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ABSTRACT

Background: Saliva represents a promising non-invasive source of novel biomarkers for diagno-
sis and prognosis cancer. This meta-analysis evaluates the diagnostic value of salivary bio-
markers for detection of malignant non-oral tumours to better define the value of saliva as an
alternative liquid biopsy.

Materials and methods: We performed a systematic review and meta-analysis. PubMed,
Embase, LILACS and the Cochrane Library were searched to identify articles that examined the
potential of salivary biomarkers for the diagnosis of malignant non-oral tumours. To assess the
overall accuracy, we calculated the diagnostic odds ratio (DOR), area under hierarchical summary
receiver operating characteristic (AUC) curve, sensitivity, specificity, positive likelihood ratio (PLR)
and negative likelihood ratio (NLR) using a random- or fixed-effects model. Heterogeneity and
publication bias were assessed. Statistical tests were two-sided.

Results: One hundred fifty-five study units from 29 articles with 11,153 subjects were included.
The pooled sensitivity, specificity, PLR, NLR, DOR and AUC were 0.76 (95% confidence intervals
(Cl), 0.74-0.77), 0.76 (95% Cl, 0.75-0.77), 3.22 (95% Cl, 2.92-3.55), 0.31 (95% Cl, 0.28-0.34), 13.42
(95% Cl, 12.28-15.96) and 0.85 (95% Cl, 0.84-0.87), respectively.

Conclusion: Salivary biomarkers may be potentially used for non-invasive diagnosis of malig-
nant non-oral tumours.
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KEY MESSAGES

e This meta-analysis evaluates the diagnostic value of salivary biomarkers for detection of
malignant non-oral tumours to better define the role of saliva as an alternative liquid biopsy.

e Salivary biomarkers showed 85% accuracy for cancer distant to the oral cavity.

e Saliva represents a promising non-invasive source of novel biomarkers in cancer.

1. Introduction increasing the opportunity of an efficient treatment

Nowadays cancer represents one of the leading causes
of morbidity and mortality worldwide, being the
second leading cause of death globally. In 2015, can-
cer was responsible for 8.8 million of deaths and in
the next two decades the number of new cases is
expected to rise by about 70%. It is widely known
that early detection of cancer benefits the patient,

[1], therefore it is critical to promote non-invasive
strategies which allow an early cancer diagnosis [2].
During the last years, liquid biopsy approaches
have aroused great interest for early cancer detection,
prediction of recurrent disease and assessment of
therapeutic resistance mechanisms [3]. Liquid biopsy
represents an attractive, novel and minimally invasive
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source of tumour derived biomarkers (cells, proteins,
vesicles and nucleic acids) shed into the bloodstream
and other body fluids, such as saliva or urine [4]. The
clinical application of liquid biopsy holds a promising
approach to develop personalized medicine strategies
the opportunity to determine the molecular landscape
of the primary malignancy and metastases to perform
real-time cancer management [5]. Importantly, the
implementation of liquid biopsy routinely in the clin-
ical practice will help to have a better picture of the
tumoral heterogeneity, at the moment of diagnosis
and during the evolutive course of tumour.
Furthermore, circulating biomarkers will be crucial to
diagnostic cancer before any clinical symptoms or/and
radiological findings and to detect and track minimal
residual disease [6].

Recently, accumulating evidence has demonstrated
the diagnostic and prognostic value of saliva as prom-
ising novel and revolutionary liquid biopsy [7]. Saliva
is a complex body fluid that contains a wide collection
of proteins as well as DNA, mRNA, microRNAs (miRNA/
miR), metabolites and microbiota [8]. As diagnostic
approach, saliva offers many biochemical advantages
over blood and tissue as non-invasive, easy storage,
cost-effectiveness collection and, besides, dynamic
availability for monitoring with less discomfort to the
patient [9]. Saliva-based molecular diagnostics reflects
the physiological conditions of the body, and there-
fore, offers the opportunity to monitor oral and sys-
temic health and disease [10]. Ongoing advances in
saliva research have allowed to the scientific commu-
nity coined the term “salivaomics” [11]. Salivary based
approaches have been developed for the discovery of
potential biomarkers into the six salivaomics which
englobe the genome, the microbiome, the epigenome,
the transcriptome, the proteome and the metabolome
[12]. Alterations in salivary concentrations of these
molecules can be applied for the diagnosis, individual
risk assessment, prognosis and monitoring of disease.
To this regard a large number of studies provided dif-
ferent salivary biomarkers in head and neck cancers
[13] and also in cancers distant to the oral cav-
ity [12,14].

In spite of, the great interest of saliva, to the best
of our knowledge, this is the first meta-analysis that
evaluates the diagnostic value of salivary biomarkers
for malignant non-oral tumours detection. We sum-
marized the scientific evidence and carried out a sys-
tematic review and meta-analysis evaluating the
impact of salivary biomarkers for the diagnostic of
malignant non-oral tumours.

2. Materials and methods
2.1. Search strategy

A comprehensive literature search was carried out up
through March 2018, including PubMed, EMBASE,
LILACS and the Cochrane Library databases, without
language restrictions. The keywords used for searching
retrieval were free-style words and Medical Subjects
Headings (MeSH): (saliva OR salivary) AND (cancer OR
carcinoma OR tumour) AND (marker OR biomarker)
AND (diagnosis OR diagnostic) AND (sensitivity OR
specificity OR ROC curve). Free-text search was add-
itionally performed. The references cited in eligible
articles were also hand-checked to identify additional
studies that could be inadvertently omitted during the
electronic database search.

