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ABSTRACT

Excluding non-melanoma skin cancer, breast cancer (BC) is the most
common type of cancer. The objectives of this study were: 1) to evaluate
salivary concentration of cancer antigen 15-3 (CA15-3) in BC patients and
healthy  controls (HC) by chemiluminescence assay (CLIA),
electrochemiluminescence assay (ECLIA) and enzyme-linked immunosorbent
assay (ELISA) and to correlate with serum CA15 -3 determined by ECLIA; 2)
to evaluate the diagnostic capacity of saliva metabolites in cancer patients in
a systematic literature review; 3) determine the profile of metabolites in saliva
of BC patients and HC by liquid chromatography followed by mass
spectrometry. ELISA and CLIA, unlike ECLIA, were able to detect CA15-3 in
the participants' saliva. The results were presented in the format of articles
There was no significant difference between serum and salivary CA15-3
values in cases or HC. There was a moderate correlation between serum
salivary CA15-3 levels in BC patients by ELISA (r = 0.56, p = 0.0047). The
systematic review identified 1,151 studies and 25 were included. Most
evaluated patients with breast and oral cavity cancer. 140 salivary metabolites
were significant different between patients and HC, most of them amino acids.
Mass spectrometry identified 534 ions in both groups. 31 ions were
overexpressed in BC cases (p <0.05). The Metlin database identified 7
oligopeptides and 6 glycerophospholipids (PG14:2, PA32:1, PS28:0, PS40:6,
PI131:1 and PI38:7). Saliva is a promising diagnostic medium and BC

metabolome studies can identify potential salivary biomarkers.

Keywords: breast cancer, CA15-3, saliva, metabolites, mass
spectrometry.



RESUMO

Excluindo cancer de pele ndo melanoma, o cancer de mama € o tipo mais
comum de neoplasia. Os objetivos desse estudo foram: 1) avaliar a
concentracdo na saliva do antigeno do céancer 15-3 (CA15-3), em pacientes
com cancer de mama e controles saudaveis, pelos métodos de
guimioluminescéncia  (CLIA), ensaio imunoenzimatico (ELISA) e
eletroquimioluminescéncia (ECLIA) e correlacionar com o CA15-3 sérico
determinado por ECLIA; 2) avaliar a capacidade diagndéstica de metabdlitos
na saliva em pacientes com cancer em uma revisao sistematica da literatura;
3) determinar o perfil de metabdlitos na saliva de pacientes com cancer de
mama e controles saudaveis, através de cromatografia liquida seguida por
espectometria de massa. Os resultados foram apresentados na forma de
artigos. ELISA e CLIA, ao contrario de ECLIA, foram capazes de detectar
CA15-3 na saliva das participantes. Nao houve diferenca significativa entre os
valores meédios seéricos e salivares de CA15-3 em casos ou controles
saudaveis. Houve uma correlacdo moderada entre 0s niveis séricos de
CA15-3 salivar medido pelo ELISA em pacientes com cancer de mama (r =
0,56, p = 0,0047). A revisao sistematica identificou 1.151 estudos e 25 foram
incluidos. A maioria avaliou pacientes com cancer de mama e de cavidade
oral. 140 metabdlitos salivares foram significativos entre pacientes e
controles, sendo a maioria aminoacidos. Espectometria de massa identificou
534 ions nos dois grupos. 31 ions estavam superexpressos nos casos de
cancer de mama (p <0,05). A base de dados Metlin identificou 7
oligopeptideos e 6 glicerofosfolipideos (PG14:2, PA32:1, PS28:0, PS40:6,
PI31:1 e PI38:7). Saliva € um meio diagndstico promissor e estudos de
metaboloma em cancer de mama podem identificar potenciais biomarcadores

salivares.

Palavras chave: cancer de mama, CA15-3, saliva, metabdlitos, espectometria

de massa.
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1 INTRODUCTION

Worldwide, in 2018, there was an estimative of 2.1 million newly
diagnosed breast cancer cases, accounting for almost 1 in 4 cancer cases
among woman and 627,000 deaths (1). Excluding non-melanoma skin
cancers, breast cancer is the most common type of cancer and the leading
cause of cancer death among women(1). According to 2018 estimates from
the Brazilian National Cancer Institute (INCA), 59,700 new cases would be
diagnosed this year, with an estimated risk of 56.33 cases for each 100,000
women(2). In 2017, there were 16,927 deaths from breast cancer in Brazil(3).

Breast cancer is an extremely heterogeneous disease caused by
interactions between inherited and environmental risk factors that lead to the
progressive accumulation of genetic and epigenetic changes in breast cells(4).
The most important risk factors are age over 40, history of mammary gland
diseases, history of cancer in first-degree relatives, early menarche and late
childbearing (after 35 years of age), woman’s age at menopause and
caucasian race. Despite the identification of many risk factors, in 75-80% of
cases no risk factor is found(4). The risk factors can be divided in inherent
and extrinsic. Inherent factors include sex, age, race, genetics and constitute
independent parameters and do not undergo simple modification in the course
of an individual’s life(4). Extrinsic factors are conditioned by lifestyle, diet or
long-term medical intervention and their influence on the neoplastic process
may be modified to a certain degree(5). Deleterious mutations in the BRCA1
and BRCA2 genes are responsible for most hereditary breast cancers and are

implicated in about 10-15% of these cancers(6).

A relevant obstacle to early identification of breast cancer is the
development of accurate and convenient exams able to identify individuals
potentially affected by the disease(7). Early detection of breast cancer allows
easier treatment (minor surgery, less radiation or chemotherapy) and
increased survival(8). Currently, screening with mammography is considered
the gold standard for early breast cancer detection(9). However, the sensitivity
of this exam varies between 54% and 77%, depending on the type of
mammographic procedure(10). False positive rates in breast cancer
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screening constitute an important limitation, causing unnecessary biopsies
(11).

To confirm the diagnosis of breast cancer, breast biopsies such as core
biopsy or mammotomy  followed by histopathological and
immunohistochemical analyzes are used, although Ilimitations in these
methods have already been reported(12). The biopsy procedure is invasive
and in some cases associated with patient morbidity. The relative complexity,
low access and high costs of the gold standard approach employed to
diagnose the vast majority of breast cancer cases have prompted the search
for alternative diagnostic methods and biomarkers to improve early
detection(12).

According to the US Cancer Institute, a biomarker is a biological
molecule found in blood, body fluids, saliva or tissues, representing a sign of a
normal or abnormal process, or a sign of a disease condition such as
cancer(13). Biomarkers typically differentiate a patient affected by a disease
from a healthy individual. These changes can occur due to a number of
factors including somatic or germline mutations, transcriptional changes, and

post-translational changes.

There are a wide variety of biomarkers, including proteins, nucleic
acids, antibodies, peptides, metabolites, among others(14). The biomarker
definition of the Biomarker Working Group is: a cellular, biochemical and
molecular alteration by which a simple, normal or abnormal biological process
can be recognized or monitored and used to objectively measure and
evaluate normal biological processes, pathogenic processes or

pharmacological responses to therapeutic interventions(15).

A cancer biomarker refers to a substance or process that indicates the
presence of cancer in the body. It may be a tumor-secreted molecule or it may
be an organism-specific response to the presence of the neoplasm(13).
Evidence suggests that serum and salivary biomarkers are viable options for
diagnosis(14). Protein biomarkers can facilitate early detection of diseases at

a stage that allows them to cure and can help distinguish subgroups of
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patients who respond to certain types of treatments from those who do
not(16).

Biomarkers may be used in patient follow-up, for example in the setting
of metastatic disease(17). Circulating tumor protein soluble markers such as
carcinoembryonic antigen (18), prostatic specific antigen (PSA), cancer
antigen 125 (CA125), cancer antigen 15-3 (CA15-3) and cancer antigen 19-9
(CA19-9) antigens are respectively used to follow patients with colorectal,
prostate, ovary, breast and pancreas cancer to assess response to
treatment(19). Despite its widespread use, the only biomarker with high level
of evidence for use in follow-up is the CEA for colorectal cancer(20). To date,
the American Oncology Association, in its guidelines, does not recommend
the use of biomarkers for the follow-up of breast cancer patients, and even the

use of biomarkers for the diagnosis of the disease remains uncertain(21).

Recent technological advances in proteomics, metabolomics and
transcriptomics have resulted in the identification and characterization of
salivary components that may be useful for the diagnosis, prognosis and / or
therapeutic follow-up of many diseases(22-26). Investigation of salivary
biomarkers has developed beyond oral disease to systemic diseases (27, 28),
expanding their detection potential (29-33). Saliva-based translational
research and technology is now in a mature phase and can be evaluated to
determine its usefulness in the detection of malignancies, since a sensitive
assay readily identifies biomarkers using collected clinical specimens(30). A
non-invasive method would be ideal for the detection and screening of
malignant disease(26). As a diagnostic tool, saliva has several biochemical
advantages compared to blood(34). Its collection is safe (ie without needle
punctures), noninvasive and relatively simple. In addition, it can be collected

repeatedly without discomfort for the patient(34).

Cancer antigen 15-3 (CA15-3) is a 300-400 kilodalton glycoprotein
(KDa) produced by glandular epithelial cells (35). Serum levels of CA15-3
detect soluble forms of mucin 1 (MUC1), an aberrantly overexpressed
transmembrane glycoprotein in breast cancers(36). The MUC1 protein is a

broad glycosylated transmembrane molecule containing three major domains:
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a large extracellular region, a sequential expansion membrane, and a
cytoplasmic domain(37) (see Figure 1). Although the physiological function of
MUC1 is unclear, this glycoprotein has been implicated in cell adhesion,

lymphatic invasion and metastasis(38).

The first radioimmunometric assay for the identification of CA15-3 in
the blood was performed in 1985 and was based on two monoclonal
antibodies: DF3 and 115D8 (39). The most commonly used assays to detect
serum CA15-3 are based on the 115D8 (used as a capture antibody), DF3 (as
a detection antibody) sandwich-based Enzyme-Linked Immunosorbent Assay
(ELISA) and chemiluminescence methods(40). The cutoff value for the serum
CA15-3 level is set between 25 and 40 U/ mL(41).

