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Abstract

Purpose The aim of this study was to evaluate the capability
of biomarkers to predict the risk of oral mucositis in head and
neck cancer patients, as well as to assess the correlation be-
tween these biomarkers and the severity of mucositis.
Methods The search was performed at LILACS, PubMed,
Science Direct, Scopus, and Web of Science. A search of the
gray literature was performed on Google Scholar, OpenGrey,
and ProQuest. The methodological quality of the included
studies was assessed using the Meta-Analysis of Statistics
Assessment and Review Instrument (MAStARI) tool, and the

evidence quality was assessed by the Grading of

Recommendation, Assessment, Development, and Evaluation
(GRADE) system.

Results After a two-step selection process, 26 studies met the
eligibility criteria. In total, 27 biomarkers were evaluated, and
the most frequent were the epidermal growth factor (EGF), C-
reactive protein (CRP), genetic polymorphisms, tumor necro-
sis factor alpha (TNF-x), and erythrocyte sedimentation rate
(ESR). The meta-analysis showed an expression of
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polymorphisms in XRCC1 (32.66%), XRCC3 (31.00%),
and RADS1 (39.16%) genes, as well as an expression of pro-
tein biomarkers (39.57%), in patients with an increased risk of
developing oral mucositis.

Conclusions Dosing biomarkers before starting radiation
therapy may be a promising method to predict the risk of
developing mucositis and allow radiosensitive patients to have
a customized treatment. Although there is currently limited
evidence to confirm the putative implementation of serum
and salivary biomarkers to assess the correlation between
them and the severity of mucositis, this current review pro-
vides new research directions.

Keywords Biological markers - Oral mucositis - Head and
neck cancer - Radiotherapy - Systematic review -
Meta-analysis

Introduction

Lip, oral cavity, and pharyngeal cancers are head and neck
cancer (HNC) subside that have been estimated to be respon-
sible for 529,500 incident cases and 292,300 deaths in 2012,
accounting for about 3.8% of all cancer cases and 3.6% of
cancer deaths [1]. The main objective of the treatment for
HNC, which is performed by surgery, radiation therapy
(RT), and chemoradiotherapy (CRT), is to maximize the prob-
ability of cure, while minimizes the risks of toxicity that com-
promise patient’s function and quality of life [2]. Many com-
plications can arise from the nonsurgical therapy of cancer,
and the most common are mucositis, dermatitis, taste alter-
ation, xerostomia, dysphagia, anorexia, and fatigue [2, 3].
Oral mucositis (OM) is an inflammatory response of the oro-
pharyngeal mucosa due to cancer therapy, and it is considered
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one of the most significant of all side effects in the head and
neck region. It is usually a limiting factor for the intensifica-
tion of therapy, and it may lead to a break in the treatment,
compromising its efficacy [2—6]. OM is characterized by ery-
thema, ulceration, swelling, and pain. It has different levels of
severity that vary between patients and can be more severe
when there is an association of chemotherapy (CT) and RT [5,
7, 8]. OM is a painful condition that affects patient’s quality of
life because it impairs the ability to eat, to swallow, and to talk,
which increases the costs because it requires hospitalizations
due to necessity of pain control, use of parenteral nutrition,
and infection management [4, 6, 9]. Mucositis grade may vary
according to the dose of treatment, size of irradiated area, and
fractioning planning and seems to be regulated by many mol-
ecules, for example epidermal growth factor (EGF) and tumor
necrosis alpha (TNF-«), supporting that mucositis is not just
an epithelial process [5, 10].

Heterogeneity in the response to RT in normal tissues is
observed among patients who are treated with identical doses
of radiation. Comprehending the molecular details of the path-
ogenesis of OM allows the early identification of patients
prone to develop severe OM, as well as facilitate the monitor-
ing and characterization of this adverse effect [11]. Clinical
studies have been made in order to obtain a biomarker capable
to predict the risk of the patient, so that protocols of individual
treatments can be planned [3, 11]. A biomarker is any struc-
ture, substance secreted by the tumor, metabolic pathway, or
process that can be employed for diagnosis, prognosis, and
prediction of pathogenic processes or pharmacological re-
sponses to a therapeutic intervention, which can be measured
accurately and reproducibly [12]. Proteins are the main bio-
markers, and they can be detected in fluids, like blood and
saliva, or body tissues [13]. In this way, knowing that a patient
has an elevated risk of developing OM will help to plan a
customized intervention with curative surgery, peripheral RT,
or low-dose CT, to prevent the development of the condition
[9].

Thus, the purpose of this systematic review and meta-
analysis was to identify biomarkers for the prediction of risk
of oral mucositis in head and neck cancer patients, as well as
to assess the correlation between these biomarkers and the
severity of mucositis.

Methods

This systematic review reported accordingly the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) checklist [14]. The protocol was registered at the
International Prospective Register of Systematic Reviews
(PROSPERO) database under registration number
CRD42016037299 [15].
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Study design

A systematic review of human studies was undertaken to eval-
uate the capability of biomarkers to predict the risk of occur-
rence of OM and to assess the severity of OM in HNC
patients.

Eligibility criteria
Inclusion criteria

Articles that evaluated biomarkers of patients with HNC un-
dergoing RT or CRT to predict the risk of occurrence of OM or
to assess the severity of OM related to cancer treatment were
reviewed. Only patients under RT or CRT were included be-
cause according to the NCCN guidelines for treatment of new-
ly diagnosed HNC, the standard therapy is based on the per-
formance status of the patient and RT is always in the treat-
ment protocol, whether as a definitive therapy, associated with
systemic therapy, or as palliative treatment [16].

Exclusion criteria

Studies were excluded for the following reasons: (1) studies
that evaluated gastrointestinal mucosa; (2) patients with other
types of cancer, different from HNC; (3) data not individual-
ized for HNC; (4) only chemotherapy was used to cancer
treatment; (5) no correlation between biomarkers and
severity/risk of development of OM; (6) reviews, letters, per-
sonal opinions, book chapters, and conference abstracts; (7)
association between biomarkers and OM in experimental
studies (clinical trials, in vitro or in vivo animal studies); and
(8) language restrictions.

Information sources and search strategy

Studies to be considered for inclusion were identified using an
individual search strategy for each of the following electronic
databases: LILACS, PubMed, Science Direct, Scopus, and
Web of Science (Online Resource 1). A partial gray literature
search was performed using Google Scholar, OpenGrey, and
ProQuest Dissertations & Theses Global. The search across
the databases included all articles published up to the 25th of
January 2016, and the gray literature search included all arti-
cles published up to the 1st of February 2016, with no time
restriction. Duplicated references were removed by reference
manager software (EndNote®, Thomson Reuters). In addition,
the reference lists of selected articles were hand screened for
potential relevant studies that could have been missed during
the electronic database searches.
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Study selection

The study selection was completed in two phases. In phase 1,
two authors (AGCN and CLR) independently reviewed titles
and abstracts identified in all electronic databases and selected
articles that appeared to meet the inclusion criteria. In phase 2,
the same authors (AGCN and CLR) independently read the
full text of all selected articles and excluded studies that did
not meet the inclusion criteria (Online Resource 2).
Disagreements between the two initial evaluators were solved
by consensus. When they did not reach a consensus, a third
reviewer (ENSG) was involved to make a final decision.
Reference lists for all included articles were critically assessed
by AGCN. The articles that were selected from the reference
lists were read by AGCN and CLR.