2.2. Study selection

Two authors (ORG and MMSQ) independently assessed
the literature extracted by the search strategy. These
authors selected articles that appeared to meet the
inclusion criteria based on their titles and abstracts.
The eligibility criteria for inclusion were as follows: (1)
diagnostic studies using salivary biomarkers for malig-
nant non-oral tumours; (2) subjects included cancer
patients and non-cancer controls and (3) enough data
available for generating in each study unit a two-by-
two (2 x2) table which contains true positive (TP),
false positive (FP), true negative (TN) and false nega-
tive (FN) values. The exclusion criteria were the follow-
ing: (1) reviews, letters, personal opinions, book
chapters, case reports, conference abstracts and meet-
ings; (2) duplicate publications; and (3) those experi-
mental in vitro and in vivo studies that reported
associations between saliva and cancer. Then, full
articles in which salivary biomarkers were used as
potential diagnostic markers for malignant non-oral
tumours were independently evaluated. Disagreements
between the two authors were discussed until a con-
sensus was reached.

We defined a “study unit” (or dataset) as the ana-
lysis of the relation between salivary biomarkers and
each anatomic tumour location. As different salivary
biomarkers may be reported in the same manuscript,
a single publication could then report more than one
study unit.

2.3. Data extraction and quality assessment

Data extraction was performed by two researchers
(ORG and MMSQ); who independently screened and



retrieved data from each eligible study. The following
data were collected for each study: name of first
author, year of publication, anatomic tumour location,
country, ethnicity, study design, number of cases and
controls, type of biomarkers (proteomic, metabolomic,
epigenomic, microbiomic, transcriptomic and gen-
omic), fraction of saliva (whole, supernatant and
pellet), type of salivary sample (stimulated or unstimu-
lated) and candidate biomarkers selected for the ana-
lysis. If the required data were incomplete, attempts
were made to contact the authors to get the missing
information.

The quality assessment of the selected studies was
separately conducted by three independent investiga-
tors (LMR, ORG and MMSQ) using the Quality
Assessment of Diagnostic Accuracy Studies 2 checklist
(QUADAS-2) [15] as recommended by the Healthcare
Research and Quality Agency. When discrepancies
existed among investigators, an agreement was
reached after discussion. The QUADAS-2 is a revised
tool developed to assess the quality of studies of diag-
nostic tests which analyses four key domains: (1)
patient selection, (2) index test, (3) reference test and
(4) flow and times. Each domain was evaluated in
terms of its risk of bias and besides, the first three
domains were also evaluated in terms of applicability
concerns. Risk of bias and concern of applicability for
each domain were considered as “low”, “high” or
“unclear” [15]. If the response to the risk of bias and
applicability questions were “low” risk or “low” con-
cern, one point for each item was given. The articles
were grouped based on their score into high (6 and 7
points), moderate (4 and 5 points) and low (0-3
points) quality categories.

2.4. Data synthesis and statistical analyses

The data analysis was performed using free R software
(v.3.4.4; https://www.r-project.org), Reviewing Manager
ver. 53 (Cochrane Collaboration, Oxford, UK),
MetaDiSc software (v.1.4) [16] and STATA (v.14.0;
https://www.stata.com). Raw data were used to calcu-
late sensitivity and specificity of each study unit. To
assess the overall accuracy, we calculated diagnostic
odds ratio (DOR), area under hierarchical summary
receiver operating characteristic (AUC), sensitivity, spe-
cificity, positive likelihood ratio (PLR) and negative
likelihood ratio (NLR) using the DerSimonian-Laird’s
estimator for random-effects or Mantel-Haenszel for
fixed-effects. Interpretation of AUC values were as fol-
lows: >0.97 “excellent”, 0.93-0.96 “very good”,
0.75-0.92 “good” and 0.5-0.75 “reasonable” [17].
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According to Grimes et al. [18] PLR in the range of
2-5, 5-10 and >10 represents small, moderate and
large increases in the probability of disease when the
test is positive and NLR in the range of 0.2-0.5,
0.2-0.1 and <0.1 represents small, moderate and large
decreases in the probability of disease when the test
is negative.

To assess the impact of the heterogeneity in the
meta-analysis Higgins's I° test was used. This statistic
represents the proportion of variability that is due to
heterogeneity rather than to sampling error [19].
According to the P test statistic the heterogeneity
could be low (P<50%) or high (°>50%). If heterogen-
eity was high, the possible sources of heterogeneity
were explored using Moses-Shapiro-Littenberg regres-
sion [19] and subgroup analyses. Publication bias was
investigated using Deeks funnel plot asymmetry test
[20]. All statistical tests were two-sided. A p value less
than .05 was considered statistically significant.

3. Results

The systematic search identified a total of 751 studies
(Supplementary Figure S1). After evaluating the titles
and abstracts, a total of 38 articles were selected to a
full-text review, of which nine were excluded accord-
ing to the exclusion criteria. Finally, 29) eligible articles
were used for the meta-analysis according to the
inclusion criteria [21-48].

3.1. Study characteristics

The main characteristics of 29 articles are shown in
Table 1. In total, 155 study units were included in the
present meta-analysis. We identified eight studies with
71 study units on breast cancer, six studies with 29
study units on pancreatic cancer, four studies with 11
study units on oesophageal cancer, four studies with
five study units on gastric cancer, three studies with
27 study units on lung cancer, three studies with 11
study units on ovarian cancer and only one study on
colorectal cancer. Sample sizes ranged from 7-111
cancer patients and from 4-101 non-cancer controls.
The articles were published between 1990 and 2018
and conducted in five countries: 17 in China, eight in
USA, two in Japan, one in Russia and one in France.
Twenty-seven articles were written in English and two
articles in Chinese. All articles evaluated salivary bio-
markers in adults and some studies appraised both
saliva and blood. According to saliva-omics classifica-
tion, 11 were proteomic studies, nine epigenomic
studies, four transcriptomic studies, two metabolomic
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Table 1. Continued.