Although many molecules have been investigated as presumed
markers for breast cancer, only a few have sufficient sensitivity and specificity
to be clinically useful. Studies indicate that serum CA15-3 sensitivity varies
according to tumor mass and disease stage: 9% at stage |, 19% at stage I,
38% at stage Ill, and 75% at stage IV(42). In the initial phase, only 23% of
cases have increased this marker and therefore, due to its low sensitivity and
relatively low specificity for detection of early breast cancer, CA15-3 dosing is
not recommended for screening, diagnosis or for evaluation of suspected
breast lump(42). CA15-3 is widely used for the early diagnosis of relapse,
preceding clinical signs by up to 13 months (43). Regarding prognosis,
patients with preoperative values greater than 40 U/ mL have a 77%
probability of relapse in 5 years(44). Only 1.3% of the healthy population has
high concentration levels of serum CA15-3(45). Altered values may occur in
pancreatic, lung, liver, ovarian, and cervical cancer, or, more rarely, in benign

breast diseases and liver disease(46).

The presence of CA15-3 in saliva was discovered in the 2000s in
women diagnosed with breast cancer(47). However, sufficiently sensitive and
reproducible diagnostic methods based on saliva are not yet available. Due to
the importance of CA15-3 in breast cancer patients that many times require
needle puncture exams and have the risk of lymphedema, a search for a

method with less morbidity such as CA15-3 in saliva is justified.
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Figure 1. Schematic representation of the MUC1 protein. Withdrawn and adapted from
Bafna et al.(48)

Currently, salivary biomarkers can be characterized or quantified by
biochemical or immunohistochemical means and by genomic, proteomic,
transcriptomic and through metabolomics, an emerging and promising method
(26, 49-51). Saliva-based diagnostics, particularly those based on
metabolomic technologies offer a clinical strategy that can characterize the

association between salivary analysis and a particular disease(52).

Cancer metabolism is one of the oldest areas of research in cancer
biology, predating the discovery of oncogenes and tumor suppressors by
some 50 years(53). The field is based on the principle that metabolic activities
are altered in cancer cells relative to normal cells, and that these alterations
support the acquisition and maintenance of malignant properties(53). Most of
the classical examples of reprogrammed activities either support cell survival
under stressful conditions or allow cells to grow and proliferate at

pathologically elevated levels(54).

Metabolic alteration is a hallmark of cancer cells and malignant
transformation is characterized by the occurrence of multiple changes in

metabolic pathways that are linked to the synthesis of macromolecules (55,
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56). Figure 2 ilustrates the hypothetical links between different metabolic
alterations and the seven Hallmarks of Cancer. Cancer cells use the similar
metabolic network to that of the normal tissues from which they originated and
have altered metabolism in order to proliferate and survive in an adverse
environment(57). Cancer phenotypes are associated to aerobic glycolysis, de
novo lipid biosynthesis and glutamine-dependent anaplerosis among other
metabolic alterations and can be caused by metabolic gene expression after

activation of growth signaling of normal and malignant cells(58).
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Figure 2. The links to tumor metabolism and the seven Hallmarks of Cancer
(evading apoptosis, self-sufficiency in growth signals, avoidance of immune surveillance,
insensitivity to antigrowth signals, tissue invasion and metastasis, limitless replicative
potential and sustained angiogenesis). Centripetal arrows (pointing from the inside outwards)
indicate how the seven hallmarks of cancer can impinge on metabolism. Centrifugal arrows
(pointing from the outside inwards) illustrate how neoplasia-associated metabolic
reprogramming can contribute to the acquisition of the seven hallmarks. Ang-2, angiopoietin-
2; GLUT, glucose transporter; HIF, hypoxia-inducible factor; HK, hexokinase; OXPHOS,
oxidative phosphorylation; PGM, phosphoglycerate mutase; PI3K, phosphatidylinositol 3-
kinase; SCO2, synthesis of cytochrome c oxidase 2; VDAC, voltage-dependent anion

channel; VEGF, vascular endothelial growth factor. From Kroemer et al.(59)
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The classical example of a reprogrammed metabolic pathway in cancer
is the Warburg effect or aerobic glycolysis(60). Glycolysis is a physiological
response to hypoxia in normal tissues, but Otto Warburg in the 1920s
observed that tumor slices and ascites cancer cells constitutively take up
glucose and produce lactate regardless of oxygen availability, an observation
that has been seen in many types of cancer cells and tumors(61). Figure 3
represents a scheme of aerobic glycolysis. Otto Warburg’s hypothesis that
cancer cells take up glucose and generate a substantial amount of lactate in
the presence of ambient oxygen due to impaired mitochondrial function led to
the widely held misconception that cancer cells rely on glycolysis as their
major source of adenosine triphosphate (ATP) (62). Today, it is clear that
cancer cells exhibit aerobic glycolysis due to activation of oncogenes, loss of
tumor suppressors, and up-regulation of the phophoinositide-3-kinase (PI13K)
pathway, and that one advantage of high glycolytic rates is the availability of

precursors for anabolic pathways(53).

Tumor cells
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Aerobic glycolysis — Warburg effect

Figure 3. Representation of the aerobic glycolysis phenomenon in cancer cells.
Tumor cells can convert most of the available glucose to produce lactate regardless of the

presence or absence of oxygen. This phenomenon in called Warburg effect, where cancer
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cells showed a high rate of glycolysis and a decrease in mitochondrial respiration. From Ray
et al.(63)

The increase in glycolytic flux allows glycolytic intermediates to supply
subsidiary pathways to fulfill the metabolic demands of proliferating cells(60).
Like glycolytic intermediates, tricarboxylic acid cycle intermediates are also
used as precursors for macromolecule synthesis(6). Their utilization in
biosynthetic pathways requires that carbon be resupplied to the cycle so that
intermediate pools are maintained; pathways that “refill” the cycle are termed
anaplerotic pathways, and they genarate tricarboxylic acid (6) cycle
intermediates that can enter the cycle at sites other than acetyl-coenzyme A
(CoA) (6, 53).Two activities that provide anaplerotic fluxes in cancer cells are
glutaminolysis, which produces a-ketoglutarate from glutamine, and pyruvate
carboxylation, which produces oxaloacetate from glucose/pyruvate(64).
Oxidation of the branched-chain amino acids (BCAAs) isoleucine and valine

also provides an anaplerotic flux in some tissues(53).

In addition to pyruvate derived from glycolysis, fatty acids and amino
acids (AA) can supply substrates to the TCA cycle to sustain mitochondrial
ATP production in cancer cells(65). The breakdown of fatty acids (B-oxidation)
in the mitochondria generates acetyl-CoA and the reducing equivalents NADH
and FADH2, which are used by the electron transport chain (ETC) to produce
mitochondrial ATP(66). The amino acid glutamine can generate glutamate
and subsequently a-ketoglutarate to fuel the TCA cycle through a series of
biochemical reactions termed glutaminolysis(67). Furthermore, the AAs
isoleucine, valine, and leucine, which are elevated in plasma of patients with
cancers, can be converted into acetyl-CoA and other organic molecules that
also enter the TCA cycle(68). The metabolic flexibility afforded by multiple
inputs into the TCA cycle allows cancer cells to adequately respond to the
fuels available in the changing microenvironment during the evolution of the
tumor(53). Figure 4 shows a schematic representation of aerobic glycolysis

and oxidative phosphorylation.

Metabolomics describes the study of concentrations and fluxes of low

molecular weight (MW) metabolites present in biofluids or tissue that provide
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detailed information on biological systems and their current status(69). The
principal analytical tools recruited for metabolome analysis are mass
spectrometry (MS) and nuclear magnetic resonance spectroscopy (NMR)(70).
MS can be coupled with a separation technique such as gas chromatography
(GC-MS), liquid chromatography (LC-MS) or capillary electrophoresis (CE-
MS)(51).
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Figure 4. Schematic representation of aerobic glycolysis and oxidative
phosphorylation. Blue left panel is a schematic representation of cancer cells relying
predominantly on aerobic glycolysis. Pyruvate is preferentially oxidized into lactate (dark line).
Consequently, acetyl-CoA is less incorporated into the TCA cycle (dashed line), which leads
to decreased production of reducing equivalents. Some cancer cells exhibit a reciprocal
phenotype, with enhancement of the OXPHOS metabolism (green right panel). Here,
pyruvate is oxidized into acetyl-CoA and subsequently metabolized into the TCA cycle (dark
lines), but less converted into lactate (dashed line). Mitochondrial respiration produces ATP
and oxidizes electrons from reduced cofactors and reduces O2 into H20O through the ETC
complexes. The various single-electron intermediates can escape and react with O2 forming
ROS. OXPHOS cancer cells show elevated antioxidant programs, which help them to detoxify
ROS produced by the ETC and regenerate reduced GSH. GSH, glutathione; H202, hydrogen
peroxide; H20, water; OXPHOS, oxidative phosphorylation; 02, oxygen; O20), superoxide

anion radical; ROS, reactive oxygen species. From Gentric et al. (71)
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The metabolomics experiments can have two designs: targeted and
untargeted. In untargeted approach, metabolites are first isolated from
tissues, biofluids, or cell cultures and subsequently analyzed by LC/MS(72).
After data acquisition, the results are processed by using bioinformatic
software such as XCMS to perform nonlinear retention time alignment and
identify metabolite features that are changing between the groups of samples
measured(73). Metabolite features of interest are searched in metabolite
databases on the basis of accurate mass to obtain putative identifications.
Putative identifications are then confirmed by comparison of MS/MS and
retention time data to that of standards(74). The untargeted workflow is global

in scope and outputs data related to comprehensive cellular metabolism(73).

In targeted metabolomic workflow, standard compounds for the
metabolites of interest are obtained and used to setup selected reaction
monitoring methods. Instrument voltages are established and concentration
curves are generated for absolute quantitation(75). After the targeted methods
have been established on the basis of standards, the metabolic extract is
analyzed from the research samples(76). The data output provides
guantitation only of those metabolites for which standard methods have been
built(73). Figure 5 ilustrates the untargeted and targeted flows for LC/MS

based metabolomics.