Data collection process

One author (AGCN) collected key information from each se-
lected article. A second reviewer (CLR) cross-checked the
collected information and confirmed its accuracy. Again, any
disagreement between them was resolved by discussion and
mutual agreement among AGCN, CLR, and ENSG. For all of
the included studies, the following information was recorded:
year of publication, author(s), country, sample size (cases of
HNC and non-HNC controls), patient age, drug dose, type and
class of biomarkers, study methods, type of study, and main
conclusions.

Risk of bias in individual studies

The risk of bias of selected studies was evaluated using the
standardized critical appraisal instrument for risk of bias
assessed by the Meta-Analysis of Statistics Assessment and
Review Instrument (MAStARI) critical appraisal tools [17].
Risk of bias was categorized as high when the study reaches
up to 49% score “yes,” moderate when the study reached 50
to 69% score “yes,” and low when the study reached more
than 70% score “yes.” AGCN and CLR scored each item as
“yes,” “no,” “unclear,” or “not applicable” and assessed in-
dependently the quality of each included study (Online
Resource 3). Disagreements were resolved by a third reviewer
(IPT).

Summary measures

The primary outcome for this systematic review was the ca-
pacity of biomarkers to predict the risk of occurrence of OM in
patients with HNC undergoing RT or CRT. A secondary out-
come was the capability of biomarkers to assess the severity of
OM in HNC patients. Any type of outcome measurement was
considered in this review (categorical and continuous
variables).

Synthesis of results

Proportion meta-analysis of polymorphisms and protein ex-
pression associated to the risk of developing OM was per-
formed using MedCalc statistical software, version 14.8.1
(MedCalc Software, Ostend, Belgium), based on values of
subjects from the total sample and from cases where the poly-
morphisms or proteins were expressed. Heterogeneity was
calculated by inconsistency indexes (%), and a value greater
than 50% was considered an indicator of substantial heteroge-
neity between studies [18]. The significance level was set at
5%.

Risk of bias across studies

Clinical heterogeneity (by comparing variability among the
participant’s characteristics and outcomes studied), methodo-
logical heterogeneity (by comparing the variability in study
design and risk of bias), and statistical heterogeneity were
considered.

Confidence in cumulative evidence

The Grading of Recommendation, Assessment, Development,
and Evaluation (GRADE) instrument [19, 20] assessed evi-
dence quality and grading of recommendation strength in the
26 studies included in qualitative synthesis. This assessment
was based on study design, risk of bias, inconsistency, indi-
rectness, imprecision, and other considerations. Evidence
quality was characterized as high, moderate, low, or very
low [19, 20]. The GRADE was assessed using the website
http://gradepro.org.

Results
Study selection

In phase 1 of the study selection, 1028 citations were identi-
fied across the five electronic databases. After the duplicate
articles were removed, 893 citations remained.
Comprehensive evaluation of the titles and abstracts was com-
pleted, and 857 articles were excluded, so 36 articles were
selected after phase 1. The search with Google Scholar yielded
296 references, of which only one was included for full-text
analysis and included in data collection. Six additional articles
were identified from the reference lists of the identified stud-
ies, but only two of them were included in the analysis.
Twenty articles were identified using ProQuest and four arti-
cles were identified using OpenGrey, but none of these studies
were included.

A full-text review was conducted on the 43 articles re-
trieved from phase 1 of the selection. This process led to the
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exclusion of 17 studies [21-37]. At the end, 26 articles were
selected for descriptive analysis [3, 11, 38-61]. A flow chart
detailing the process of identification, inclusion, and exclusion
of studies is shown in Fig. 1.

Study characteristics

The studies were conducted in 16 different countries: Belgium
[60], Brazil [48], Canada [46, 55], China [52], Finland [53, 58],
Germany [11, 47, 49, 50], Greece [61], India [3, 38, 41], Iran
[57], Israel [54], Italy [56], Korea [S1], Sweden [44], Taiwan
[39, 40], UK [59], and USA [42, 43, 45]. All 26 studies were
published between 1994 and 2015, three of them were conduct-
ed before the 2000s, and the other 23 studies were published
after 2000. One study [37] was excluded because it was written
in Chinese, and the authors could not analyze it. Thus, all of the
included studies were published in English.

The total sample from the 26 selected studies included
1007 individuals affected by HNC. Sample size ranged from
10 [45] to 183 [3] HNC patients. All of the included studies
evaluated patients undergoing RT, but some studies appraised
patients who underwent both RT and CRT.

Different biological factors were detected in different sam-
ples such as saliva, blood, and tissues. Sixteen studies (62%)
evaluated serum biomarkers, seven studies (27%) appraised
salivary biomarkers, and the three remaining studies (11%)
evaluated the biomarkers on biopsy specimens and cytologi-
cal smears.

A summary of the descriptive characteristics for the includ-
ed studies that assessed serum, salivary, and tissue biomarkers
is presented in Tables 1, 2, and 3, respectively.

Risk of bias within studies

The summary of risk of bias assessment of the 26 included
studies is presented in Table 4. Seven studies were graded as a
moderate risk of bias, while the other 19 were considered as a
low risk of bias. In item 2 of the MAStARI methodological
quality criteria, the patients were only considered to be at a
similar point in the course of their condition if all of them were
exposed to the same treatment (only RT or only CRT). Item 3
(Has bias been minimized in relation to selection of cases and
of controls?) was applicable only for the studies with case and
control groups included in the present review [41, 43, 48, 59].
Item 5 (Are the outcomes assessed using objective criteria?)
was entirely scored as “yes” because in all studies, the mea-
surement tools used were validated instruments. The majority
of the studies had a follow-up over a sufficient time period,
measured the outcomes in a reliable way, and used appropriate
statistical analysis. On the other hand, most studies did not
identify confounding factors nor described the outcomes of
people who withdrew.
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Results of individual studies

Despite heterogeneity among the types of biomarkers evalu-
ated, many studies concluded that the biomarkers tested had
the capability to correlate with the severity of OM in HNC
patients [11, 3842, 44-46, 48-51, 54, 55, 61] or predict the
risk of occurrence of OM [3, 11, 46, 56, 60]. Although many
studies had as main purpose finding an association between
biomarkers and the appearance of mucositis, the conclusions
of'the studies also indicated a possible correlation before treat-
ment. In this way, a patient who has, prior to radiotherapy, a
high level of a certain biomarker that has already been known
to be overexpressed in patients with severe OM is more likely
to develop mucositis during the treatment.

Synthesis of results

In total, 27 biomarkers were assessed in the included studies
(Fig. 2). To easily interpret the results, the biomarkers were
grouped in eight different groups: growth factors, acute-phase
inflammatory markers, genetic factors, cytokines, general pro-
teins, plasma antioxidants, apoptotic proteins, and cells
(Fig. 3). The most frequent types of biomarkers were growth
factors, other inflammatory markers, and genetic factors
(Online Resource 4).