Saliva
specimen

Whole
NA

Type
of biomarker

Sample size

Cancer

Biomarkers
Lectins: model GC (VVA and SBA), VVA

PPP2CA, PTGS2, ROCK1, SKP1, SLK

IEX-1

Non-cancer

Ethnicity Cancer

Country
China

type
GC
GC

Study

Proteomic
Genomic
Genomic

54
31

23
63

NA
NA
NA
NA

Shu et al. [31]

China

Xu et al. [42]
Li et al. [27]

Supernatant
Supernatant

92

61

26
66

China

0ocC

Lectins: model BC (BS-I, NPA, PNA, PTL-Il and MAL-I)

Proteomic

BC China
OC: ovarian cancer; BC: breast cancer; GC: gastric cancer; PC: pancreatic cancer; OEC: oesophageal cancer; LC: lung cancer; CRC: colorectal cancer; SFAA: salivary free amino acids; IncRNAs: long-non-coding RNAs;

Liu et al. [28]
NA: not available.
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studies, two microbiome studies and two genomic
studies. One of the studies included two complemen-
tary approaches (both transcriptomic and proteomic
biomarkers) [46]. The saliva sample type was unstimu-
lated in 19 studies and stimulated in eight studies,
while no data regarding the saliva characteristics were
available for two studies. Finally, eight studies eval-
uated the diagnostic value of a single biomarker
whereas 21 studies analyzed several biomarkers.

3.2. Quality of included studies

There were five, 22 and two articles with good, mod-
erate and low quality, respectively. Four studies pre-
sented a low risk of bias in three of the four domains
and eight studies had a low risk in two of the four
domains. Twelve studies did not show high risk of
bias, eight studies were considered of high risk in two
of the four domains and seven studies had high risk
in one of the four domains. According to the applic-
ability component the majority of, the studies were
adequate with respect to the patient selection
(93.10%), index test (96.55%) and reference standard
(96.55%; Supplementary Figure S2). There were
20.69% (N=66/319) sub-questions with “unclear”
response. The most “unclear” responses were observed
in the patient selection domain (N=24, 36.36%) and
in the reference standard domain (N=39, 59.09%) of
the risk of bias assessment. Most authors did not
report clearly if a consecutive or a random patients’
recruitment was performed and did not report a
detailed description of the interval between index test
and reference standard, and about the application of
reference standard to the patients.

3.3. Diagnostic accuracy

The total sample size for this meta-analysis was 11,153
adult subjects (cancer patients and non-cancer con-
trols), including 155 study units. The diagnostic accur-
acy (sensitivity, specificity and 95% confidence
intervals (Cl)) of each study unit included in this meta-
analysis is shown in Figures 1-6. Biomarkers sensitivity
and specificity varied widely from 31 to 100% and 34
to 100%, respectively. The overall diagnostic accuracy
showed 0.76 (95% Cl, 0.74-0.77) of sensitivity and 0.76
(95% Cl, 0.75-0.77) of specificity. The overall DOR was
13.42 (95% Cl, 12.28-15.96) and the pooled PLR and
NLR were 3.22 (95% Cl, 2.92-3.55) and 0.31 (95% Cl,
0.28-0.34), respectively (Table 2). In addition to diag-
nostic accuracy, the summary receiver operating char-
acteristic (SROC) curve was plotted and the AUC was
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Breast Cancer