Differences in serum and salivary metabolites of cancer patients and
healthy controls have already been described(77, 78). Combination serum of
metabolites may be a good marker for oral cancer (OC). Propionate + acetone
+ acetate + choline had good diagnostic value with sensitivity of 90.9% and
specificity of 96.0%. The metabolites not only discriminates control and
disease samples but also exhibits noteworthy potential to differentiate oral
leukoplakia and oral cancer stages of disease-sample with high specificity(78).
Salivary choline + betaine + pipecolinic acid+ L-carnitine give a predictive
value with 100% sensitivity and 96.7% specificity for OC diagnosis(79). The
combination of salivary L-phenylalanine and L-leucine revealed sensitivity
(92.3%) and specificity (91.7%) for early diagnosis of OC(80). Salivary
propionylcholine, N-acetyl-L-phenylalanine, sphinganine, phytosphingosine,
and S-carboxymethyl- L-cysteine in combination yielded sensitivity 100% and
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specificity 96.7% in distinguishing early stage of OC(25). Eighteen potential
metabolites for diagnosing breast cancer (BC) were identified and three up-
regulated metabolites, LysoPC (18:1), LysoPC (22:6) and MG (0:0/14:0/0:0)
provided area under curve (AUC) values of 0.920, 0.920 and 0.929
respectively, showing a high accuracy in predicting BC(81).

Given the growing interest in salivary diagnosis, different authors
emphasize the need for standardization of sample collection and the
development of multi-marker detection tools validated for specificity and
sensitivity(82). These findings justify the study and research of salivary
biomarkers for the diagnosis of chronic diseases such as breast cancer, that
is the most common type of cancer and the leading cause of cancer death

among women worldwide, excluding non melanoma skin cancer(1).

Due to all these important features, we will study the presence of
biomarkers in saliva such as CA15-3 and metabolites of breast cancer
patients and healthy controls, in order to evaluate their diagnostic capacity.
Since saliva is easily accessible, it becomes an attractive test fluid especially
for cancer patients, who routinely and systematically undergo invasive tests

with various drawbacks.
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Figure 5. Untargeted and targeted workflow for LC/MS metabolomics. From Patti et al. (83) The
untargeted metabolomic workflow: metabolites are first isolated and subsequently analyzed by LC/MS.
After data acquisition, the results are processed by using bioinformatic software such as XCMS to
perform nonlinear retention time alignment and identify metabolite features that are changing between
the groups of samples measured. Metabolite features of interest are searched in metabolite databases

on the basis of accurate mass to obtain putative identifications.




28

2 ARTICLES

2.1 Article 1: Correlation between salivary and serum CA15-3

concentration in breast cancer patients

Daniele Xavier Assad®?, Elisa Cancado Porto Mascarenhas®3, Ana Gabriela
Costa Normando!, Helene Chardin*®, Gustavo Barcelos Barra®, Riccardo
Pratesi /, Yanna Karla de Medeiros N6brega®, Ana Carolina Acevedo?, Eliete

Neves Silva Guerral”

! Laboratory of Oral Histopathology, Health Sciences Faculty, University of Brasilia
Campus Universitario Darcy Ribeiro, Brasilia DF, Brazil

2 Medical Oncology Department, Hospital Sirio-Libanés, SGAS 613 Conj. E BI. B,
Brasilia DF, Brazil

3 Medical Oncology Department, Cettro- Centro de Cancer de Brasilia, SMH/N
Quadra 02, 12° Andar, Brasilia, DF, Brazil.

4 Department of Analytical, Bioanalytical Sciences and Miniaturization (LSABM),
ESPCI Paris, UMR CBI 8231, PSL Research University, Paris, France

> Faculté de Chirurgie Dentaire, Université Paris Descartes Sorbonne Paris Cité,

Paris, France

6 Sabin Medicina Diagnéstica, SAAN Quadra 03 lotes 145/185, 70632-340, Brasilia —
DF, Brazil

! Interdisciplinary Laboratory of Biosciences and Celiac Disease Research Center,
School of Medicine, Campus Universitario Darcy Ribeiro, University of Brasilia,

Brasilia, Brazil

8 Applied Analysis Laboratory, Department of Pharmaceutical Sciences, Health
Sciences Faculty, University of Brasilia, Campus Universitario Darcy Ribeiro, Brasilia
DF, Brazil



29

Abstract

Early detection of breast cancer enables the use of less aggressive
treatment and increases the chance of survival. The transmembrane
glycoprotein mucin 1 (MUC1), also known as cancer antigen 15-3 (CA15-3), is
aberrantly glycosylated and overexpressed in a variety of epithelial cancers,
and plays a crucial role in progression of the disease. In the present study,
CA15-3 concentrations in saliva and blood of patients with breast cancer were
evaluated. There are no previous reports of the use of chemiluminescence
assay (CLIA) and electrochemiluminescence assay (ECLIA) in saliva. Saliva
and blood were collected on the same day from breast cancer patients (N=26)
and healthy controls (N=28). For each individual subject, the level of serum
CA15-3 was measured by ECLIA, and the level of salivary CA15-3 was
measured by ECLIA, CLIA, and enzyme-linked immunosorbent assay (ELISA).
ELISA and CLIA were able to detect CA15-3 in saliva, however ECLIA could
not detect salivary CA15-3. There was no significant difference between mean
serum and salivary CA15-3 levels in breast cancer patients or healthy controls
(p=0.41). However, the mean values for CA15-3 in serum were higher in
breast cancer patients than in healthy controls. The levels of CA15-3 were
highest for luminal breast cancer subtypes and stage IV cases. There was a
moderate correlation between salivary and serum CA15-3 levels as measured
by ELISA in breast cancer patients (r=0.56, p=0.0047). The results showed
that ECLIA was not a good method to detect salivary CA15-3, although it is
the golden standard for detecting serum CA15-3. The presence of CA15-3 in
saliva was confirmed and this will be useful in future research. Further
investigations are necessary to confirm the capability of detection of salivary
CA15-3 and its correlation to serum CA15-3.

Keywords: breast cancer, saliva, CA15-3, electrochemiluminescence,

enzyme-linked immunosorbent assay, chemiluminescence.
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1 INTRODUCTION

Breast cancer is the most commonly diagnosed cancer and the leading
cause of cancer death among females (1). A multidisciplinary approach
involving surgical, radiation, and systemic treatments has contributed to a
reduction in breast cancer mortality in recent years (2). The decrease in
mortality is likely attributable, in part, to improved breast cancer screening and
adjuvant therapy (3).

The early diagnosis of breast cancer is vital to increase survival rates,
decrease morbidity, and reduce the likelihood of recurrence of disease (4).
Breast cancer diagnosed at an early stage is more likely to be treated
successfully and has a better prognosis. When the initial tumor burden is

advanced, the patient’s chances of survival are much lower (5).

Breast cancer diagnosis has two main steps: the identification of a
suspected lesion with radiological screening examinations, and a confirmatory
biopsy (2). Conventional screening with physical examination and
mammography has less-than-desirable sensitivity (54%) and specificity (77%)
[6]. Breast biopsy and histopathology studies are the reference standard for
diagnosis; however, they have limitations owing to the invasiveness of the
procedure and the risk of morbidity (7). In this context, emerging research has

focused on breast cancer biomarkers as a potential adjunctive diagnostic tool.

Members of the human mucin (MUC) family — designated MUC1 to
MUC21 — are cell surface receptors and have been sub-classified into
secreted and transmembrane forms (8). MUC1 is a transmembrane member
of the mucin family that is aberrantly glycosylated and overexpressed in a
variety of epithelial cancers after transformation and loss of polarity (9). MUCL1
localizes in the apical membranes of normal secretory epithelial cells and
provides protection to the underlying epithelia in healthy tissues, maintaining
homeostasis and, therefore, promoting cell survival in variable conditions (10).:
Tumor-associated MUCL1 differs from the MUC1 expressed in normal cells

and participates in intracellular signal transduction pathways and regulates
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the expression of its target genes at both the transcriptional and
posttranscriptional levels (11).

Cancer antigen 15-3 (CA15-3) is a soluble form of the transmembrane
glycoprotein mucin 1 (MUC1). CA15-3 corresponds to an immunodominant
epitope in the extracellular portion of the protein that is shed into the
bloodstream and can be detected by several monoclonal antibodies (12).
CA15-3 is the most widely used serum marker to detect recurrent breast

cancer and monitor treatment of patients with advanced disease (13).

Human saliva mirrors the body’s health and most of the biomolecules
that are present in blood or urine can also be found in salivary secretions (14).
It offers several benefits over traditional blood-based biochemical analyses for
clinical diagnostics: non-invasiveness and stress-free sample collection; easy
and multiple sampling opportunities; reduced need for sample pre-processing;
minimal risk of contracting infectious organisms such as human papilloma
virus, hepatitis B, and human immunodeficiency virus (15). In the last decade,
saliva has emerged as a source of biochemical data to detect chronic
diseases, as it may contain real-time information describing the overall

physiological condition (84).

Enzyme-linked immunosorbent assay (85), electrochemiluminescence
(86), and chemiluminescence (CLIA) are the most frequently used methods to
assess serum levels of CA15-3 (17-21). Several methods for evaluating
salivary levels of CA15-3 have been used, however, the most frequently
reported is ELISA (19, 20, 22-24). There are no reports of the application of
CLIA and ECLIA to detect CA15-3 salivary levels.

Owing to the worldwide importance of breast cancer and the need to
evaluate alternative methods for detecting salivary levels of CA15-3, such as
ECLIA and CLIA, the aim of this study was to evaluate ELISA, CLIA, and
ECLIA methods for quantifying the levels of CA15-3 in saliva and serum of
breast cancer patients compared to healthy controls. We found that salivary
CA15-3 could be detected using ELISA and CLIA, but not ECLIA.
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2 PATIENTS AND METHODS

Subjects

Subject recruitment and sample collection followed the guidelines of
the Institutional Review Board of the oncology recruiting centers: Hospital
Universitario de Brasilia (HUB), Hospital de Base do Distrito Federal (HBDF),
Hospital Sirio Libanés and Centro de Céancer de Brasilia- Cettro. The cohort
study was approved by the Research Ethics Committee of the Faculty of
Health Sciences at the University of Brasilia (UnB-DF, Brazil) through
Plataforma Brasil protocol 57449716.5.0000.0030, and was conducted
according to the Declaration of Helsinki principles. Written informed consent
was obtained from each subject before participation in the study.

The inclusion criteria for the breast cancer patients group were as
follows: i) capable of giving informed consent; ii) not pregnant or lactating; iii)
no active oral/dental disease; iv) no prior neoplasia (except for non-
melanomatous skin cancers and carcinoma in situ of the cervix, or benign
tumors such as adenomas), and no alterations of renal function, congestive
heart failure, active infection hepatitis or HIV; and v) a proven histopathologic
diagnosis of breast cancer. These patients were enrolled prior to definitive
surgery for the excision of the primary tumor and prior to systemic treatment
(neo-adjuvant chemotherapy or palliative endocrine/ or chemotherapy). All
patients were recruited by convenience after appointment at an oncology
center. The control subjects were healthy female volunteers recruited from the
general population, for whom breast cancer was ruled out by physical
examination and radiological breast images. None of the participants in the

control group were knowingly suffering or being treated for a malignancy.

