
frequently used IHC DO-7 antibody binds to both normal
and mutant p53 protein, (b) the TP53 mutations occur
outside the common exons 5 to 8, (c) upregulation by
genotoxic insults like the aforementioned ultraviolet radi-
ation exposure, or (d) lack of functional E6 expres-
sion.**7%761% For these reasons, the p53 protein was not
included as a molecular parameter in the present meta-
analysis.

The present study has some limitations. First, the
inclusion criterion for study selection that “the results of
the molecular parameter in HNSCC of NSND had to be
reported in the title or abstract” might have introduced
selection bias, as the parameter could have been

portrayed in the tables or full text without an explicit
description of this criterion in the abstract. However, as
the main aim of the present systematic review was to pro-
vide an overview of potential molecular parameters
underlying head and neck carcinogenesis in NSND,
reporting of important parameters in the title or abstract
was assumed. Secondly, molecular parameters may have
been found less potential in other studies and therefore
may not have been published, resulting in publication
bias. To limit this bias, articles reporting that HPV, p16
overexpression, TP53 mutations, and p53 protein expres-
sion play no role in the head and neck carcinogenesis of
NSND were included as well. Thirdly, the methodological
quality assessment of the included studies showed great
heterogeneity in internal and external validity across
studies. Therefore, the focus during critical appraisal was
on well-described detection methods and reproducibility
of the study protocol for inclusion in the meta-analysis.
Fourthly, older studies could have reported on pl6
expression without knowing its correlation to HPV infec-
tion in OPSCC, therefore not applying the nowadays
accepted cutoff value of >70% positivity or diffuse
intense/strong staining in tumor tissue. As a result, possi-
ble HPV positive cases could have been excluded from
the meta-analysis, which may have an impact on the
reported HPV prevalence in this study. Finally, analyses
of the data on nonsmokers and nondrinkers had to be
performed separately as in the majority of the studies it
was unclear if these groups showed overlap in tobacco
and alcohol consumption. Moreover, studies were not
excluded based on their definition of the construct
NSND, so consumption of either tobacco or alcohol
might have played a minor role.

This systematic review summarizes the current
knowledge about the underlying carcinogenic mecha-
nisms in NSND. HNSCC in these patients is more often
related to the molecular parameters HPV and tumor pro-
tein p16 overexpression compared to tumors of SD. In a
third of virus-negative tumors, TP53 mutations were
detected with a mutational profile associated with aging
and ultraviolet light exposure (in lip squamous cell carci-
noma) rather than to tobacco consumption. Future
research should consider a strict definition of the con-
struct nonsmoker (ie, <100 tobacco products/lifetime),
whereas a less strict definition of the construct non-
drinker could be opted for (ie, <1 alcoholic drink/day).
For the sporadically reported molecular parameters in
tumors of NSND, such as immune response and check-
point factors including the INFy and NFKB pathways,
larger studies are needed to confirm the value of these
molecular parameters in cancer diagnosis, prognosis,
individualized therapy selection, or therapy effect evalua-
tion in NSND.
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