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI)  Sensitivity (95% CI) Specificity (95% Cl)
Brooks etal., 2008 (01) 36 13 13 36 0.73[0.59, 0.85] 0.73[0.59, 0.85] —— —
Brooks etal., 2008 (02) 38 16 11 33 0.78[0.63, 0.88] 0.67 [0.52, 0.80] — ——
Brooks et al., 2008 (03) 34 22 15 27 0.69 [0.55, 0.82] 0.55 [0.40, 0.69] —— ——
Brooks etal., 2008 (04) 41 13 8 36 0.84[0.70,0.93] 0.73[0.59, 0.85) — ——
Cheng etal., 2015 (01) 17 5 10 23 0.63[0.42,0.81] 0.82[0.63, 0.94] — —8—
Cheng et al., 2015 (02) 22 8 5 20 0.81[0.62, 0.94] 0.71[0.51,0.87) — —a—
Cheng etal,, 2015 {(03) 22 8 5 20 0.81[0.62, 0.94] 0.71[0.51,0.87) —& ——
Cheng etal., 2015 (04) 19 2 8 26 0.70[0.50, 0.86] 0.93[0.76, 0.99] —a— —=
Cheng et al., 2015 (05) 21 4 6 24 0.78[0.58, 0.91] 0.86 [0.67, 0.96) —— —
Cheng et al., 2015 {(06) 22 9 519 0.81[0.62, 0.94] 0.68 [0.48, 0.84) — ——
Cheng etal., 2015 (07) 21 9 6 19 0.78[0.58,0.91) 0.68[0.48, 0.84] — —a—
Cheng et al., 2015 (08) 22 10 5 18 0.81[0.62, 0.94] 0.64 [0.44,0.81] —— —a—
Cheng et al., 2015 (09) 19 8 8 20 0.70[0.50, 0.86] 0.71[0.51,0.87) —— ——
Cheng etal., 2015 (10) 14 5 13 23 0.52[0.32,0.71) 0.82[0.63,0.94] —— —
Cheng etal., 2015 (11) 16 5 11 23 0.59(0.39, 0.78] 0.82[0.63, 0.94] —a— ——
Cheng etal.,, 2015 (12) 21 7 6 21 0.78[0.58,0.91] 0.75[0.55, 0.89] — ——
Cheng etal., 2015 (13) 19 8 8 20 0.70[0.50, 0.86) 0.71[0.51,0.87) —— —a—
Cheng etal., 2015 (14) 16 3 11 25 0.59 [0.39, 0.78) 0.89[0.72,0.98] —a— —&
Cheng etal., 2015 (15) 21 11 6 17 0.78[0.58, 0.91) 0.61[0.41,0.78] — —
Cheng etal., 2015 (16) 24 4 3 24 0.89(0.71,0.98] 0.86 [0.67, 0.96) —& —
Chengetal, 2015 (17) 19 5 8 23 0.70[0.50, 0.86] 0.82 [0.63, 0.94) —a— —
Cheng etal., 2015 (18) 24 8 3 20 0.89[0.71,0.98] 0.71[0.51,0.87) — ——
Cheng etal., 2015 (19) 24 8 3 20 0.89(0.71,0.98) 0.71[0.51,0.87) —& —
Cheng et al., 2015 (20) 22 2 5 26 0.81[0.62, 0.94] 0.93[0.76, 0.99) — —=
Cheng etal., 2015 (21) 24 4 3 24 0.89[0.71,0.98) 0.86 [0.67, 0.96) — —
Cheng et al,, 2015 (22) 24 8 3 20 0.89 [0.71, 0.98] 0.71 [0.51,0.87) — —a—
Cheng etal,, 2015 (23) 22 8 5 20 0.81[0.62, 0.94] 0.71[0.51,0.87) — ——
Cheng etal., 2015 (24) 19 4 8 24 0.70[0.50, 0.86] 0.86 [0.67, 0.96) —a— —
Cheng et al., 2015 (25) 24 10 3 18 0.89[0.71,0.98] 0.64 [0.44,0.81] —= —a—
Cheng et al., 2015 (26) 27 8 0 20 1.00[0.87,1.00] 0.71[0.51,0.87] —a —a—
Cheng etal., 2015 (27) 24 2 3 26 0.89(0.71, 0.98] 0.93[0.76, 0.99] — —=
Cheng et al., 2015 (28) 24 3 3 25 0.89(0.71,0.98] 0.89[0.72,0.98] — —
Cheng et al., 2015 (29) 22 14 5 14 0.81[0.62, 0.94] 0.50[0.31, 0.69] — —
Cheng et al., 2015 (30) 14 5 14 23 0.50[0.31, 0.69] 0.82[0.63, 0.94] —— —
Cheng etal., 2015 (31) 22 9 519 0.81[0.62, 0.94] 0.68[0.48, 0.84] == —
Liuetal, 2018 49 15 17 46 0.74[0.62, 0.84] 0.75[0.63, 0.86) —a —&
Streckfus et al., 2000 26 35 4 66 0.87 [0.69, 0.96] 0.65 [0.55, 0.75) — —a
Takayamaetal,2016(01) 83 18 28 43 0.75[0.66, 0.83] 0.70[0.57,0.81] —& —
Takayamaetal, 2016 (02) 69 11 42 50 0.62[0.52,0.71] 0.82(0.70,0.91) — —
Takayamaetal, 2016 (03) 73 14 38 47 0.66 [0.56, 0.75) 0.77 [0.65, 0.87) - —a
Takayamaetal,2016(04) 73 15 38 46 0.66 [0.56, 0.75] 0.75[0.63, 0.86) —& —a—
Takayamaetal, 2016 (05) 75 16 36 45 0.68 [0.58, 0.76] 0.74 [0.61, 0.84) — ——
Takayamaetal, 2016 (06) 82 23 29 38 0.74 [0.65, 0.82) 0.62[0.49,0.74] — ——
Takayamaetal, 2016 (07) 80 30 31 31 0.72[0.63,0.80] 0.51 [0.38, 0.64) — —a—
Takayamaetal, 2016 (08) 58 21 53 40 0.52[0.43,062) 0.66[0.52,0.77) — ——
Takayamaetal,2016(09) 75 17 36 44 0.68 [0.58, 0.76) 0.72[0.59,0.83] — ——
Takayamaetal, 2016 (10) 76 21 35 40 0.68[0.59, 0.77] 0.66 [0.52,0.77) —& ——
Takayamaetal, 2016 (11) 78 25 33 36 0.70[0.61,0.79) 0.59 [0.46, 0.71] — ——
Takayamaetal,2016(12) 57 30 54 31 0.51[0.42,0.61] 0.51[0.38, 0.64] — ——