Specimen collection, transportation, and preparation

Venous blood and saliva samples were collected on the same day for
each participant. All participants abstained from eating, drinking, smoking and
performing oral hygiene procedures for at least 1 hour prior to collection of
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saliva. For saliva collection, participants were instructed to chew on a cotton
swab (Salivette®, Sarstedt AG & Co, Numbrecht, Oberbergischer Kreis,
Germany) for a period of 2 minutes. Each swab containing saliva was
returned to a separate plastic container and then packaged in a styrofoam
with recyclable ice sheets. Within 4 hours, the material was transported to the
laboratory for processing. The saliva sample was centrifuged for 5 minutes at
3,000 rotations per minute (rpm) at 8 °C. After centrifugation, the sample was
transferred to a clean Eppendorf tube and frozen at -80 °C until processing.
The saliva samples were thawed at room temperature for CA15-3 analysis.
Typically, patients donated 5-10 mL of saliva.

Blood samples were obtained by venipuncture and were collected in
serum tubes with separator gel. Blood was centrifuged at 3,500-5,000 rpm for
5 minutes and the total volume obtained was separated into 2 Eppendorf

tubes and frozen at -20 °C until samples were analyzed.

Electrochemiluminescence assay (ECLIA) for detection of serum and
salivary CA15-3

Measurement of serum CA15-3 was performed by ECLIA on a fully
automated Roche Cobas 8000 analyzer with an e801 module (Roche
Diagnostics, Basel, Switzerland) according to the manufacturer’s instructions
and reported in U/mL. The development of ECLIA is based on the use of a
ruthenium-complex and tripropylamine (TPA). The chemiluminescence
reaction for the detection of the reaction complex is initiated by applying a
voltage to the sample solution resulting in a precisely controlled reaction. The
limit of blank, limit of detection, and limit of quantification for measuring CA15-
3 in serum with the Cobas 801 module are 1.0 U/mL, 1.5 U/mL, and 3 U/mL,
respectively (Elecsys CA15-3 Il Label, 07027001500V2.0) (11).

Measurement of salivary CA15-3 was performed as described above

for serum; however, saliva is an off-label specimen for the applied assay.
Chemiluminescence assay (CLIA) for detection of salivary CA15-3

Measurement of salivary CA15-3 was performed according to the

manufacturer’s instructions using a sandwich CLIA with the BR-MA 15-3
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reagent kit in an IMMULITE 1000® system (Siemens Healthcare Diagnostics
Inc., Erlangen, Germany). The kit for serum assay was used for salivary

assay; however, saliva is an off-label specimen for the applied assay.

The microtiter plates were pre-coated with an antibody specific for the analyte.
Standards or samples were added to the appropriate microtiter plate wells,
where the analyte present in the standards and samples would bind to the
immobilized antibody. Next, biotin-conjugated antibody was added and bound
to the analyte on the plate. The complex of two antibodies and the analyte in
the wells forms a “sandwich” structure. After any unbound biotin-conjugated
antibody was removed by washing, avidin-conjugated horseradish peroxidase
was added to each microplate well. After incubation at 25°C for 20 minutes,
luminol was added into the wells. Relative luminescence intensity was
determined using a photomultiplier, in relative light units (RLU), being
proportional to the amount of CA15-3 present in the sample, and the results
were expressed as U/mL. The assay limit of detection for CA15-3 is 1.0 U/mL
(25

Enzyme-linked immunosorbent assay (ELISA) assay for detection of
salivary CA15-3

ELISA reactions were performed using the CA15-3 AccuBind ™
reagent kit (Lake Forest, California, United States of America) for use in BEST
2000® equipment (Biokit, Barcelona, Spain), according to the manufacturer’s
instructions. The kit used for salivary assay was the same as that used for
serum assay; however, saliva is an off-label specimen for the applied assay.
The assays are a two-site solid phase enzyme immunoassay. The molecules
of the antigens of interest are “sandwiched” between two monoclonal
antibodies, the first one attached to the ELISA solid phase and the second
one linked to the horseradish peroxidase (enzymatic conjugate). After
washing, the enzymatic reaction develops a color proportional to the quantity
of CA15-3 antigen present. The absorbance was read at 450nm using a
spectrophotometer and concentrations were calculated from standard curves

constructed from known concentrations of the ligand.
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For the calculation of the results, a standard-logarithmic curve was
obtained by plotting the measured values of the 6 calibrators by the
corresponding units (linear/log). The analysis was performed in duplicate, and
the mean of the two values obtained was calculated. The results were

expressed as U/mL.

For this assay, the limit of blank and functional limit of detection for
measuring CA15-3 in serum are 0.2 U/mL and 1.25 U/mL, respectively
(AccuBind ™ reagent kit, Revision: 3, Date: 072611, Cat #: 5625-300,
DCO:0504)(25).

TNM and molecular profile of breast cancer

TNM staging was performed according to the 7th edition of the AJCC
(26), and the molecular profile classification was determined in accordance
with the immunohistochemical definitions of the Saint Gallen consensus (27).
The median of the levels of serum and salivary CA15-3, detected by ECLIA,
CLIA, and ELISA, were determined for each patient based on TNM and

molecular profile.
Statistical analysis

Statistical analysis was made with SAS 9.4 version 9.4. Student’s t test
and chi-square/Fisher exact test were applied to demographic and clinical
characteristics. A Mann—Whitney U test was used to compare mean values of
serum and salivary CA15-3 among controls and breast cancer patients. A
Kruskal-Wallis test was used to compare mean values of salivary CA15-3 and
serum CA15-3 among molecular subtypes and stages and, when p<0.05,
multiple comparisons were implemented using the Dwass, Steel, Critchlow-
Fligner (DSCF) method. Correlations of serum and salivary CA15-3 in controls
and breast cancer patients were assessed using the Pearson correlation

coefficient. Values of p<0.05 were considered statistically significant.
3 RESULTS

Table 1 summarizes the characteristics of the 28 control subjects and
26 breast cancer patients. The mean age of the controls was lower than of
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the breast cancer patients (37.64+/-13.57 years versus 48.23+/-11.51 years,
p=0.0033). There were more postmenopausal women among breast cancer
patients than in the controls (11 versus 4, p=0.0216). There was no significant
difference between the healthy controls and cancer patients regarding
tobacco use, medication use, and presence of systemic disorders (p=0.1842,
p=0.5541, and p=0.8473, respectively). Mean body mass index was

significantly higher in breast cancer patients than in controls (p=0.0184).

Among the 26 breast cancer patients, there were two stage | (7%), ten (39%)
stage lla, three (12%) stage llIb, four (15%) Illb, one (3%) stage llic and five
(23%) stage IV breast cancer cases. There were three (11.5%) luminal B-like
HER2 negative, seven (27%) luminal A-like, five (19%) HER2 positive
(nonluminal), four (15%) luminal B-like HER2 positive, and five (19%) triple
negative (TN) breast cancer cases. There was no information for TNM in one
patient and for the molecular profile in two patients. The complete information
of the subjects is listed in Supplementary Table 1.

Table 1. Demographic data based on participants records.

Groups

Characteristics® Healthy Control (n =28) Breast Cancer (n =26) p-value®

Age 37.64+13.57 48.23+11.51 0.0033

Body Mass Index 22.93+3.14 25.39£4.25 0.0184

Menopause status 0.0216
Premenopause 24 (85.71) 15 (57.69)
Menopause 4 (14.29) 11 (42.31)

Tobacco use 0.1842
No 27 (96.43) 19 (84.62)

Yes 1(3.57) 4 (15.38)

Use of medication 0.5541
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No 15 (53.57) 16 (61.54)

Yes 13 (46.43) 10 (38.46)

Systemic Disease 0.8473
No 19 (67.86) 17 (65.38)
Yes 9 (32.14) 9 (34.62)

* mean values tstandard deviation or frequence (%); # Student’s t test and Qui-square/Fisher
exact test

Serum (ECLIA) and salivary (CLIA and ELISA) values of CA15-3 for
each subject are listed in S2 Table. Mean serum CA15-3 in breast cancer
patients by ECLIA was 134 + 369.00 U/ml and 15.7 + 6.1 U/ml in healthy
controls. Mean salivary CA15-3 in breast cancer patients by CLIA was 4.7
5.70 U/ml and 6.5 = 7.1 U/ml in healthy controls. Mean salivary CA15-3
measured by ELISA was 1.78 £ 1.0 U/ml in breast cancer patients and 1.83 +
2.0 U/ml in healthy controls. Either the ECLIA assay was not able detect the
CA15-3 protein in saliva or the CA15-3 levels in saliva were below the ECLIA
assay limit of detection of 1.5 U/mL. The CLIA and ELISA limits of detection
were 1.0 U/mL and 1.25 U/mL, respectively, hence ECLIA was the least
sensitive among the tested assays. There was no significant difference
between serum CA15-3 levels in breast cancer patients versus healthy
women (p=0.0571), and there was no difference in salivary CA15-3
concentration between breast cancer cases and controls when measured by
CLIA (p=0.1861) and ELISA (p=0.5554).
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Table 2. Serum and salivary CA15-3 concentration for healthy controls and breast

cancer patients

CA15-3 Healthy Control” (n = 28) Breast Cancer’ (n =26) p-value®

ECLIA 15.73 +6.18 133.97 + 369.02 0.0571
Serum
(U/mL)

CLIA 6.51+7.18 4.73+5.74 0.1861
Salivary
(U/mL)

ELISA 1.83+2.09 1.77 £ 1.08 0.5554
Salivary
(U/mL)

* mean values CA15-3 xstandard deviation ; # Mann-Whitney test

The CA15-3 concentrations in saliva and serum according to breast
cancer molecular subtypes are listed in Table 3. The analysis was performed
in 24 patients with a known molecular profile. There was no difference in
mean concentration values for serum CA15-3 measured by ECLIA (p=0.20),
salivary CA15-3 measured by ELISA (p=0.70) and CLIA (p=0.78) according to
molecular subtype. ECLIA for serum CA15-3 revealed the highest values for
luminal A subtype, with 269.47+659.97 U/mL CA15-3 concentration. The
highest values for CA15-3 mean concentration in luminal B HER2+ subtype
were 2.58+1.83 U/mL with ELISA and 10.57+11.74 U/mL with CLIA.
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Table 3. CA15-3 mean concentration values + SD versus molecular subtypes