Among the growth factors, stood out the EGF and
transforming growth factor beta 1 (TGF-31) that were ap-
praised in seven of the 26 studies. It was observed that there
was a trend of reduced EGF levels in patients with severe OM,
corroborating the hypothesis that patients with lower levels of
EGF prior to therapy may be at increased risk of mucosal dam-
age during RT [43, 45, 46], although Citrin et al. [42] could not
find a variation in the concentration of EGF (p = 0.0001).
Differently, the TGF-31 levels seemed to be elevated if the
radiation toxicity was severe [39, 40], while Lundberg et al.
[53] could not find a significant correlation between the severity
of mucositis and the TGF-31 genotype (p = 0.25).

The most frequent acute-phase inflammatory markers ana-
lyzed were C-reactive protein (CRP) and erythrocyte sedi-
mentation rate (ESR), and three studies [41, 51, 55] evaluated
both markers, since the two are related to acute phase re-
sponse. The studies demonstrated a significant increase in
CRP and ESR levels towards the end of RT and found a
correlation between those high levels and fraction number
and grade of mucositis. Only Ki et al. [51] could not find
any relationship between ESR levels and the fraction number
or the grade of mucositis (p = 0.58).

The other biomarker that was very frequent among the
studies was the genetic polymorphisms, which were analyzed
in three different studies [3, 56, 60]. Higher chances of devel-
oping acute toxicities like OM were reported to be associated
to polymorphisms in the XRCCI1 (p = 0.011), XRCC3
(» = 0.178), and RADS1 (p = 0.728) genes.
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Fig. 1 Flow diagram of literature search and selection criteria adapted from PRISMA [15]

The cytokines evaluated in the included studies were
IL-1, IL-133, IL-4, IL-6, IL-8, IL-10, and TNF-«. The
levels of IL-6, IL-8, IL-10, and IL-1f3 increased according
to radiation dose, and only IL-8 did not seem to be related

to severe OM [42, 54, 57, 61]. TNF-« levels seemed to be
increased in some studies [42, 61] but decreased in two
other studies [54, 57], indicating a contradiction in the
results.

@ Springer



Support Care Cancer (2017) 25:2969-2988

2974

o) JO €£0T86TST AN'S AU "odAjouas juerrea unerdso 20 puepur{
194D 2y} PUe SpIsoonw Jo AJLIOAJS A} Ansmuayo adKjoua3 + (AD 7/—99 = d3ueI) -SNH ‘les] T30
U09M)9q UOTJE[OLIOD JUBOHTUSIS OU Sem 9107, HOYo)D) uejnbe], ouan 19-ID1 £D 9 = 9s0p [€10} UBOIA! 96 = UL . ¥€ S1ogpun
aredax
VN( 10} K1oedes paonpar e pey N 2194 19—¢ = oSuey
pm spuaned ysnomre (50°0 > d) INO T9Y = ued
QI0A0S PUE JNO PIIWI (im syuaned usomioq $—¢ sopein
JUQIQJIP AJ[BOTISTIE)S JOU SBA SBAIOUT Aderoyqjowoyd + & (08-87 = 98uey 20D
sigy g “(50°0 > d) 1 Jo syutod awmn (XVTH-) D '8 F T99 = osop I'l§ = e\ -SNH euryd
IoJe] e POAIOSQO OIOM S[OAS] XV ZH-A J0UYSIH MOyo)  A1owoj&o Mo[] u1o}o1g dasa vNa T30} UBAIN 71 sopeIn o 81 ‘[zs] Teswe 1T
punoj jou
sem sopeId spisoonw [elo pue Jredar gSq
UM} UOTIB[OIIOD JUBOYIUSIS B “IOAOMOH]
"UBOW 9} JO UONBIADD PIEpUE)S | Uy JOySIy
sem 1] 7 Joge sgS parredoun Jo ojer oy
uayMm spIsoonuw €< apeid dojaadp 0y syuoned
JIOJ Y[SLI PASEOIOUI Uk Sem 919U} JBy} PUnoj [1oBIMOIONTJ-§
sem ] ((€€°0 = d) €< opeId yum syuaned pue unerdsio o)) Auewion
03 Jeqruats Jredar g (T JO Junowe [e)o) € Kdoosororu (XVZHA) + A0 99—(9 = d8uel 1L~ = o8uey -SNH ‘LLy] TR0
pey spisoonw = opeid padojaaap oym spudned  1oyo)) 90u29saIoN uraj01d dasa vNa 9sop [ej0L, 8G = UBOIA . G]  UIOISUNO9[]
spIsoonw Jo SuIpeIs ayy
0} PAJR[aI SeM UoneLIeA SIYL, (100°0 > @) 1M
JO Pud 1) SPIEMO) dSBAIOAP B Aq POMO[[0F
‘Juowean) Jo Aep Uity oY} [IUN 9SLIOUT
JuROITIUSIS © POMOYS S[OAJ] YSH YL
"JUSWEAT) JO SY0M ISIJ Oy} UT AJUO apeIs
SIISOONW PUB J3) USIM)IQ UONB[OLIOD spoof 20 BIpUL
& sem o1, (100°0 > @) 14 JO pud o -qns  -SNH  ‘[1v] e
SPIeA0) PaseaIour APUedYIUuSIS S[AS] JYD AYL HOY0D) aN Surl0ld - YSH Pue 4D aN AN Agreay og 0¢ BUBIAYD
[049] 1¢-4D, ewse|d 1oySiy
0} pajejar sem AdeIoyowayd JUALINOU0d
pue uoISaI1 Joou pue peay AP Jo Iy 20
Aq pasned snisoonur 9ynoe jey) Sursa33ns unerdso -SNH uemIB]
(500 > d) 910A9s seM AIDIX0) UOLIPRI Oy} + 4D OL-6§ =9s0p 9687 = d3uey ST ‘loy]
UM PAJRADd St [9A9] [-4DL ewse[d oy, 10YoD) VSI'Td urjold 19-d0L [BI0L  T'Ep = UBN e OdN VI Te 30 uay)
yuoumean; DN Jo dn-mofjoy
oY) 10J JOYIBWIOIq © Se [nJosn 9q Aewl
19-4DL "1oa0] 1¢-IDL ewserd 1oysmy oy
0} 9INQLIYUOI OS[E JIOSH JOUIn) Y} UeY) JOYIO [19eINOIONJ-G+
sonss pagewep Y (£500°0 = d) 9I0A3S unerdsio YO unerdsio ueMIB],
SeMm AJIOTX0) UOIRIPEI O} UYM PISeIdul + AD 0L—09 = 93uer ‘log]
Apueoyrudis o1om [¢g-D], JO S[OAS] oYL MO0 VSI'Td urjold 19-401 9sop [e10L aN e OdN 81 Te 39 U3y LD
Apmys syuaned Anunod
Jjo ONH  ‘[oouarsyor]
(ongea d) uoisnjouoo urey  adAL SpPOUIRIN sse[) sIoyIeWOIg osop Snig  (s1eakur) o8y sjopuo)  Jo "ON Joyny  JUSUIIeaI],
(91 = ) SIONIEWOIq WINIOS PAZATeUR 1By} SOIPMYS JO SONSLINOBIRYD dANdIIOSIp Jo ATewrung | d[qeL