Wood etal., 2015 (01) 12 6 4 10 0.75[0.48, 0.93] 0.63 [0.35, 0.85) — ——
Wood etal,, 2015 {(02) 15 2 1 14 0.94 [0.70,1.00] 0.88[0.62, 0.98] — —
Wood etal., 2015 (03) 14 1 215 0.88[0.62, 0.98] 0.94 [0.70,1.00] — —=
Zhang etal.,, 2010 25 2 5 61 0.83 [0.65, 0.94] 0.97 [0.89, 1.00] — -
Zhong et al,, 2016 (01) 25 2 5 23 0.83 [0.65, 0.94] 0.92[0.74,0.99) — —&
Zhong et al,, 2016 (02) 20 6 10 19 0.67[0.47,0.83] 0.76 [0.55, 0.91] —— —
Zhong et al,, 2016 (03) 24 2 6 23 0.80[0.61, 0.92) 0.92[0.74,0.99)] — —=
Zhong et al., 2016 (04) 23 0 7 25 0.77 [0.58, 0.90] 1.00[0.86, 1.00] —— —a
Zhong et al., 2016 (05) 23 2 7 23 0.77 [0.58, 0.90] 0.92[0.74,0.99)] —— —&
Zhong et al., 2016 (06) 14 1 16 24 0.47 [0.28, 0.66] 0.96 [0.80, 1.00] —l— —=
Zhong et al,, 2016 (07) 24 6 6 19 0.80[0.61, 0.92) 0.76 [0.55, 0.91] — —
Zhong et al., 2016 (08) 16 4 14 21 0.53[0.34,0.72) 0.84 [0.64, 0.95] —a— —
Zhong et al,, 2016 (09) 24 2 6 23 0.80[0.61,0.92) 0.92[0.74,0.99)] — —=
Zhong et al., 2016 (10) 28 2 2 23 0.93(0.78, 0.99] 0.92[0.74,0.99)] —= —=
Zhong et al,, 2016 (11) 28 9 2 16 0.93[0.78, 0.99] 0.64[0.43,0.82) —= —
Zhong etal.,, 2016 (12) 18 2 12 23 0.60[0.41,0.77) 0.92[0.74,0.99) — —=
Zhong et al.,, 2016 (13) 23 8 7 17 0.77 [0.58, 0.90] 0.68 [0.46, 0.85] —— .
Zhong et al., 2016 (14) 29 11 1 14 0.97 [0.83, 1.00] 0.56 [0.35, 0.76) —a —
Zhong et al.,, 2016 (15) 29 9 1 16 0.97 [0.83,1.00] 0.64 [0.43,0.82) —a ——
Zhong et al.,, 2016 (16) 28 10 2 15 0.93(0.78, 0.99] 0.60[0.39, 0.79] —= —
Zhong etal,, 2016 (17) 21 6 9 19 0.70[0.51, 0.85] 0.76 [0.55, 0.91] —— —
Zhong et al,, 2016 (18) 18 3 12 22 0.60[0.41,0.77] 0.88[0.69, 0.97) —— .

D 0Z04 0608 1 0020406081
Figure 1. Paired forest plot with the diagnostic test accuracy (sensitivity, specificity and 95% confidence interval) of each unit
study for the salivary biomarkers in the diagnosis of breast cancer.



Pancreatic Cancer

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)

Farrell etal., 2012 (01) 27 5

N

23 0.96 [0.82,1.00]

Farrell etal., 2012 (02) 24 12 4 15 0.86 [0.67, 0.96)
Farrell etal., 2012 (03) 24 26 4 29 0.86 [0.67, 0.96)
Humeau et al., 2015 (01) 5 0 2 4 0.71[0.29, 0.96)
Humeau et al., 2015 {02) 6 0 1 4 0.86[0.42,1.00]
Humeau et al., 2015 {03) 6 0 1 4 0.86[0.42,1.00]
Humeau et al., 2015 (04) 4 0 3 4 0.57[0.18,0.80]
Humeau et al., 2015 (05) 4 0 4 4 0.50([0.16, 0.84]
Machida et al., 2016 {01) 8 0 4 13 0.67 [0.35, 0.90]
Machida et al., 2016 {02) g9 3 3 10 0.75[0.43, 0.95)
Machidaetal,2016{(03) 10 1 2 12 0.83[0.52,0.98)
Xie etal., 2015 (01) 33 22 7 18 0.82[0.67,0.93)
Xie etal., 2015 (02) 3 11 4 9 0.80([0.76,0.97)
Xie etal., 2015 (03) 34 33 6 27 0.85(0.70,0.94)
Xie etal., 2015 (04) 36 24 4 18 0.80([0.76,0.97)
Xie etal., 2015 (05) 25 5 15 15 0.63([0.46,0.77)
Xie et al., 2015 (06) 36 35 4 25 0.80([0.76, 0.97)
Xie etal., 2015 (07) 29 12 11 28 0.72[0.56, 0.85)
Xie etal., 2015 (08) 25 4 15 16 0.63[0.46,0.77)
Xie etal., 2015 (09) 28 18 12 42 0.70[0.53,0.83)
Xie etal., 2016 (01) 43 8 12 47 0.78[0.65, 0.88]
Xie etal., 2016 (02) 53 20 2 35 0.96 [0.87,1.00]
Xie etal., 2016 (03) 43 5 12 50 0.78[0.65, 0.88]
Xie etal., 2016 (04) 44 2 11 18 0.80[0.67, 0.90]
Xie et al., 2016 (05) 38 1 17 19 0.69 [0.55, 0.81]
Xie et al., 2016 (06) 45 1 10 19 0.82[0.69,0.91)
Zhang etal., 2010 (01) 28 0 2 30 0.93[0.78,0.99)
Zhang et al., 2010 (02) 29 1 1 29 0.87 [0.83,1.00]
Zhang et al., 2010 (03) 27 3 3 57 0.80([0.73,0.98]
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Sensitivity (95% Cl)  Specificity (95% Cl)
0.82 [0.63, 0.94] —= —a—
0.56 [0.35, 0.75) —a— —a—
0.53 [0.39, 0.66] —a— —a—
1.00 [0.40, 1.00] —_— —
1.00 [0.40, 1.00] — —
1.00 [0.40, 1.00] —_— —
1.00 [0.40, 1.00] —_— —
1.00 [0.40, 1.00] —_— —
1.00 [0.75, 1.00] —_— —=
0.77 [0.46, 0.95) — —
0.92 [0.64, 1.00] —a —a
0.45[0.29, 0.62] —a— —a—
0.45[0.23, 0.68) —a- —a—
0.45 [0.32, 0.58) —= —a—
0.40 [0.25, 0.57) —a- —a—
0.75[0.51, 0.91] —a— —a—
0.42 [0.29, 0.55) —= —-—
0.70 [0.53, 0.83] —— —a—
0.80 [0.56, 0.94] —a— —a—
0.70 [0.57, 0.81] —a— —a—
0.85[0.73, 0.94] —a— —=
0.64 [0.50, 0.76) = —a—
0.91 [0.80, 0.97) —a— —-=
0.90 [0.68, 0.99) —= —s
0.95 [0.75, 1.00] —a— —=
0.95 [0.75, 1.00] —=- —=
1.00 [0.88, 1.00] —= —a
0.97 [0.83, 1.00] —a —a
— —=