CA15-3 Luminal A" Luminal B Luminal B HER2 Triple p-

HER2 + HER2 -* positive” negative”  value®

ECLIA 269.47+659.97 141.60+£183.22 196.90+186.53 18.04+7.98 14.98+6.87 0.2040
Serum
(U/mL)

ELISA 1.71+1.11 2.58+1.83 1.61+0.33 1.97+1.27 1.28+0.26  0.7069
Salivary
(U/mL)

CLIA 4.13+5.25 10.57+11.74 3.43+3.03 2.72+1.14 5.65+5.44  0.7823
Salivary
(U/mL)

ECLIA: electrochemiluminescence assay, CLIA: chemiluminescence assay, ELISA: Enzyme-

linked immunosorbent assay * mean valueszt standard deviation # Kruskal-Wallis test

The CA15-3 mean concentrations in saliva and serum according to
TNM stages are listed in Table 4. The analysis was performed in 25 patients
with known TNM stage. There was no difference in salivary CA15-3 by ELISA
(p=0.44) and CLIA (p=0.40) among different breast cancer stages. Serum CA
15-3 levels were significantly different in at least two stages of breast cancer
(p=0.010). The DSCF multiple comparison test revealed differences in serum
CA 15-3 concentrations among stage IV and stage lla cases. The mean
serum CA15-3 value for stage IV cases (508.20+718.32 U/mL) was higher
than that for stage Ila (17.18+9.14 U/mL) (p=0.03). There were no significant
differences for the other comparisons of mean serum CA15-3 values between
stages. In all analyses in both serum and saliva, the TNM stage IV disease
cases showed the highest mean CA15-3 concentration: 508.20+718.32 U/mL
with ECLIA in serum, 2.73£1.82 U/mL with ELISA in saliva, and 7.78+9.70
U/mL with CLIA in saliva.

Among breast cancer cases, there was a significant positive correlation
of serum CA15-3 and salivary CA15-3 with ELISA (r=0.56; p=0.0047);
however no significant correlation of salivary CA15-3 and serum CA15-3 was

observed with CLIA (p=0.19) Among healthy controls, the correlations of
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salivary CA15-3 with serum CA15-3 with CLIA and ELISA were not significant
(p=0.77 and p=0.35 respectively). All correlations are shown in Fig 1.

Table 4. Mean CA 15-3 concentration values + SD versus Stage.

CA15-3 I Ia" I1b* lb* v p-

value

ECLIA% 16.50+11.31 17.18+9.14 15.00+5.43 97.13+100.13 508.20+718.32 0.0129
Serum
(U/mL)

ELISA 1.41+0.19 1.7740.98  1.46+0.22 1.28+0.13 2.73+1.82 0.4458
Salivary
(U/mL)

CLIA - 4.00+3.18 3.50+1.56 1.25+0.21 7.78+9.70 0.4035
Salivary
(U/mL)

ECLIA: electrochemiluminescence assay, CLIA: chemiluminescence assay, ELISA: Enzyme-

linked immunosorbent assay

* mean valueszstandard deviation, # Kruskal-Wallis test, & - multiple comparisons test of
Dwass, Steel, Critchlow-Fligner (DSCF). Comparison of stages lla and IV (p = 0.0338)
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Fig 1. Correlations Curve of Serum and Salivary CA15-3.

A: Correlation Curve of Serum CA15-3 and Salivary CA15-3 by ELISA in breast cancer
patients (r=0.56; p=0.0047). (r=correlation coefficient). B: Correlation Curve of Serum CA15-
3 and Salivary CA15-3 by CLIA in breast cancer patients (r= 0.36, p=0.19). C- Correlation
Curve of Serum CA15-3 and Salivary CA15-3 by ELISA in healthy controls (r=0.18 p=0.35),
D- Correlation Curve of Serum CA15-3 and Salivay CA15-3 by CLIA in healthy controls
(r=0.08 p=0.77). ELISA: Enzyme-linked immunosorbent assay, CLIA: chemiluminescence

assay

4 DISCUSSION

We analyzed serum and saliva samples of 28 healthy subjects and
26 breast cancer patients. Serum CA15-3 was detected by ECLIA and
salivary CA15-3 was detected by ECLIA, CLIA, and ELISA. Previous studies
have reported detection of CA15-3 with ELISA but not with ECLIA and CLIA
(19, 20, 22-24). We chose to evaluate detection of CA15-3 using CLIA and

ECLIA because these techniques are used routinely in clinical exams for
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evaluation of serum tumor markers and serology of viral infectious agents (28).
Recently, CLIA was used to evaluate proteins in liquor, demonstrating that the
method can be used to analyze different fluids, such as saliva (29). ECLIA
and CLIA do not require long incubations or the addition of stopping reagents,
so they have superior low-end sensitivity, and a faster protocol than
conventional colorimetric assays such as ELISA.

Several hypothetical mechanisms have been raised to explain the
presence of large molecules such as CA15-3 in saliva. The proposed
hypothesis is that active transport of proteins into saliva by the salivary
glandular epithelium could explain the presence of membrane-bound proteins
such as CA15-3. In the presence of breast cancer, there would be an
overabundance of various bioactive proteins associated with the rapid,
abnormal growth of the neoplasm, which in turn could produce a response in
the salivary glands (30). However, further studies are necessary in order to
better understand the regulatory mechanisms of elevated salivary CA15-3 in

breast cancer patients.

Luminal subtype breast cancer shows a higher expression of MUC1
genes and a positive relationship between MUC1 and estrogen receptor (ER)
gene expression has been reported (31). Park et al. reported higher values for
CA15-3 in luminal subtypes of tumor than in other subtypes (32). Our results
showed the highest values for serum and salivary CA15-3 for luminal

subtypes of breast cancer.

In many tumor types, MUC1 expression correlates with aggressive,
metastatic disease, poor response to therapy, and poor survival (33). MUC1
expression is seen in all subtypes of breast cancer, including luminal, HER2,
and basal, although in each of these cancer types, expression is highest in
tumors that have metastasized (34). The detection of CA15-3 in patient sera
is currently used as a marker of response to therapy and as a prognostic
indicator for survival (35). In fact, the serum antigen CA15-3 is one of the
most widely used serum antigens in cancer, with high CA15-3 levels
correlating with higher grade tumors, lymph node involvement, and presence

of distant metastases in breast cancer (33). Emens et al. showed that the
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concentration of serum CA 15-3 increases with increasing TNM stage, with
9% of stage I, 19% of stage Il, 38% of stage lll, and 75% of stage IV cases
showing abnormal serum CA15-3 concentrations (36). In our samples, stage
IV disease was related to the greatest mean values of CA15-3 in serum and

saliva when compared with the earlier stages of disease (I-Ill).

In the present study, a moderate association was found between
serum and salivary CA15-3 in breast cancer patients using ELISA (r=0.56;
p=0.0047). Agha-Hosseini et al. found that salivary and serum levels of CA15-
3 were significantly higher in cancer patients, with a significant positive
correlation between serum and saliva CA15-3 concentrations (37). Streckfus
et al. also reported a moderate correlation between salivary and serum CA15-
3 concentration with ELISA (20).

Currently, the main clinical applications of CA15-3 in breast cancer
are the preclinical detection of recurrent disease and monitoring treatment of
patients with advanced disease (12). However, serum CA15-3 is an invasive
exam requiring venipuncture in patients who usually have fragile veins due to
previous chemotherapy and excessive routine blood tests. Salivary methods
for protein detection would allow evaluation without pain and discomfort to the
patient and could therefore provide a more convenient alternative to CA15-3
serum assays (38). The possibility of biomarkers using cancer derived saliva
exosomes is attractive because of the stability of vesicles in blood and fluids
(39).

Overall, our results confirm that serum CA15-3 values are higher in
breast cancer patients, but this was not the case for salivary CA15-3. ECLIA
was not a good method to detect salivary CA15-3, although it is the golden
standard for detecting serum CA15-3. In breast cancer patients, we observed
a correlation between serum and salivary CA15-3 detected by ELISA. CA15-3
concentrations were highest in stage 1V and luminal breast cancer subtypes.
Further investigations are needed to confirm the capability of detection of
salivary CA15-3 and its correlation to serum CA15-3.
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Healthy Age Stage Body Systemic disease Use of medication Menopause Tobacco Molecular Serum Salivary Salivary CA

controls Mass use subtype CA15.3 CA15.3 CLIA 15.3 ELISA
Index u/mL U/mL U/mL
HC1 28 N/A 20.45 no Birth control pills, pantogar, no no N/A 20.9 1.51 1.35

pantoprazole

HC 2 24 N/A 21.97 no Birth control pills no no N/A 18.6 4.29 1.43
HC 3 21 N/A 24.98 no no no no N/A 17.9 4.69 1.77
HC 4 35 N/A 20.06 no no no no N/A 22.5 <1.0 1.16
HC5 29 N/A 20.32 no no no no N/A 14.0 4 2.30
HC 6 26 N/A 23.63 no Birth control pills no no N/A 8.6 <1.0 0.76
HC 7 26 N/A 18.55 no Birth control pills no no N/A 7.5 <1.0 0.84
HC 8 22 N/A 20.96 no no no no N/A 4.7 1.42 1.32
HC 9 25 N/A 19.42 no no no no N/A 14.7 <1.0 1.16
HC 10 44 N/A 25.89 no no no no N/A 23.8 <1.0 1.35
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HC 11