pringer

Qs



2975

Support Care Cancer (2017) 25:2969-2988

Y1-2950€DD0UX 34} JO SI[9[e JuBLIRA JO 980t = o3uey ‘[09] e 10
20ussa1d oy} UeaMJOq PUNOF SeM UOHBIOOSSE U 1I0Y0)) NDd €09 = UedN . JONOIqIOAN
spIsoonuI
[BI0 QIOAJS YJLM PUI] d1oMm (£81STST
PU® “68G7SI ‘TYLO6LIST “SHTEITEST)
[DOYX UL SINS (8700 = d) spisoonwi [e1o
210A9s doudLadxe 0) suoid 19sS9 sowm 76 Aderayporperowoyo
Pakedsip [yD UI SuBLIBA SNOSAZOINRH paseq-wmnuneld
(€10°0 = d) (¢< opeIs) sursoonur souog swstyd + (AD 99 = uerpou) 20 erpuy
210A9s do[oAap 0} seouRyd JAYSIY SAWN 7/ {7 Jredax -TowAjod LD (0/—09 = 93uel 08—97 = a3uey -SNH ‘el Te1R
PEUY NEN JO 9[9[[B 9AISSa0aI B [JIM sjuaned 100D d0d  dSd VNd RUSEEY) 9SOp [eJ0L  pL'pS = UBSN v 8yl SyexUuaA
opeIS spIsoonw pue S[eA9] - INLL PUe [-TI
udom19q dIysuone[ar ou sem 1Y ], 'saSueyd
JuedIUSIS AUB MOYS JOU PIP [-T[ [IYM Adexayjowoyo 2D uel|
‘Aderoy) Jo yoam paryy oy Jaye Aqeroadss 0-INL + AD 7/—09 = o3ue1 -SNH ‘les] e e
‘Aderoy) Surmp paseardop 0-IN.L JO S[PA] Y, MOy0)) VSITd  seunjolk) pue [-7] 3s0p [e10], aN . 0¢ peloupakheg
(1000 = )
sonIo1X0} ANde dofeasp 03 dueYd qeuIXnied
I0y31y ® oARY D<DGTHE-D 1S AVY 10 Jo/pue ‘souexe)
D<VI611 [DIUX Ul SINS 941 yioq pim ‘roeImnolonj-g
J0 NS T 35891 18 iy syuaned (1100 = d) souod sustyd ‘wnunerd 2D
SPISOONUI JO YSH JYSIY B [IM PIIRIOOSSE Jredax -lowklod  + (AD (LS = 23uer) -SNH A ‘[96]
Apueoyrudis sem o[a[[e UIDEEE-TIDYX  HOYOD VINYH dSd VNd oneueD) A0y 9 = 950p [E10) ULA aN v 9¢  [eId Is9eld
(€0" =a) poypour
8 01 (7000 = d) 9 SooMm Je PAJRAJ[D u2IFIA)SOM
ApueoyTusIs o1om S[OA] JYD) "SeSueyd payrpowr ST
Tesoonuy/swoydwAs [earur]d jo Suruurdaq oy Kesseounurur unerdso 2D epeUR)
M SUIPIOUIOD “YUSUIEaI) JO oM PIIY) oY) Anowopoydou + AD (0L—0S = 98uel -SNH ‘[ss] Te 30
T8 00UBOYIUSIS [BO1ISIIRIS POYILAI OSLI YSH YL HOYo) el (YD sugold  YSH pue A 9sop [e10, aN R L€ POWWERYOIN
opeI3 spIsoonw pue [2A9] (-1
10 ‘g-[ “0-INLL ‘1-T1I uoamiaq drysuonefor
ou sem 210y} Inq ‘(180°0 = d) punoj up
SeA SIHISOONT QIOASS PUE 9-[ JO S[OAQ] Y1y -e1ds1o/ ) J-§/[0Xe1000p
U2M)2q UONB[LIOD Y "SaSueyd JuedlIugis 01-1I 10 NJg-g/unejdoqres
Aue moys jou pIp O[-T[ pue [-T[ 0-INL pue “0-ANL 10 N J-g/unerdso 20 [ouIs]
PIsea10dp pue g-[ pue 9-J| PIseaIour ‘8- T1 + 4D 7109 =98uer  ¢/-g[ = d8uey -SNH  ‘[vs] Tew
POMOYS PAINSEIU SOUIN0JAD JO S[OAS[ QYL HOYOD) VSITd  Sounjolk) ‘9-T1 ‘1-11 osop B0l §']S = UBQI . ST ZJIAOIIOIN
(sT°0 = d) swisoonur
PIONPUI-TD JO YSU B YIIM PIJBIIOSSE
9q 0} W3S J0U SPOP Nq 1D Joye syuoned
ONH JO [eAIAINS A PAJRIDOSSE ST [-dDL
Apmys syuaned Anunod
Jo ONH  ‘[eouarsyar]
(anfea d) uoisnpouoo urely  ddAL, SPOYIRIN Sse[D) sIoMIRWOlg osop Snug  (seek ur) a8y sjonuo)  JoO "ON Joyiny  JudUNeI],

(ponumuoo) 1 J[qeL,

pringer

Qs



Support Care Cancer (2017) 25:2969-2988

2976

Jredax
VN( 0] Aioedes paonpar e pey A 219A9S
s syuaned ySnoypre (50°0 > d) INO
QI0A3S pue NO Pl s syuoned uoomioq
JUSIOIP AJ[BONSIIBIS 10U SBM JSBIIOUL
sIgy g “(50°0 > d) 1 Jo syurod owm

JI0JE 1B PAAIISQO AI9M S[OAJ] XY ZH-A JOUYSIH Moyo)  Anowolko mofq urejo1d
(85°0 = d) spIsoonw 2)nde Jo peId 1o
1Y JO Joqunu uondelj oyl pue YSH Ueamdq
drgsuonefar jueoyudis A[[eonsnels ou
sem A1y [, “(100°0 > d) spisoonw Jo apeid
o) puE JoquINu UONdLL ) 0} FUIPI0ddE

ApuedijiusIs paseaIoul S[OA] 1Y UBIN  HOY0D V1104 Su1o}01g
punoj jou
sem sopeIs spisoonw [e1o pue Jredor gsq
U99M19q UOTB[ALIOD JUBDIIUSIS B IOAIMOH
"UBOW 1) JO UONBIADP PIBPUE)S | B JoYIIy
sem Y 4 1oye sgS paaredarun jo oyel oy
uayMm spIsoonu ¢< apeid dojaadp 03 syuoned
10J YSLI PASEAIOU UB SeM JI9U) Jey) punoj
sem ] (€70 = d) €< opeId yum syuaned

03 Jeqruas Jredar gS(J Jo junowre [)o) € Kdoosororu

pey snisoonu 7= opeid padojoasp oym sjusned  Hoyo) doudosaron|j uro)o1d
S[oA] UIIYS pue ‘[-dg 401
‘1-4D] Ul PIAIISQO 2IOM SOIUIYIP
JueOYIUSISUL [[ewWS Iy SuLmp pajou
Sem UINg[e WnIds Ul 9SeaIddp Y "esoonu
Jo uonewrwejul oy 0) pajefar Ajqissod

