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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-α), and erythrocyte sedimentation rate
(ESR). The meta-analysis showed an expression of

polymorphisms in XRCC1 (32.66%), XRCC3 (31.00%),
and RAD51 (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
developingmucositis 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 .
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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-α), 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].

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 RTor 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 Byes,^ moderate when the study reached 50
to 69% score Byes,^ and low when the study reached more
than 70% score Byes.^ AGCN and CLR scored each item as
Byes,^ Bno,^ Bunclear,^ or Bnot 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-
comewas 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 (I2), 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
ar t ic les were removed, 893 ci ta t ions 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 searchwith 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 [51], Sweden [44], Taiwan
[39, 40], UK [59], and USA [42, 43, 45]. All 26 studies were
published between 1994 and 2015, three of themwere 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 themwere
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 Byes^ 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.

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, 38–42, 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-β1) 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-β1 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-β1 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 XRCC1 (p = 0.011), XRCC3
(p = 0.178), and RAD51 (p = 0.728) genes.
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The cytokines evaluated in the included studies were
IL-1, IL-1β, IL-4, IL-6, IL-8, IL-10, and TNF-α. The
levels of IL-6, IL-8, IL-10, and IL-1β increased according
to radiation dose, and only IL-8 did not seem to be related

to severe OM [42, 54, 57, 61]. TNF-α levels seemed to be
increased in some studies [42, 61] but decreased in two
other studies [54, 57], indicating a contradiction in the
results.
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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 (I2) of
90.93% [confidence interval (CI) 83.02–95.16) was found;
for the polymorphisms in XRCC3 (rs861539), I2 was
96.72% (CI 94.78–97.93); for the polymorphisms in RAD51
(rs1801321), I2 was 95.22% (CI 93.07–96.70); and for the
expression of protein biomarkers, an inconsistency (I2) of
53.19% (CI 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 RAD51 polymorphism of 39.16% (CI 26.66–
52.44, p < 0.0001, n = 1116), and from the overall expression
of protein biomarkers of 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 systemwas 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 HNCfa
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undergoing RT or CRT. Eight groups of biomarkers were an-
alyzed: growth factors, cytokines, acute-phase inflammatory
markers, genetic factors, general proteins, plasma antioxi-
dants, apoptotic proteins, and cells.

Growth factors are proteins released by individual cells to
transmit messages to other cells and to stimulate cellular
growth, proliferation, and differentiation [63]. Regarding the
EGF, three studies [43, 45, 46] observed a decrease in EGF
levels during RT and a trend to reduced EGF in patients with
more severe OM. These findings suggest that patients with
lower levels of EGF prior to therapy may be at increased risk
of mucosal damage during RT. Thus, analyzing EGF levels
before starting the RT could be an efficient method to identify
patients with a higher risk of developing oral mucositis.

Another important growth factor analyzed was the TGF-β,
which controls cellular homeostasis and proliferation, wound
healing, immunosuppression, and angiogenesis [53]. It was
observed that a TGF-β1 level was significantly higher in pa-
tients experiencing severe radiation toxicity, confirming that
damaged tissues contribute to higher plasma TGF-β1 level
[39, 40]. Furthermore, the production of TGF-β1 is genetical-
ly regulated and patients who have the variant allele at the
single nucleotide polymorphism (SNP) in the TGFB1 gene
tend to have a higher concentration of serum TGF-β1 [53].
However, Lundberg et al. [53] could not find a significant
correlation between the severity of mucositis and the
TGF-β1 variant genotype. Given the results, the TGF-β1
could not be considered an efficient prediction biomarker,
but it may be useful as a biomarker for treatment follow-up.

Cytokines are also involved in RT-induced mucositis be-
cause they are released by disintegrating cells or by an im-
mune reaction, resulting in the recruitment of inflammatory
cells and in the development of toxicity [42, 62]. Several re-
searchers have investigated the variation in cytokine concen-
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 severemucositis
[42, 54]. Citrin et al. [42] found high levels of IL-10 in the
saliva of patients with high-grademucositis compared to those
with low-grade mucositis. In contrast, Meirovitz et al. [54] did
not find any significant changes in IL-10 levels. There were no
significant changes in IL-1 levels [54, 57], but there was an
increase in the expression of IL-1β, which is a member of the
interleukin-1 superfamily, and this increase was related to the
radiation-induced OM [61].

The levels of TNF-α were also analyzed, and the results
were again somewhat controversial. Two studies [42, 61]
found increased levels of this cytokine during RT, while two
other studies [54, 57] showed decreased levels, and only
Xanthinaki et al. [61] could find an association between
TNF-α and OM. The results found that the cytokine levels
were quite heterogeneous, probably because the cytokinesT
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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-β, 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
of treatment [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 BCl-2 and MCl-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, BCl-2, MCl-1, TNF,
and IL-1β in the combined samples from the studies of
González-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.

Table 4 Summary of
the risk of bias
assessment

Author Risk of biasa

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

Ki et al. [51] Low

Li et al. [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

a 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 Byes,^ moderate when the study
reached 50 to 69% score Byes,^ and low
when the study reached more than 70%
score Byes^
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The extension of radiation-induced DNA damage and its
repair are considered very relevant indicators of irradiation
toxicity. The histone protein γ-H2AX, an essential factor in

the repair process of damaged DNA, is immediately phos-
phorylated at sites of DNA double-strand breaks (DSBs),
and its levels have been used to quantify the ability of cells
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to damage and repair DNA after irradiation [52]. A study by
Li et al. [52] observed higherγ-H2AX levels by the end of RT,
but the increase in γ-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 γ-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 γ-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].

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 RAD51 genes were associated to an
increased risk of developing toxicities related to RT, including
severe OM [3, 56, 60]. Pratesi et al. [56] 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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(sample = 663). c Forest plot for polymorphism in RAD51 (rs1801321)
(sample = 1116). d Forest plot for protein expression (sample = 146)
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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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