HC 12

HC 13

HC 14

HC 15

HC 16

HC 17

HC 18

HC 19

HC 20

HC 21

HC 22

HC 23

HC 24

HC 25

HC 26

31

50

31

47

22

39

31

46

39

37

38

73

55

39

37

74

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

22.76

22.1

19.38

24.24

24.98

28.55

22.04

22.4

25.2

22.1

28.7

17.58

23.23

25.3

30.5

20.8

no

no

hipothyroidism

hipothyroidism

no

no

no

no

diabetes

no

diabetes

depression

no

no

dislipidemia

hypertension,

dislipidemia,

hipothyroidism

no

omeprazole, zirvit, flebon

Levothyroxine

Levothyroxine

Birth control pills

no

no

no

insuline

no

glifage

mirtazapine, trazadone

no

no

sinvastatin

Losartan, Levothyroxine,

sinvastatin

no

yes

no

no

no

no

no

no

no

no

no

yes

yes

no

no

yes

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

16.5

115

14.2

16.2

20.3

4.5

23.4

14.5

14.9

14.7

19.5

27.0

22.8

7.3

7.5

21.6

<1.0

2.43

<1.0

<1.0

<1.0

2.05

5.52

<1.0

15.3

8.05

1.32

2.83

331

<1.0

13.4

275

1.38

1.19

0.97

1.22

0.95

1.43

2.02

1.41

3.47

1.35

1.24

1.51

1.32

1.35

2.36

12.14
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HC 27

HC 28

Breast Cancer

patients

BC1

BC2

BC3

BC 4

BC5

BC6

BC7

BC8

BC9

a4

41

Age

34

42

51

7

30

39

42

48

56

N/A

N/A

Stage

A

A

A

A

A

A

25.09

20.88

Body
Mass

Index

28.63

23.53

26.69

30.86

22.77

20.7

21.91

31.25

26.57

hypertension

no

Systemic disease

no

no

hypertension,

diabetes

hiperthyroidism

no

no

no

hypertension,

hipothyroidism

hypertension,

Birth control pills

no

Use of medication

no

no

Losartan, metformin,

Indapamide

Duspatalin, Sertraline,
clonazepam, atorvastatin,

Tapazole

no

no

no

losartan, Atenolol,

levothyroxine

valsartan, levothyroxine

no

no

Menopause

no

yes

yes

yes

no

no

no

no

yes

no

no

Tobacco

use

yes

no

no

no

no

no

yes

yes

no

N/A

N/A

Molecular

subtype

luminal A

luminal B
HER2+

TN

Luminal B
HER2-

TN

luminal A

luminal A

luminal A

HER2 +

19.9

10.8

Serum
CA15.3
U/mL

39.5

351.1

15.3

65.0

111

20.2

8,5

17.0

12.9

<1.0

<1.0

Salivary
CA15.3CLIA
U/mL

1.1

23.8

9.5

21

1.8

1.1

<1.0

<1.0

2.7

1.14

141

Salivary CA
15.3 ELISA
U/mL

1.14

5.14

0.95

1.24

1.46

1.38

1.27

1.35

1.27
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BC 10

BC 11

BC 12

BC 13

BC 14

BC 15

BC 16

BC 17

BC 18

BC 19

BC 20

BC 21

BC 22

68

42

37

56

54

35

53

47

71

55

51

37

51

1B

1]}

1B

A

1B

1]}

A

1B

21.61

22.41

33.2

20.89

18.73

19.11

28.98

23.73

29.07

23.2

24.2

25.5

20.8

hipothyroidism

hipothyroidism

no

no

no

no

no

hypertension

no

hypertension

hypertension

no

hypertension

no

levothyroxine

Hormone replacement

therapy

no

no

Amlodipine,

Hydroclorothiazide

no

Captopril

atenolol

no

Atenolol

no

yes

yes

no

yes

yes

no

yes

no

yes

no

yes

no

no

no

no

no

yes

no

no

no

no

no

no

no

no

no

TN

luminal A

luminal A

luminal B
HER2-

luminal B
HER2+

HER2 +

Luminal B
HER2-

HER2 +

luminal A

TN

luminal B
HER2+

24.5

210.0

16.1

19.0

16.2

N/A

N/A

9.1

328.8

18,3

1766.0

9.0

62.4

<1.0

1.1

<1.0

<1.0

<1.0

6.9

1.4

4.6

1.3

2.4

10.2

<1.0

<1.0

1.54

1.35

1.35

1.24

1.32

1.87

111

1.71

1.71

4.22

4.22

1.41

1.41
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BC 23 53 nc 329 no no yes no TN N/A <1.0 1.05

BC 24 39 A 28 no no no no luminal B 11.3 6.5 2.64
HER2+

BC 25 42 \% 25.1 no no no no HER2 + 30.1 1.5 1.32

BC: breast cancer patient, TN: triple negative, HC: healthy control
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Supplementary Table 2. Serum (ECLIA) and salivary (CLIA and ELISA) values of CA15-

3 for each subject.

Breast Serum Salivary  Salivay CA  Healthy Serum Salivay  Salivay CA
Cancer CA15.3 CA15.3 15.3 ELISA controls CA15.3 CA15.3 15.3 ELISA

patients U/mL CLIA U/mL U/mL CLIA

U/mL

u/mL U/mL

BC1 39.5 11 1.14 HC 1 20.9 1.51 1.35
BC 2 351.1 23.8 5.14 HC 2 18.6 4.29 1.43
BC 3 15.3 9.5 0.95 HC 3 17.9 4.69 1.77
BC 4 65.0 21 1.24 HC 4 22.5 <1.0 1.16
BC5 111 1.8 1.46 HC 5 14.0 4 2.30
BC6 20.2 11 1.38 HC 6 8.6 <1.0 0.76
BC7 8,5 <1.0 1.27 HC 7 7.5 <1.0 0.84
BC 8 17.0 <1.0 1.35 HC 8 4.7 142 1.32
BC9 12.9 2.7 1.27 HC 9 14.7 <1.0 1.16
BC 10 24.5 <1.0 154 HC 10 23.8 <1.0 1.35
BC 11 210.0 11 1.35 HC 11 16.5 <1.0 1.38
BC 12 16.1 <1.0 1.35 HC 12 115 2.43 1.19
BC 13 19.0 <1.0 1.24 HC 13 14.2 <1.0 0.97
BC 14 16.2 <1.0 1.32 HC 14 16.2 <1.0 1.22
BC 15 N/A 6.9 1.87 HC 15 20.3 <1.0 0.95
BC 16 N/A 14 111 HC 16 4.5 2.05 1.43
BC 17 9.1 4.6 1.71 HC 17 23.4 5.52 2.02
BC 18 328.8 1.3 171 HC 18 14.5 <1.0 1.41
BC 19 18.3 24 4.22 HC 19 14.9 15.3 3.47

BC 20 1766.0 10.2 4.22 HC 20 14.7 8.05 1.35
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BC 21

BC 22

BC 23

BC 24

BC 25

BC 26

9.0

62.4

N/A

11.3

30.1

19.8

<1.0

<1.0

<1.0

6.5

15

2.4

1.41

1.41

1.05

2.64

1.32

1.32

HC 21

HC 22

HC 23

HC 24

HC 25

HC 26

HC 27

HC 28

195

27.0

22.8

7.3

7.5

21.6

19.9

10.8

1.32

2.83

331

<1.0

134

27.5

<1.0

<1.0

1.24

151

1.32

1.35

2.36

12.14

1.14

141

BC: breast cancer, HC: healthy control, ECLIA: electrochemiluminescence assay, CLIA:

chemiluminescence assay, ELISA: Enzyme-linked immunosorbent assay
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ABSTRACT

This systematic review aimed to evaluate salivary metabolites and their
diagnostic value in cancer patients. Five electronic databases were searched.
The risk of bias in individual studies was evaluated using the revised Quality
Assessment of Diagnostic Accuracy Studies criteria. Among 1,151 identified
studies, 25 were included: 13 and 12 studies used targeted and untargeted
metabolomics approaches, respectively. Most studies included breast and oral
cancer patients. Overall, 140 significant salivary metabolites were described
among patients and healthy controls. The most frequently reported metabolites
were alanine, valine and leucine. Combined salivary proline, threonine, and
histidine showed better discriminatory performance for breast cancer, with
excellent diagnostic test accuracy (DTA) and sensitivity and good specificity.
Monoacylglycerol demonstrated the highest DTA for breast cancer
(0:0/14:0/0:0). Combined choline, betaine, pipecolinic acid, and L-carnitine
demonstrated excellent sensitivity and specificity for early oral cancer.
Research on metabolites in saliva may determine biomarkers for cancer

diagnosis.

Keywords: cancer, saliva, metabolites, mass-spectrometry, amino acids,

lipids.
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1 INTRODUCTION
In 2018, there were an estimated 18,078,957 new cases of cancer and
9,555,027 related deaths worldwide (1). Since delays in diagnosis may
increase the mortality due to disease, every effort should be made for an early
diagnosis. Biopsy with histopathological examination is the standard procedure
for confirming the diagnosis. Despite its efficacy, novel adjunctive screening

aids are needed to reduce the morbidity and mortality related to cancer.

Altered cell metabolism is the hallmark of cancer (2). Cancer cells use
similar metabolic networks to that of the normal tissues from which they
originate; the metabolism is altered to facilitate proliferation and survival in
adverse environments (3, 4). Depending on the objectives of the study,
metabolomics strategies may utilize two primary analysis approaches, namely,
‘untargeted-discovery-global” and  “targeted-validation-tandem.”  These
approaches should be performed consecutively to achieve accurate
identification and quantitation of the metabolites (5). Untargeted discovery
metabolomics is a hypothesis-generating technique and allows a full scanning
of the metabolome for discovery. Global metabolomics profiling, metabolomics
fingerprinting, or footprinting allows classification of phenotypes, determination
of pathways, qualitative identification, and relative quantification (6).

A cancer biomarker refers to a substance or process that is indicative of
the presence of cancer in the body; it may be a molecule released by the
malignancy itself, or a specific response of the body to the presence of cancer
(7). Endogenous metabolites, including nucleic acids, lipids, amino acids (AA),
peptides, vitamins, organic acids, thiols, and carbohydrates, represent a
valuable tool for the identification of biomarkers for various diseases, and for
monitoring disease progression (8). Human saliva provides insight into the
state of health. Most biomolecules present in blood or urine, including
deoxyribonucleic acids (DNA), ribonucleic acids (RNA), metabolites, and

microbiota may also be found in salivary secretions (9).

Previous reports have suggested that the levels of certain metabolites,
namely sialic acid (SA), taurine, proline, and valine are increased in the saliva

of patients with breast cancer (BC), and may serve as biomarkers (10). In head
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and neck cancer, the salivary metabolites choline, pipecolinic acid, L-
phenylalanine, and S-carboxymethyl-L-cysteine have demonstrated excellent
diagnostic test accuracy (DTA) (11).

Salivary metabolite profiling may represent a novel alternative or adjunct
to physical, radiological, and histopathological examinations for diagnosing
cancer and may provide biomarkers for diagnosing and monitoring disease
progression in these patients. Many studies on saliva metabolites in cancer
patients have been reported, but the diagnostic value of saliva metabolites is
still uncertain. Therefore, this review aimed to evaluate the salivary metabolites

and their diagnostic value in patients with cancer.