JID-SY ur 9searour JuedyIugIs  sem A1y [, Moyo)  anbruyoey vy Suroj01d

HSD Jo 9]01 oandaj01dorper
o) SAJRNSUOWAP Jeym ‘(G OpeId) uonoeal
UoIeIpEl QI0A0S d10W pey HSO ewseld
JO S[OAS] JOMO] I SJUSNE "SISO
[e10 9)noe pue [9Ad] HSD ewseld usomioq
UONBIDOSSE B SEM 219U} JBY) PAJRNSUOWAP SeM )] HOY0D) PO S Io)nag urajo1d
wsiydrowA[od sruy
J0 10930 2Anojo1d € 03 Sunurod ‘(¢61°0 = d)
SIISOONUI 919A3S JO Juswdoodp
o) pue NS 0] €1-"90LN3] U9amlaq punoy
SeM UONBIOOSSE QATRSOU / "SHISOONIU QIS souod
Jo ysu oy pue swisiydiowAjod (87,0 = d) Jredax
T6EE-01ISPRY pue (8L1°0 = d) DV d5d VNd

(XVTHA)
4sd VNa

S pue 44D

(XVTHA)
4sd VNa

ureIy3 pue
‘1-d94D1
‘1-401
‘urwnqre
‘D0

HSD

swstyd
-1owAjod
Jnouan)

L9-T¢ = d8uey

08-8¢ = d8uey
AD ['8 F 799 = dsop

AD TyL—9¢ =o8uer 69—/t = dBuey

£D 9909 = o8uer  [/—p} = oSuey

AD 89—)G = o3uer 11— = aSuey

§7) D (9 = 3s0p [e10],

+ £D (0,99 = d8uel

eury)

Tesl Rl

B2I0Y]

ov ‘Trs] ewy

Auewon

ILv] e R
UIISUNI[ ]

uopoms

Trr]

‘e 30 uossIyg

BIpuf

‘[8¢] e 30
uyeneyg d

wnigg

Apmys
Jjo
(anfea d) uoisnpouoo urely  ddAL, SPOYIRIN Sse[D)

s1oyIeworg

Anunod

‘[oouarayan]

IOy JUSURBAI],

(ponumuoo) 1 J[qeL,

pringer

Qs



2977

Support Care Cancer (2017) 25:2969-2988

uryo1d Sursearour-Aiqesuntdad 1o [eproLnloeq Y74 g ‘7 ewoydwA] [[90 g 7-/0g :s1oxreworg "ABSSeOUNUIWIOIPEI /7y ‘Uonoeal ureyd aserowkjod yHg Tendads uonezirejod [euosoyuo §70 ‘Anowonsads
ssew—Aydeidoyewonyo pmbip SH/S-O7 ouvu ‘Kesse dINOWOIONJOUNWIWI YA/ ‘SIsATeue Sunjow uonnjosar-ysy vyl ‘Aydeidorewornyo pmbiy amssaid-ySry 74 ‘Aesse juaqiosountuul pasul]
-OWAZUS YST74 ‘AeSSROUNIILUT SDUISIUIWN[IWSYI0NI[ Y7DH Xd[dwiod unoiq—uIpiae Hgy SpoyisjA “Kdersyorpeiowayd, 7)) ‘AdeIoyloIpel, [y ‘ewourored oau pue peay HNH PIUTULIANP 10U (JN

[01U00 = ) 9sed = Y|

wsydiowAod sryy

J0 10930 2An0j01d ® 03 Sunurod ‘(¢61°0 = d)
SISOONUI 9I9A3S JO Juswdooadp

oY) pue NS 0] €1-"90LMD] Usamlaq punog
SeM UONBIOOSSE JATRSOU / "SIISOONIU QIS
Jo yystr oy pue swstydiowkjod (87,0 = d)

T6E€-01SpRY pue (8L1°0 = d) DV swsiyd 20 wnigg
$1-79$9E€DDUX A JO SO[O[[E JUBLIEA JO -1owikjod £D 0,99 = o8uer 98—t = oFury -SNH 09l e
20u0sa1d o) USOMIOq PUNOJ SEM UONRIOOSSE Uy 100D dO0d  9Sa vNd plikliety) Jsop [0, €09 = UBAIN . €S JONOIqIOM

(AM 6€T + 0101) SUOIENUIIUOD
HSD Poojq sjoym 10 ‘(A1 0T
+ 67) AeqIodse ‘(N1 98 + L€) proe 9JeqI00SE
oun ‘(M £ + 9°1) du1d)sAd :sjueprxonue pue SI99) o0 3N
ewse[d JO SaIMSeIW pue AJLI2AS ‘proe oum SAep 7] I9AO SUONORI] -unjoA  -SNH ‘les] e 10
SI)ISOONW U9OMIOq UOIB[ALIOD OU SeM dI9Y], HOY0D) QuIdISAd ‘HSD 9¢ Ul AD) G = 9SOp [8I0L AN Ayreay o 81 UBLUPIBA\
spIsoonu
[BIO QIOAJS YJLM PUI d1oMm (£ 84GTST
PU® ‘68571 “TYLO6LIST “SHTEITEST)
TOOUX Ul SINS (8700 = d) Snisoonwi [e1o
210A9s doudLadxe 0) duoid 19sS9 sown 760
Pakedsip [yD WI SuBLIBA SNOSAZOIRH
(€10°0 = d) (¢< opeis) syisoonu swstyd (AD 99 = uerpou) 20 erpuy
210A9s do[oAap 03 seoueyd JOYSIY SAWN 7/ 'f -TowAjod AD 0L—09 = 23uer 08—97 = a3uey -SNH ‘el TRIR
PeY NEN JO 9[9[[B 9AISSa0aI B [iIM sjuaned  10Y0D ddd  dSAd VNd dnauehH 9SOp [BIOL  pL'pS = UBSIN e 33 ST UaA
(1000 = 9
San1o1X0) 2)noe do[oAp 0} 2JUERYD
1oy3IY € 0ABY J<DGTYE-D 1§ AV 10
D<VI6110 [DIUX Ul SANS 941 yioq {pim
10 NS T Isea] & [m sjuaned (11070 = ) swstyd 20
SHISOONUW JO YSH JYSIY B [PIM PIIRIIOSSE -TowAjod (AD L€ 23uer) -SNH A ‘(9]
Apueoyrusis seam o[o[[e U[DEEE-TDIYX  HOYOD VINIH  dSd VNd oneusD  ADy 79 = 9s0p [e10) ULI aN v Sy le 19 Isareld
(€0 =a)
8 01 (2000" = @) 9 SX{eoMm 18 pajeAd]d
Apueoy1ugIs a1om S[OAS] JYD SeSuryd payIpowr YSH
Tesoonuy/swoydwAs [earur]d jo Suruurdaq oy o)) epeue)
M SUIPIOUIOd JUAWEAL) JO M PIIY) AU} £D 0L—0S = 93uex -SNH ‘[ss] e 30
18 90UBOIIUSIS [BON)SIIRIS PAYOLAI SLI YSH YL HoYyoD ASH pue 38D asop [ejo], aN . GZ  POWWEYOIA
Apmys syuaned Anunod
Jo ONH  ‘[eouarsyar]
(anfea d) uoisnpouoo urely  ddAL, sIoMIRWOlg osop Snug  (seek ur) a8y sjonuo)  JoO "ON Joyiny  JudUNeI],