0.95[0.86, 0.99]
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Figure 2. Paired forest plot with the diagnostic test accuracy (sensitivity, specificity and 95% confidence interval) of each unit
study for the salivary biomarkers in the diagnosis of pancreatic cancer.

0.85 (95% Cl, 0.84-0.87), indicating “good” accuracy of
the salivary biomarkers in malignant non-oral tumours
(Figure 7).

3.4. Meta-regression and subgroup analysis

The studies included in the meta-analysis showed an
overall heterogeneity (P= 61.81%). In order to assess
the sources of heterogeneity between the studies, we
used the meta-regression with the following covariates
as predictor variables: saliva fraction, type of saliva,
anatomic tumour location, sample size, type of bio-
marker and type of control. The results indicated that
anatomic tumour location was a potential source of
heterogeneity in this study (p=.002; Supplementary
Table S1). Consequently, we conducted a subgroup
analysis according to the cancer anatomic location.
The salivary biomarkers showed a high sensitivity and
specificity for detecting each anatomic tumour loca-
tion (sensitivities ranged from 0.73-0.91 and specific-
ities ranged from 0.71-0.89; Figure 8), indicating
“good” diagnostic accuracy for the detection of malig-
nant non-oral tumours. Summary data stratified into

several subgroups are shown in Table 2 and

Supplementary Figures (S3-S6).

3.5. Publication bias

The analysis of funnel plot asymmetry showed a sig-
nificant asymmetry (p <.001), evidencing the presence
of publication bias (Supplementary Figure S7).

4, Discussion

In recent years, numerous studies [50] have high-
lighted the potential of saliva as a novel liquid biopsy
in the field of personalized medicine. In this sense, sal-
iva-based diagnostics offers a unique opportunity for
precision medicine in cancer. To the best of our know-
ledge, this study is the first systematic review and
meta-analysis analyzing the potential of salivary bio-
markers for the diagnosis of malignant non-oral
tumours. A total of 155 study units from 29 eligible
articles with 5700 cancer patients and 5453 non-can-
cer controls were included in this meta-analysis.
Overall, our analysis showed that salivary biomarkers
had “good” diagnostic accuracy with an AUC of 0.85,
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LungCancer

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
Xiaoetal,2012(01) 23 2 3 24  088[0.70,098]  0.92(0.75,0.99) —a- —=
Xiaoetal,2012(02) 22 2 4 24  085[0.65096  0.92(0.75,0.99) —a— —
Xiaoetal,2012(03) 18 3 7 23  073[052,088  0.88(0.70,0.98) —a— —a-
Xiaoetal,2012(04) 17 2 9 24  065[0.44,083  0.92(0.75,0.99) —a— —=
Yan etal., 2015 (01) 12 7 1 8 092064100  053[0.27 0.79) —a —a—

Yan etal., 2015 (02) 20 3 8 12  0.71[051,087]  0.80(0.52, 0.96) —a— —
Yan etal., 2015 (03) 10 2 3 13  0.77[0.46,095  0.87 [0.60,0.98] N —
Yan et al., 2015 (04) 12 1 16 14  043[0.24,063  0.93(0.68,1.00] —a— —
Yan et al., 2015 (05) 11 2 2 13 085055098  0.87[0.60,0.95) — —_—
Yan et al., 2015 (06) 22 3 6 12  0.79[059,092)  0.80(0.52, 0.96) —a— —a—
Yan etal., 2015 (07) 16 1 12 14  057(0.37,076]  0.93(0.68,1.00] —a— —
Yan et al., 2015 (08) 4 0 915  031[0.09,061]  1.00(0.78,1.00] —a— —=
Yan et al., 2015 (09) 7 2 6 13  054[0.25,081]  0.87[0.60,0.99] —a ——
Yan etal., 2015 (10) 10 2 18 13  036[0.19,056  0.87 [0.60,0.99] —— —
Zhangetal,2012(01) 21 15 11 49  066[0.47,081]  0.77 [0.64, 0.86] —a— ——
Zhangetal,2012(02) 30 22 2 42  094[0.79,089]  0.66(0.53,0.77) —= —a—
Zhangetal,2012(03) 25 21 7 43  0.78[0.60,091]  0.67[0.54,0.78] —a— ——
Zhangetal,2012(04) 24 9 8 55  0.75[057,089)  0.86(0.75,0.93] —a— —=
Zhangetal,2012(05) 19 10 13 54  059[0.41,0.76]  0.84[0.73,0.92) —a— —=
Zhangetal,2012(0B) 27 16 5 48  0.84[067,095  0.75(0.63,0.85) —a— —-—
Zhangetal,2012(07) 22 12 10 52  069([0.50,0.84]  0.81[0.70, 0.90] —a— —=-
Zhangetal,2012(08) 30 16 2 48  094[0.79,099]  0.75(0.63, 0.85) —= —=—
Zhangetal,2012(09) 30 14 2 50  0.94[0.79,0.99]  0.78(0.66, 0.87] —= —a-
Zhangetal,2012(10) 30 15 2 49  094[0.79,089]  0.77 [0.64, 0.86] —= ——
Zhangetal,2012(11) 30 11 2 53  094[0.79,089]  0.83([0.71,0.91] —a —=-
Zhangetal,2012(12) 29 9 3 55  091[0.75,098  0.86(0.75,0.93] —a- —=
Zhangetal,2012(13) 28 9 3 55  091[0.75098  0.86(0.75,0.93] — -
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Figure 3. Paired forest plot with the diagnostic test accuracy (sensitivity, specificity and 95% confidence interval) of each unit
study for the salivary biomarkers in the diagnosis of lung cancer.