2 METHODS
This systematic review and meta-analysis adhered to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
Checklist (12) .

Protocol and registration

The protocol was submitted for registration to the international
prospective register of systematic reviews (PROSPERO) and is being
processed under number 146372.

Study design

This was a systematic review to evaluate the role of salivary metabolites

in diagnosing cancer.
Inclusion criteria

Studies that focused on the use of salivary metabolites for the diagnosis
of solid malignant neoplasms were included. Studies that used saliva as the
potential biological medium to diagnose and/or monitor adult patients with solid

cancer using non-cancer controls, were also considered.
Exclusion criteria

Studies that evaluated volatile metabolites, did not have a healthy
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control (HC) group, included tumors located in salivary glands, were not written
in English, did not evaluate or identify the salivary metabolites, were not
primary research articles, including reviews, letters, personal opinions, book
chapters, and conference abstracts, and those that did not have available full

texts, were excluded.
Information sources and search strategy

For the literature search, an individual strategy was developed for each
of the following databases: Lilacs, Livivo, PubMed, Scopus, and Web of
Science (Supplementary Table 1). A partial gray literature search was also
performed using Google Scholar and ProQuest, and references cited in eligible
articles were cross-checked. The searches were performed across all
databases on January 14, 2019, with no time restriction (Supplementary Table
1). Studies were collected using reference manager software (EndNote™
Online, Thomson Reuters, Philadelphia, PA, USA). Duplicate studies were
identified using the software, and any duplicates not identified by EndNote
were obtained using Rayyan QCRI, a free web and mobile app for systematic
reviews (Qatar Computing Research Institute, Doha, Qatar).

After identification of salivary metabolites from the selected articles, the
Human Metabolome Database (HMDB) was searched manually to obtain
metabolite identification and other related data; the names of the metabolites
catalogued in that database were used in the search review. In cases where
the metabolites lacked HMDB identification, additional searches were
performed in the following databases: Lipid Maps Lipidomics Gateway,
METLIN, KEGG, and PubChem; this was performed to identify any additional
classes of the identified salivary metabolites and related pathways. The

metabolites lacking compound identification were excluded from the analysis.
Study selection

Study selection was completed in two phases. In phase-1, two authors
(D.X.A. and E.N.S.G) independently screened the titles and abstracts identified
in all electronic databases, and selected articles that appeared to meet the

inclusion criteria based on their abstracts. In phase-2, full articles were
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evaluated to determine whether they fulfilled all and none of the inclusion and
exclusion criteria, respectively. D.X.A. and E.N.S.G participated independently
in phase 2. The reference lists of all included studies were critically assessed
by one reviewer (D.X.A) for any inadvertently omitted references.
Disagreements between the two authors were resolved by consensus. In cases
where a consensus was not achieved, a third author (A.C.A.) was involved to
obtain a final decision. Final selection was always based on the full text of the

publication.
Data collection process

One author (D.X.A) collected the required information from the selected
articles; a second author (E.N.S.G) cross-checked all data to verify the quality
of data extraction. Any disagreements in either phase were resolved by
discussion with a third author (A.C.A.). A fourth reviewer (H.C.) was involved as
required, to enable formulation of the final decision. The following information
was collected from all included studies: year of publication, author(s), country,
tumor location, sample size (cases of cancers and healthy controls), saliva
collection method, metabolic identification method, metabolomic strategies,
metabolites identified, p-values, and main conclusions. In cases where the
required data were not complete, attempts were made to contact the authors to

retrieve the missing information.
Risk of bias in individual studies

The methodology of the selected studies’ was evaluated independently
by two authors (D.X.A. and E.N.S.G) using the critical review checklist of the
revised Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) (13).
These authors scored each item with a low and high bias risk as “yes” and “no”
or “unclear,” respectively. Disagreements were resolved by a third reviewer
(A.C.A).

Additional analyses

DTA tables were constructed using the data extracted from each article,
and included all accuracy measurements, namely, sensitivity, specificity,

positive predictive value, negative predictive value, positive likelihood, negative
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likelihood, diagnostic odds ratio, and Youden’s Index. The cut-off values that
were used to interpret these data have been presented in Supplementary Table
2.

3 RESULTS

Study Selection

In phase 1 of this review, 1,243 studies were retrieved across the 5
electronic databases; among them, 1,151 articles remained after excluding the
duplicates. A total of 5 studies were included from gray literature. One
additional article was identified from the reference lists of the retained studies.
On comprehensive evaluation of the titles and abstracts, 40 studies were
included during phase 1 of the selection. In phase-2, the selection process led
to the exclusion of 15 studies (Supplementary Table 3); therefore, 25 articles
were retained for final analysis. The flow chart describing the process of
identification, inclusion, and exclusion of the studies has been presented in

Figure 1.
Study characteristics

The selected studies were published in the past 24 years (1994-2018),
and were conducted in different countries including China [18, 32-35, 37, 38],
Finland (25), India (14, 17, 22, 27, 28, 31), Italy (15, 19), Japan (16, 20, 21, 26,
29, 30), Mexico (36), and the USA (23, 24).

All of the studies evaluated salivary metabolites in adults; however, one
study had evaluated both, saliva and biopsy tissue (20), and one study had
included additional serum samples (31). The sample sizes ranged from 10 to
117, with similar numbers of controls. The vast majority of studies included
patients with breast (29, 30, 37, 38) and oral cancer (14, 15, 17, 20-23, 26-29,
31-35).
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Figure 1. Flow Diagram of Literature Search and Selection Criteria.
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The methods for collection of saliva included the draining method,
Salivette® and spit techniques. The salivary metabolites were evaluated using
Lowry’s method, capillary electrophoresis mass spectrometry (CE-MS),
diphenylamine method, enzyme-immunoassay (EIA), high performance liquid
chromatography (HPLC), histochemical method proposed by Yao,
radioimmunoassay (RIA), High Performance Liquid Chromatography-Mass
Spectrometry (HPLC/MS) analysis, nuclear magnetic resonance (NMR)
spectroscopy, and surface- enhanced Raman spectroscopy (87). The salivary
metabolite subclasses included alcohols, amines, carbohydrates, fatty acyls,
glycerophospholipids, and AA, among others. Except for the study by
Zermeno-Nava et al., which was a prospective cohort study (36), all others
were case control studies. A total of thirteen studies used an untargeted
approach for data analysis, whereas the remainder employed a targeted

approach.

In terms of the level of significance on statistical analysis, 3 studies
considered differences in salivary metabolites in patients with BC and HC to be
significant at p<0.001 (14, 28, 36); 1 study used a value of p<0.004 (15), while
another considered p<0.01 to be significant (22). Two studies did not provide p-
values, and the remaining 18 studies considered p<0.05 to be significant (16,
17, 19-21, 23-27, 29, 31-35, 37, 38]) A summary of the descriptive

characteristics of the studies have been presented in Tablel.



Table 1. Summary of descriptive characteristics of the included studies (n = 25)
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Author/Year/ Type of N of Metabolite Metabolomics Studied Main Results
Country Tumor cases/ Identification
Analysis Metabolites
N of HC Method
Achalli et al., Oral Cancer 30 (K) Diphenylamine Targeted Mean salivary sialic acid
2017, India (14) 30 (HC) Method level in subjects with OC

N-Acetylneuraminate (Sialic Acid)

Almadori etal., Oral Cancer, 50 (K) HPLC Targeted Glutathione and Uric Acid
2007, Italy (15) Pharyngeal 77 (HC)
cancer and
Laryngeal
cancer

was significantly increased
when compared to the HC.
Serum SA levels were

elevated in OC patients

Patients with oral or
pharyngeal cancer had
significantly higher salivary
glutathione than both HC
and patients with laryngeal
cancer. No difference for
uric acid in cancer groups
and HC.




Asai et
al., ,2018,
Japan (16)

Bahar et al.,
2007, Israel
(17)

Chen et al.,
2018, China
(18)

Pancreatic 39 (K)

Cancer 26 (HC)

Oral cancer 25 (K)
25 (HC)

20 EGC
patients,
84 AGC
patients
and 116
HC

Gastric

Cancer

CE/MS

EIA

HPLC-MS

Targeted

Targeted

Untargeted

Alanine, N1 —acetylspermidine, 2-
oxobutyrate,
and 2-hydroxybutyrate

Uric acid

Taurine, Glycine, Glutamine,
Ethanolamine, Histidine, Alanine,
Glutamic acid, Hydroxylysine, Proline,

Lysine

66

Spermine, N1 -
acetylspermidine, N1 -
acetylspermine,
and 2-aminobutanoate,

showed significant

differences between HC and

PC.

Salivary uric acid was
reduced in OC patients..All

salivary RNS analyzed

were significantly higher and

all salivary antioxidants
significantly reduced in OC

patients.

Ten amino acids were
identified as potential
biomarkers, and their
combination showed a
promising potential for
distinguishing EGC and
AGC from HC.




Cheng et al.,
2015, China
(38)

Garcia et al.,
2018, Italy (19)

Breast Cancer

Glioblastoma

27 (K)

28 (HC)

10 (K)
120 (HC)

UPLC-MS

NMR
Spectroscopy

Analysis

67

Untargeted Arginine, Ornithine, Citrulline, Alanine,  Concentrations of 15 SFAAs

Methionine, Glutamine, Aspartic acid, demonstrated significant

Phenylalanine, Tryptophan, Proline, differences between BC

Threonine, Serine, Histidine, Leucine, patients at stages I-1l and
Valine, Glutamic acid, Lysine HC. There were no

significant differences in
concentrations of SFAA
between BCs I-1l and BCs
[lI-1V. As single salivary
biomarker Pro proved the
highest accuracy in
predicting BC stage I-Il .The
diagnostic potential of 15
SAAFs as early diagnostic
biomarkers for BC were

verified.