(ponumuoo) 1 J[qeL,

pringer

Qs



2978

Support Care Cancer (2017) 25:2969-2988

GSTP]I glutathione S-transferase pi 1, I[CAM-1 soluble intercellular adhesion molecule 1, /GF-1 insulin growth factor 1, /GFBP-1 insulin-like growth factor-binding protein 1, /L interleukin, LIG4 ligase IV,
LFA-1 lymphocyte function-associated antigen 1, Mac-1 macrophage 1, MCI-/ myeloid cell leukemia 1, MCP-1 monocyte chemoattractant protein 1, MMP matrix metalloproteinase, NBN nibrin, OGG18-

oxoguanine DNA glycosylase gene, SOD2 superoxide dismutase 2, TNF-a tumor necrosis factor alpha, 7GF-/31 transforming growth factor beta 1, 7P total protein, VCAM vascular cell adhesion molecule,

family A, CAT catalase, CRP C-reactive protein, DNA DSB DNA double-strand break, EGF epidermal growth factor, ESR erythrocyte sedimentation rate, GSH glutathione, GST glutathione S-transferase,
VEGF vascular endothelial growth factor, VLA-4 very late antigen 4, WBC white blood cells, XRCC x-ray repair cross-complementing protein

@ Springer

# Control subjects are the same as case patients

Six studies had enough data to be included in the quantita-
tive synthesis, i.e., the number of patients who developed OM
and expressed the biomarker was provided, and were suitable
for grouping for meta-analysis. The high heterogeneity be-
tween the studies was found in all meta-analyses. For poly-
morphisms in XRCC1 (rs25487), an inconsistency () of
90.93% [confidence interval (CI) 83.02-95.16) was found;
for the polymorphisms in XRCC3 (rs861539), I* was
96.72% (CI 94.78-97.93); for the polymorphisms in RADS51
(rs1801321), P was 95.22% (CI 93.07-96.70); and for the
expression of protein biomarkers, an inconsistency (/) of
53.19% (C1 4.21-77.12) was found. Accordingly, the random
model was chosen. Results from the meta-analysis showed a
frequency (prevalence) from the overall expression of XRCC1
polymorphism of 32.66% (CI 21.52-44.90, p < 0.0001,
n = 663), from the expression of XRCC3 polymorphism of
31.00% (CI 13.84-51.44, p < 0.0001, n = 663), from the
expression of RADS51 polymorphism of 39.16% (CI 26.66—
52.44,p < 0.0001, n = 1116), and from the overall expression
of protein biomarkers 0 39.57% (CI 28.03-51.73, p = 0.0233,
n = 146) (Fig. 4a—d). Supplementary data from all meta-
analyses can be found in Online Resource 5.

Risk of bias across studies

The included studies used similar methodology, which re-
duced the possibility of misinterpretation. All studies selected
were considered to be relatively homogeneous, since all of
them were observational studies. Besides this particular issue,
in the meta-analysis, high heterogeneity was found in the se-
lected studies possible due to the sample size that varied wide-
ly among the studies.

Quality of evidence

Overall, the quality of the evidence from the outcomes evalu-
ated by the GRADE system was assessed as moderate, suggest-
ing a moderate confidence in the estimated effect, but there is a
possibility that it is substantially different (Online Resource 6).

Discussion
Summary of evidence

The possibility of measuring the risk of developing OM in
HNC patients that underwent RT may improve the manage-
ment of such condition and may allow patients’ customized
treatment strategies that prevent severe toxicities [42, 52]. The
biomarkers can be considered promising tools for this pur-
pose. This is the first systematic review and meta-analysis that
investigated in the available literature whether biomarkers can
predict the risk of developing OM in patients with HNC
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_ B % - g undergoing RT or CRT. Eight groups of biomarkers were an-
5 § g8 g g _5 alyzed: growth factors, cytokines, acute-phase inflammatory
2 é %‘ § § s £ markers, genetic factors, general proteins, plasma antioxi-
s g 35 % gg § ‘-g 2 dants, apoptotic proteins, and cells.
S Eow g 2 < g‘g 'z Growth factors are proteins released by individual cells to
é 'E % ;g %" B £ % -é :g transmit messages to other cells and to stimulate cellular
= g E”:E 2 .§ £ %o S growth, proliferation, and differentiation [63]. Regarding the
§ ‘;E g Eﬂf é =z QE: E EGF, three studies [43, 45, 46] observed a decrease in EGF
g g 8¢ % §585% levels during RT and a trend to reduced EGF in patients with
= < more severe OM. These findings suggest that patients with
2 B § lower levels of EGF prior to therapy may be at increased risk
£% & o} of mucosal damage during RT. Thus, analyzing EGF levels
before starting the RT could be an efficient method to identify
g T?'D; patients with a higher risk of developing oral mucositis.
" 8 § Another important growth factor analyzed was the TGF-f3,
§ 5 § =) which controls cellular homeostasis and proliferation, wound
g E == healing, immunosuppression, and angiogenesis [53]. It was
2 observed that a TGF-f31 level was significantly higher in pa-
2 g tients experiencing severe radiation toxicity, confirming that
O £ damaged tissues contribute to higher plasma TGF-f31 level
& o [39, 40]. Furthermore, the production of TGF-31 is genetical-
§ a g % 1}./ regulated apd patients Wh.() have the yariant allele at the
é’ % single nucleotide polymorphism (SNP) in the TGFBI gene
tend to have a higher concentration of serum TGF-31 [53].
However, Lundberg et al. [53] could not find a significant
& correlation between the severity of mucositis and the
$ TGF-(1 variant genotype. Given the results, the TGF-{31
g could not be considered an efficient prediction biomarker,
2 2. but it may be useful as a biomarker for treatment follow-up.
:;o % %D Cytokines are also involved in RT-induced mucositis be-
a = cause they are released by disintegrating cells or by an im-
_ o mune reaction, resulting in the recruitment of inflammatory
% -« a‘ cells and in the development of toxicity [42, 62]. Several re-
z o searchers have investigated the variation in cytokine concen-
?D g g" tration, such as IL and TNF, in HNC patients undergoing CRT
< = [42, 54, 57, 61]. It was observed that while radiation dose
“ increased, the levels of IL-6 and IL-8 simultaneously in-
§ creased, but only IL-6 seemed to be related to severe mucositis
S o [42, 54]. Citrin et al. [42] found high levels of IL-10 in the
saliva of patients with high-grade mucositis compared to those
@) ) 2 with low-grade mucositis. In contrast, Meirovitz et al. [54] did
E @ 2 = not find any significant changes in IL-10 levels. There were no
2 E E ; significant changes in IL-1 levels [54, 57], but there was an
z & & 8 increase in the expression of IL-1[3, which is a member of the
- . f interleukin-1 superfamily, and this increase was related to the
g 3 = radiation-induced OM [61].
‘% § - 2 The levels of TNF-x were also analyzed, and the results
=) = o E g g were again somewhat controversial. Two studies [42, 61]
é S; = "§ 8 ?3 found increased levels of this cytokine during RT, while two
§ <3 > z other studies [54, 57] showed decreased levels, and only
: £ % Xanthinaki et al. [61] could find an association between
= % E TNF-oc and OM. The results found that the cytokine levels
gl & ¢ were quite heterogeneous, probably because the cytokines