Ovarian Cancer

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl) Sensitivity (95% CI) Specificity (95% Cl)

Chenetal., 1980 13 1
Leeetal,2012{01) 11 9 1
Leeetal,h2012(02) 14 10
Leeetal,l2012{03) 21 23
Leeetal,l2012{(04) 11 7
Leeetal,h2012{05) 19 15
Leeetal,2012{06) 10 0 1
Leeetal,h2012{07) 19 13
Leeetal,l2012{(08) 18 3
Lietal, 2018 (01) 17 2
Lietal, 2018 (02) 24 15

81 0.81 [0.54, 0.96]
26 0.52[0.30,0.74]
25 0.67 [0.43, 0.85)
12 1.00[0.84,1.00]
28 0.52[0.30,0.74]
0.90[0.70, 0.99]
35 0.481[0.26, 0.70]
22 0.90[0.70, 0.99]
32 0.86 [0.64, 0.97]
35 0.65[0.44,0.83)
40 0.92[0.75, 0.99)

-t
N OWN-=MNMNOO~NO W
[

o

0.88 [0.80, 0.94] —a— -
0.74 [0.57, 0.88] —— —a—
0.71 [0.54, 0.85) — —a—
0.34[0.19, 0.52) —a —a—

0.80 [0.63, 0.92) — —a
0.57 [0.39, 0.74] —a —a—

1.00 [0.90, 1.00] —a =
0.63 [0.45, 0.79) —e —a—
0.91 [0.77, 0.98] —a —a-
0.95 [0.82, 0.99) —a— —=
0.73 [0.59, 0.84] —= .
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Figure 4. Paired forest plot with the diagnostic test accuracy (sensitivity, specificity and 95% confidence interval) of each unit
study for the salivary biomarkers in the diagnosis of ovarian cancer.

sensitivity of 0.76 and specificity of 0.76. To further
evaluate the diagnostic accuracy of salivary biomarkers
described in the 29 studies, we also examined the
DOR, PLR and NLR. The pooled DOR value was 13.42,
which indicates a moderate overall accuracy for saliv-
ary tests. In addition, the pooled PLR value was of
3.22, indicating that patients with cancer have a

3.22-fold higher chance of having a positive test result
compared to cancer free-controls. By contrary, the
pooled NLR value was 0.31, indicating that the prob-
ability of a patient having cancer is 31% if the salivary
test shows a negative result. These results indicate the
potential of salivary tests for detection of malignant
non-oral tumours, but further controlled studies are



Oesophageal cancer
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Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% Cl) Specificity (95% Cl)
Wu etal. 2013 (01) 36 3 31 47 0.54 [0.41, 0.66) 0.94 [0.83, 0.99) —— —=
Wu etal. 2013 (02) 50 4 17 46 0.75[0.63,0.84) 0.92[0.81,0.98) — —&
Xieetal, 2012 28 6 4 10 0.88[0.71, 0.96) 0.63[0.35,0.85) —& ——
Xieetal,2013(01) 35 8 4 11 0.90[0.76, 0.97) 0.58[0.33,0.80) —- ——
Xieetal,2013(02) 36 10 3 9 0.92[0.79,0.98) 0.47[0.24,0.71) —= ——
Xieetal,2013(03) 33 8 6 11 0.85[0.69, 0.94)] 0.58[0.33,0.80) — —
Xieetal,2013(04) 31 8 8 11 0.79[0.64,0.91) 0.58[0.33,0.80) —— ——
Xieetal,2013(05) 17 2 22 17 0.44 [0.28, 0.60) 0.89 [0.67,0.99) —— —
Xieetal,2013(06) 35 10 4 9 0.90[0.76, 0.97) 0.47[0.24,0.71) —& —
Xieetal,2013(07) 20 3 19 16 0.51[0.35, 0.68) 0.84 [0.60, 0.97) —— ——
Yeetal, 2014 89 18 11 32 0.89[0.81,0.94) 0.64 [0.49,0.77) — —
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Figure 5. Paired forest plot with the diagnostic test accuracy (sensitivity, specificity and 95% confidence interval) of each unit
study for the salivary biomarkers in the diagnosis of oesophageal cancer.

Gastric Cancer

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% ClI)
Shuetal,2017(01) 22 11 1 43 0.96 [0.78, 1.00] 0.80 [0.66, 0.89] —= —
Shuetal,2017(02) 16 5 7 49 0.70[0.47,0.87) 0.91 [0.80, 0.97) — —=
Wu etal, 2009 22 0 1 18 0.96 [0.78, 1.00] 1.00[0.81,1.00] —= —a
Xiaoetal, 2016 17 4 3 16 0.85[0.62, 0.97) 0.80 [0.56, 0.94) — ——
Xuetal, 2017 62 0 1 3 0.98 [0.91, 1.00) 1.00 [0.89, 1.00] . —IF

0020406081 002040608

1

Figure 6. Paired forest plot with the diagnostic test accuracy (sensitivity, specificity and 95% confidence interval) of each unit
study for the salivary biomarkers in the diagnosis of gastric cancer.