@ Springer



Support Care Cancer (2017) 25:2969-2988

2982

syuoned ased se dures Y a1k $199[qns [onuo))

SISOONW [BI0 PAONPUI-UOIIRIPEI 1) 0} PAJR[AI

pue paIdIsI3al a1am [-[DIN pue z-1Dg surerord J1-11
onoydode-nue jo uorssadxa oy ur 9sLAIOIP pue ‘IN.L 900210)
e pue ¢gd ureyord onojdode-o1d jo uorssardxo ‘T-IDIN (D 71T ‘191
oU) Ul se [[om se ‘¢ ][ pue JN.I SOurjoiko Surureys ‘109 d3uer) Ap g9 = 3sop 98— = 3uey T®R
Aojewrturejur-o1d Jo uorssardxo oy ur 9SBAIOUI Uy J0Y0))  [BIIUAYI0IAO0UNTUII] sujord  ‘urjoad ggd [e10) UBS]A  9°9G = UBIA] o [Z Deunpuey
punoy
sem (G0'0 > d) Supeid spisoonwt pue /€N
U99M}9q UOIB[ILIOD JUBOYIUSIS B ‘IOAIMOH 9100S
SHISOONW PUL ‘6 ST ‘0THLT UMD UOHR[ILI0D 1/€ENd
ou sem 1Y, ‘S[[99 9AnIsod-61G7 pue O194LT pue ‘645¢ Aueuron
Jo sadejuadrad oy ur saueyd JULOTUSIS OU 2IoM suon ‘OT1dLT ‘los]
a1y 9IyM ‘(1070 > d) ApuedyIusis pasealoul -endodqns sarpoqnue TR
s[190 2an1sod- /€AY Jo @8ejudorad oy ‘I Suung 1oyo) Ansrwoyoojsijounwy]  soSeydoroe]y]  [EUO[OOUOIA KD (09 = 9sop [e10], [.—Gt = oSuey N €1 [eyospuey
spisoonui padnpur-uonerper judsaid oy uondo
MU B 9q Aew UOROUNY [-AVI] 10 UnBodas-g
ul 9duRIdJIUI onnddeIdy ], ‘suoneId[e sy V1A
Aq pojorrered sem spIsoonu [eI0 JO 9139p o[ pue ‘1-0e]N
"S[OAQ] MO] AIOA J& PIUIRWIAI UOISSAIAXD -V TA ‘I-VA1 Aueuron
PUe [-]NVIA 2[IYM ‘punoj sem (10°0 > d) ‘unoofes-g ‘[ov]
[-0BIN PUe “(10°0 > @) [-VAT (50°0 > @) Sa[noafow T-INVOA e
unod[as-g (10°0 > d) [-AVII JO dSeaIout uy 1oyo) Ansiueyoosrjountuuy uorsaypy ‘T-INVIIL AD) (09 = os0p [e10], [L—St = oFuey e €1 [dysspuey AR
SISOONUW [BI0 PIONPUI-UONBIPEI O} 0} PAje[l
pue pa1dsidar a1om [-[DIA pue z-1Dg surejoxd J1-11 [1oeINOION[J-§
onoydode-njue jo uorssordxo ayy ur 9sLAIOIP pue ‘NI  pue wnunedso + (K 909010)
e pue ¢cd uroroxd onojdode-oxd Jo uorssardxo T-IDIN -0 LT = 3uer) ‘[19]
oy UI Se [[om Se ‘g T-T[ pue JN.I SOUI0IAD Surure)s ‘109 KD 79 = 9sop  98—¢] = a3uey TR
Aroyewwuejur-oxd Jo uorssaxdxo oy ur asedrour Uy HOYo)  [BIIWAYO0ILo0uNUILI] surojord  ‘urdjord ggd [e10) UBSIN  9°9G = UBON| N y1  Deunpueyx Anife)
syuoned Anunoo
DONH ‘[oouarsyor]
(anfea d) uorsnjouod urej SPOYIRIN sse[D SsIoMIRWONg osop 3nig  (s1eak ur) a3y s[onuo) Jo "ON Joyiny JUSUNBI],

(€ = u) SIONIBWOIQ dNSST) PAZATRUE JBy) SAIPMYS JO SANSLIvORIRYD dANALIOSIp Jo Arewruung

€ 9lqeL

pringer

Qs



Support Care Cancer (2017) 25:2969-2988

2983

Table 4 Summary of

the risk of bias Author Risk of bias®
assessment
Bhattathiri et al. [38] Moderate
Chen et al. [39] Low
Chen et al. [40] Low
Chethana et al. [41] Moderate
Citrin et al. [42] Low
Dumbrigue et al. [43] Low
Ehrsson et al. [44] Low
Epstein et al. [45] Low
Epstein et al. [46] Low
Fleckenstein et al. [47] Low
Gonzalez et al. [48] Low
Handschel et al. [49] Low
Handschel et al. [50] Low
Jehmlich et al. [11] Moderate
Kietal. [51] Low
Lietal. [52] Moderate
Lundberg et al. [53] Low
Meirovitz et al. [54] Low
Mohammed et al. [55] Low
Pratesi et al. [56] Moderate

Seyyednejad et al. [57] Low

Venkatesh et al. [3] Low
Vuotila et al. [58] Low
Wardman et al. [59] Low
Werbrouck et al. [60] Moderate
Xanthinaki et al. [61] Moderate

* Assessed by the Meta-Analysis of
Statistics Assessment and Review
Instrument (MAStARI) [17] critical ap-
praisal tools. Risk of bias was categorized
as high when the study reached up to 49%
score “yes,” moderate when the study
reached 50 to 69% score “yes,” and low
when the study reached more than 70%
score “yes”

were analyzed in different fluids and the concentration may
vary from saliva to serum. In this way, future studies with
larger sample size could provide a definitive answer if cyto-
kines can be effective in predicting an adverse response to RT
[54].

Besides the predictor effect of growth factors and cyto-
kines, there are evidences that these substances may be useful
in preventing and treating OM. Palifermin, a keratinocyte
growth factor (KGF), is already recommended to prevent oral
mucositis in patients with hematological malignancies receiv-
ing high-dose CT and total body irradiation (TBI) [62]. A
systematic review by Raber-Durlacher et al. [63] aimed to
define evidence-based clinical practice guidelines for the use
of cytokine and growth factor agents to prevent and treat mu-
cositis. Sixty-seven studies were included in the review,

assessing KGF, EGF, TGF-f3, IL-11, granulocyte—macro-
phage colony-stimulating factor (GM-CSF), and granulocyte
colony-stimulating factor (G-CSF). Due to insufficient and
conflicting evidence, they could not provide a guideline for
the use of none of these growth factors and cytokines for the
prevention or treatment of OM in HNC patients.