necessary to provide evidence of their real clinical util-
ity. Furthermore, we also conducted a meta-regression
to determine the effect of saliva fraction, type of sal-
iva, anatomic tumour location, type of biomarker and
type of control on heterogeneity. While anatomic
tumour location may be a potential source of hetero-
geneity, our subgroup analysis clearly indicated that
salivary tests have a high diagnostic efficiency for
each type of cancer. According to the criteria
described by Jones and Athanasiou [17], saliva tests
showed “very good” accuracy for discriminating gastric
cancer from cancer-free controls, with an AUC of 0.96,
sensitivity of 0.91 and specificity of 0.89. Moreover,
analysis of saliva tests in pancreatic, oesophageal,
ovarian, lung and breast cancer revealed “good” diag-
nostic accuracy with AUC values of 0.87, 0.84, 0.86,
0.88 and 0.83, respectively.

Although our study represents the first work which
analyze the utility of salivary biomarkers for non-oral
cancers diagnosis that taking into account the omic
fields and tumour types, two previous meta-analyses
addressed the potential of salivary biomarkers as a
clinical tool for head and neck carcinoma [51] as well
as oesophageal, oral and pancreatic cancer detection
[52]. Guerra et al. [51] evaluated a total of 15 articles
that analyzed different types of biomarkers such as

MRNA, proteins, metabolites and DNA. Biomarker sen-
sitivity and specificity varied from 14to 100% and 38
to 100%, respectively. However, Ding et al. [52] only
evaluated the overall diagnostic values of salivary
miRNAs for cancer detection, being the sensitivity and
specificity reported of 77%. This data evidenced the
interest of salivary miRNAs as a diagnostic tool for
cancer detection.

On the other hand, salivary-based tests may be a
promising tool for screening and diagnosis of cancer
since several biomarkers detected in saliva are able to
discriminate cancer patients from healthy individuals
with a high degree of sensitivity and specificity. A
number of molecular screening tests [2] have been
established to detect cancer in early stages. However,
current clinical blood-based screening/diagnostic tests
are not accurate and specific enough [53]. For
example, the prostate specific antigen (PSA), a clinic-
ally used biomarker for prostate cancer screening and
diagnosis, has been associated with different deficien-
cies including false-positive results and overdiagnosis
[54]. Molecular markers with a higher degree of sensi-
tivity and specificity are urgently needed to improve
the cancer screening and diagnosis. Saliva-based tests
has shown potential as a tool for clinical diagnostics,
accounting with even higher diagnostic sensitivity and
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specificity compared plasma-based test for cancer
diagnosis [30].

To this regard, our study provides relevant informa-
tion about the accuracy and the applicability of saliv-
ary biomarkers to improve cancer detection by using
a dynamic and non-invasive sample. However, we
found some important limitations during our analysis.

ROC curve of salivary tests in cancer detection
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Figure 7. SROC curve with pooled estimates of sensitivity,
specificity and AUC on the diagnostic value of salivary bio-
markers in cancer.
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Publication bias is one of the main limitations. This
could be explained by the fact that positive diagnostic
accuracy results are easier to publish than studies
revealing negative results [55]. Moreover, small-size
studies have a higher risk of uncontrolled bias.
Therefore, future larger and randomized studies are
needed to refute or support the actual scientific evi-
dence. The methodological design of the studies
included in the present meta-analysis represents
another limitation. Several studies reported sensitive
and specificity values without a validation phase.
Furthermore, saliva-based diagnosis in cancer is still in
its infancy for numerous tumours, limiting the number
of studies included for specific types of cancer. Most
of the selected studies did not perform a correlation
analysis between the salivary biomarkers and TNM
stage. From those studies evaluating the correlation
with TNM stage, in two the salivary miRNA expression
levels were not significantly correlated with cancer
stage [29,39]. By contrary, another two studies
reported a positive correlation between different saliv-
ary biomarkers and the cancer stage [33,44]. In spite
of these data, the number of studies that correlated
both variables were too low, it was not possible to
perform a subgroup analysis based on TNM stage.
Although this meta-analysis provides evidence about
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the potential clinical application of different salivary
biomarkers, one of the most important circulating bio-
marker, the cell free-DNA (cfDNA) [56], was not
included in the study because of the unique three
studies focussed on salivary cfDNA in non-oral cancer
did not meet our inclusion criteria [57-59]. Despite of
the potential clinical application of salivary cfDNA for
detection EGFR mutation, not significant differences
were observed among the salivary cfDNA concentra-
tion among lung cancer patients and control groups,
which suggests that salivary ¢fDNA might not be an
ideal marker for the diagnosis of tumours distant to
the oral cavity [57]. In this sense, more research is
required to effectively evaluate the potential of saliv-
ary cfDNA as diagnostic biomarker in cancer. In add-
ition, most of the studies included in our meta-
analysis are based on Asian populations, so subse-
quent studies should be performed in other ethnic
populations. To face these challenges, research efforts
should be addressed to validate salivary biomarkers
for tumours diagnosis, characterization and monitor-
ing. Importantly, our study provides important infor-
mation on the current virtues and limitations of using
salivary biomarkers that can help researchers improve
future study designs.

5. Conclusion

In conclusion, our findings provide evidence on the
potential application of saliva as a novel liquid biopsy
for cancer screening and early diagnosis. Despite
some limitations, our data demonstrate that salivary
biomarkers have enough sensitivity and specificity to
be applied for non-oral cancer detection. Fortunately,
ongoing advances in salivaomics technology point
towards a promising future of salivary biomarkers in
cancer management. However, future guidelines on
saliva research should require a randomized independ-
ent validation phase and multicenter design.
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