Acute-phase inflammatory markers are also used as bio-
markers to predict the risk for patients developing OM as a
consequence of cancer treatment. CRP is one of these
markers, and it contributes to body defense by neutralizing
inflammatory agents and it can be easily measured as a quan-
titative marker of inflammatory activity [41]. CRP was report-
ed to increase towards the end of RT [41, 44, 51, 55], and
while Ki et al. [51] demonstrated a correlation between this
increase and the progression of mucositis, Chethana et al. [41]
could only observe this correlation during the initial weeks of
treatment.

ESR is another important marker of the acute-phase inflam-
matory response, used to evaluate benign inflammatory con-
ditions and neoplastic diseases [41, 51, 55]. An increase in
ESR levels during cancer treatment was observed, followed
by a decrease in concentration of this biomarker. This varia-
tion was related to the grading of mucositis, which also ini-
tially increased in severity and then decreased towards the end
oftreatment [41, 55]. Differently, Ki et al. [51] did not find any
statistically significant relationship between ESR and mucosi-
tis grade. These data support that acute-phase inflammatory
proteins may have the potential to act as objective mucositis
markers, although their values vary significantly between pa-
tients [55].

General proteins, plasma antioxidants, apoptotic proteins,
adhesion molecules, and cells were also used as biomarkers in
the included studies. Although the number of studies was not
so significant, the results were quite relevant. It was demon-
strated that there was a correlation between OM grading and
increasing levels of the proteins BPIFA-1 [48], ICAM-1, E-
selectin, LFA-1, and Mac-1 [49], as well as the pro-apoptotic
protein p53 [61] and RM3/1-positive cells [50]. Decreased
expression of anti-apoptotic proteins BCI-2 and MCI-1 were
also associated to radiation-induced OM [61]. The plasma
antioxidant GSH was reported to be associated with OM and
to have a radioprotective role [38], while Wardman et al. [59]
could not find a correlation between mucositis severity and
plasma antioxidants, including GSH. The meta-analysis
showed an expression of 39.57% of the proteins BPIFA-1,
BPIFA-2, LFA-1, Mac-1, VLA-4, p53, BCI-2, MCI-1, TNF,
and IL-13 in the combined samples from the studies of
Gonzalez-Arriagada et al. [48], Handschel et al. [49], and
Xanthinaki et al. [61]. The evidence was not strong, and this
may be explained by the results that were not homogenous
enough. Thus, further studies are still needed to confirm the
efficacy of the use of inflammatory and non-inflammatory
proteins as biomarkers of OM.
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Fig. 2 Frequency of biomarkers
in the included studies.
Biomarkers: BCI-2 B cell
lymphoma 2, BPIFA bactericidal
or permeability-increasing protein
family A, CRP C-reactive protein,
EGF epidermal growth factor,
ESR erythrocyte sedimentation
rate, GSH glutathione, /GF-1
insulin growth factor 1, /GFBP-1
insulin-like growth factor-binding
protein 1, /L interleukin, MCI-1
myeloid cell leukemia 1, MCP-1
monocyte chemoattractant
protein 1, MMP matrix
metalloproteinase, 7NF-« tumor
necrosis factor alpha, 7GF-31
transforming growth factor beta 1,
TP total protein, VEGF vascular
endothelial growth factor

The extension of radiation-induced DNA damage and its
repair are considered very relevant indicators of irradiation
toxicity. The histone protein y-H2AX, an essential factor in

Fig. 3 Frequency of grouped
biomarkers in the included studies
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Fig. 4 Frequency of genetic polymorphisms and protein expression
associated to OM risk. Results from two types of meta-analysis: fixed
and random effects. a Forest plot for polymorphism in XRCC1 (rs25487)

to damage and repair DNA after irradiation [52]. A study by
Lietal. [52] observed higher y-H2AX levels by the end of RT,
but the increase in y-H2AX expression was not statistically
different between patients with mild OM and severe OM,
although the patients with severe OM had a reduced capacity
for DNA repair. In order to estimate sensitivity and specificity
of the relative fluorescence of y-H2AX to predict the risk of
OM during RT, they performed a receiver operating charac-
teristic (ROC) analysis that indicated sensitivity and specific-
ity of 100 and 53.3%, respectively [51]. Another study also
indicated that patients who developed mild mucositis had a
total amount of DSB repair similar to patients who developed
severe OM [47]. It was proven that the detection of y-H2AX
induced by irradiation could be used to predict the incidence
and severity of toxicities like OM, since it allows assessment
of individual DSB repair after RT [47, 52].

(sample = 663). b Forest plot for polymorphism in XRCC3 (1s861539)
(sample = 663). ¢ Forest plot for polymorphism in RAD51 (rs1801321)
(sample = 1116). d Forest plot for protein expression (sample = 146)

SNPs in DNA repair genes can modify their function and
consequently interfere in the individual’s capacity to repair
damaged DNA; thus, variations in specific genes could be
associated to the susceptibility of development of radiation
toxicities [56]. It was demonstrated that polymorphisms in
XRCC1, XRCC3, and RADS51 genes were associated to an
increased risk of developing toxicities related to RT, including
severe OM [3, 56, 60]. Pratesi et al. [5S6] and Werbrouck et al.
[60] tested the relationship between dose parameter and ad-
verse radiation effects with the Mann-Whitney test. The fol-
lowing expression levels in the meta-analysis of polymor-
phisms: 32.66% (XRCC1), 31.00% (XRCC3), and 39.16%
(RAD1) were found in the combined samples from the studies
of Pratesi et al. [56], Venkatesh et al. [3], and Werbrouck et al.
[60]. The evidence was not strong, and this may be explained
by the results that were not homogenous enough. Despite the
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increasing number of studies regarding SNPs, the evidence is
still not strong enough to suggest the use of these polymor-
phisms as biomarkers to predict tissue toxicity.

Limitations

Some methodological limitations of this review should be
considered. First is the small number of patients included in
the studies; however, it is important to notice that head and
neck cancer is an uncommon cancer and a sample of approx-
imately 20 patients in each study should be considered as
representative. Second, many studies did not include in the
analysis the outcomes of people who withdrew nor identified
confounding factors, what increased the risk of bias of these
studies. Lastly, the heterogeneity of biomarkers made it diffi-
cult to compare a significant amount of studies about the same
marker.

Conclusion

This systematic review and meta-analysis demonstrates that
biomarkers emerge as potential predictors for OM in HNC
patients. Thus, dosing biomarkers related to mucositis before
starting RT can identify radiosensitive individuals and allow
these patients to have a customized treatment plan which
might have less chances of interruption. Additionally, the bio-
markers that have been proven to be more effective in
predicting the risk of mucositis were CRP, ESR, and EGF.
Although there is currently limited evidence to confirm the
putative implementation of serum and salivary biomarkers to
assess the correlation between them and the severity of muco-
sitis, this current review provides new research directions. It is
recommended that this new research be in the format of well-
designed experimental studies, following closely to research
guidelines, and sensible to the most used and relevant
biomarkers.
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