Untargeted Leucine, Valine, Isoleucine, Propionate, Leucine, valine, isoleucine,
Alanine, Acetic acid, Ethanolamine and alanine, ethanolamine and
Sucrose sucrose were more
concentrated in HC,
whereas propionate and
acetate were more

concentrated in cancer




Ishikawa et al., Oral Cancer CE/TOFMS Untargeted

2016, Japan

Untargeted

Ishikawa et al., Oral cancer

Gly-Leu, N.N-Dimethylglycin,
Hexanoate, Octanoate, 4-
Methilbenzoate, 3PG, 3-
Phenylpropionate, Isopropanolamine,
SAM, 3- Phenyllactate, urea,
Pipecolate, 3-(4-Hydroxyphenyl)
propionate, Spermidine, butanoate,
Methionine, 2-Hydroxy-4
methylpentanoate, 2-
hydroxypentanoate, N-acetylornithine,
2-Aminobutyric acid , N8-
acetylspermidine, Guanosine, Valine,
Trimethylamine N-oxide, Trp, , 7-
Methylguanine, Gly-Gly, y-
Butyrobetaine, Ala-Ala, Hypoxanthine,
Ru5P, 1,3-Diaminopropane, Guanine,
B-Alanine, Taurine, Choline, 3-
Hydroxybutyrate, Cadaverine, O-
Phosphoserine, F6P, cis-Aconitate, N-

epsilon-Acetyllysine, Threonine

N,N-Dimethylglycine

68

patients.

The concentrations of lactic
acid, arginine, ornithine,
adenosylmethionine and S-
adenosylhomocystenine
were significantly elevated,
whereas glyceraldehyde 3-
phosphate (3PG) and
phosphoenolpyruvate (PEP)
were significantly decreased
in the OC group. No
significantly difference in
salivary metabolites in the
comparison of early and
advanced stages of cancer.
No histological type-specific
difference regarded the

metabolites profile.

51 metabolites differed




2017, Japan
(21)

44 (HC)

Trimethylamine N-oxide,
Isopropanolamine,
Guanosine, Cystine, Hypotaurine,
Ethanolamine
Phosphate, Inosine, 5-Aminolevulinate,
Gly-Leu, 3-Phenylpropionate, Cytosine,
Malate, N-Acetylneuraminate (silica
acid), Lysine, Ornithine, R5P,
Nicotinate, Hexanoate, 3-(4-
Hydroxyphenyl)
Propionate, 3-Phenyllactate, 2-Hydroxy-
4-methylpentanoate, Methionine,
Pipecolate, , SAM, 2-
Hydroxypentanoate, 2-Aminobutyric
acid, Valine, Trp, N8-Acetylspermidine,
N-Acetylornithine, y-Butyrobetaine,
Hypoxanthine, Ala—Ala, Gly-Gly, 7-
Methylguanine, Choline,, Ru5P, Citrate,
B-Ala, 3-Hydroxybutyrate, Cadaverine,
Taurine, 1,3-Diaminopropane, cis-
Aconitate, Carbamoylaspartate,
Guanine, O-Phosphoserine, Threonine,
Alanine, Leucine, Isoleucine, Glu,
DHAP, F6P, Adenosine, N-¢-

69

significantly in controls vs.
OC patients at the 12-h
fasting time point. Fifteen
and ten metabolites differed
significantly at the 1.5- and
3.5 hours time points,
respectively.. Six
metabolites were
consistently different from
HC: N ,N —dimethylglycine,
trimethylamine
N —oxide, isopropanolamine,
guanosine, lutamic and
hypotaurine. The 12 hours
fasting after dinner time
point is optimal for saliva

collection.




Jacob et al.,
2016, India (22)

Lohavanichbut
etal., 2018,
USA (23)

Oral Cancer

Oral Cancer

20 (K) 20
(HC)

101 (K)
35 (HC)

Histochemical
Method

of Yao

NMR and three
types of LC-MS

Targeted

Untargeted

Acetyllysine, Asp

Total N-Acetylneuraminate (Sialic Acid)

Glutamine, Glycine, Glucose, Proline,
Succinate, Isoleucine, Glutamic
acid, Lactic acid, Tyrosine, Valine,

Leucine, and Alanine

70

OC patients had very high
levels of salivary sialic acid
levels in comparison with
HC. Salivary SA levels were
higher in well-differentiated
squamous cell carcinoma
against moderately

differentiated tumors.

12 metabolites (glutamine,
glycine, glucose, proline,
succinate, isoleucine,
glutamic acid, lactate,
tyrosine, valine, leucine, and
alanine) were significantly
different as measured by the
targeted aqueous and NMR
platforms. Three metabolites
(proline,  glutamine, and
lactic acid) were consistently
different between OC and

HC across all three




Malone et al.,
1994, USA (24)

Mikkonen et al.,
2018, Finland
(25)

oral cancer, 51 (K) 27 RIA
Laryngeal (HC)
cancer.
Laryngeal 8 (K) NMR
cancer, Oral Spectroscopy
30 (HC)
cancer

Targeted

Untargeted

Leucotriene B4

Proline, 1,2-propanediol and Fucose

71

platforms.

LTB4 levels were
significantly increased in the
saliva of patients with
cancer compared with HC.
Comparisons
of PGE2 and 15-HETE
levels did not reveal
a significant difference
in patients with cancer.
Patients with advanced
stage tumors (Il or IV) had
increased levels of LTB4
compared with patients with

early stage tumors (I or II).

The median concentrations
of fucose and
1,2-propanediol were
significantly higher in the
cancer patients compared to

the HC. Instead, the proline




Ohshima et al.,
2017, Japan
(26)

Oral Cancer

22 (K)
21 (HC)

CE-MS Untargeted Choline, p-hydroxyphenylacetic acid, 2-
hydroxy-4 methylvaleric acid, valine, 3-
phenyllactic acid, leucine, hexanoic
acid, octanoic acid, terephthalic acid,
[gamma]-butyrobetaine, 3-(4-
hydroxyphenyl) propionic acid ,
isoleucine, tryptophan, 3-
phenylpropionic acid, 2-hydroxyvaleric
acid, butyric acid, cadaverine, 2-
oxoisovaleric acid, N6,N6,N6-
trimethyllysine, taurine, glycolic acid, 3-
hydroxybutyric acid, heptanoic acid,

alanine, and urea

72

was significantly lower in
cancer saliva samples
compared to HC. In respect
of other metabolites, no
statistically significant

differences were observed.

A total of 25 salivary
metabolites were identified
as potential markers that
could be used to
discriminate between
individuals with OC and HC.
Choline showed the greatest
statistically significant
difference between OC
patients and HC in the
present study. Urea was the
only metabolite that
exhibited a lower level in
patients with OC compared
with HC. The authors used
artificial neural networks to

confirm the metabolites




Reddy et al.,
2012, India (27)

Sanjay et al.,
2008, India (28)

Oral Cancer

Oral Cancer

16 (K)
8 (HC)

30 (K) 30
(HC)

HPLC Untargeted Aspartic acid, Glutamic acid, Serine,

Hisitidine, Glycine, Threonine, Alanine,

Arginine, Tyrosine, Valine, Methionine,
Phenylalanine, Isoleucine, Leucine,

Lysine

Total Protein, Total Sugar, Protein-
Bound Sialic Acid, and Free Sialic Acid

Method of Lowry Targeted

73

identifications

Salivary
levels of amino acids were
higher in both well and
moderated diferentiated
groups of OC patients
than the HC, except for
glutamic acid (0.168
pmol/mL), which was lower
in well differentiated OC
patients than in HC (0.222
pmol/mL).

The salivary free sialic acid
levels were found to be
significantly higher in well-
differentiated squamous
cell carcinoma than in
moderately differentiated
carcinoma. Protein-bound
sialic acid, total proteins,
and total sugars did not

show any statistical




Sugimoto et al., 69 Oral, 18 CE-TOF-MS Untargeted

2010, Japan
and 30 Breast

Takayama et  Breast Cancer UPLC-MS/MS

Cadaverine, Alpha-Aminobutyric acid,
Alanine, Putrescine,
Methylimidazoleacetic acid,
Trimethylamine, , Piperidine, Taurine,
Piperideine, Pipecolic acid, Pyrroline
hydroxycarboxylic acid, Betaine,
Leucine + Isoleucine, Phenylalanine,
Tyrosine, Histidine, Proline, Lysine,
Glycine, Ornithine, Pro-Gly-Pro or Pro-
Pro-Gly, , Burimamide, Ethanolamine,
Gamma-Aminobutyric acid, Aspartic
acid, Valine, Tryptophan, Beta-Alanine,
Citrulline, Glutamic acid, Threonine,
Serine, Glutamine, Hypoxanthine,
Choline, Carnitine,

Glycerophosphocholine,

Ornithine, Diaminopropane, Putrescine,

74

significance
between well and
moderately differentiated

carcinomas

28 metabolites discriminate
between OC and HC with p
<0.05. 28 metabolites for BC
and 48 for PC also
discriminate from HC with
p<0.05. Taurine, piperidine
were OC-specific markers
(p<0.05) and eight
metabolites (leucine-
isoleucine, tryptophan,
valine, glutamic acid,
phenylalanine, glutamine
and aspartic acid) were PC
specific markers. There
were no differences in
metabolites between BC and

other cancers.

The concentrations of 10




al., 2016,
Japan (30)

Vajaria et al.,
2013, India (31)

Wang et al.,
2014, China

Oral Cancer

Oral Cancer

61 (HC)

100 (K)
100 (HC)

30 (K) 30
(HC)

analysis

Method of Lowry

UPLC-MS in
Hydrophilic

Targeted

Targeted

Cadaverine ,

Spermidine, Spermine, N1-
acetylputrescine, N1-acetyl-spermidine,
N8-acetyl-spermidine,
N1-acetyl-spermine, N1N8-diacetyl-
spermidine, and N1N12-diacetyl-

spermine

Total protein, Total Sialic Acid

Choline, Betaine, Pipecolinic acid, L-

carnitine

75

from 12 polyamines studied
tended to be higher in the
BC patients than those of

the HC, with the exception of

ornithine and putrescine that

were highin HC. The

profile of the ratios of the
polyamines after operation

of the breast tumor returned
to the levels of the healthy

persons

TSA/TP
ratios in patients with OC
were

significantly higher than in
HC. Salivary SA was higher

in OC patients who either
had chewing or/and smoking

or/and snuffing or/and

alcohol drinking habits

Four potential salivary

biomarkers demonstrated




(34)

Wang et al.,
2014, China

(33)

Wang et al.,
2014, China
(32)

Interaction
Chromatography
Mode

Oral Cancer 30 (K) 60 UPLC-MS
(HC)

Oral Cancer 30 (K) 30 UPLC-MS
(HC)

Targeted L-phenylalanine and L-leucine

Untargeted Lactic acid, Hydroxyphenyllactic acid,
N-nonanoylglycine, 5-
hydroxymethyluracil, Succinic acid,
Ornithine, Hexanoylcarnitine,
Propionylcholine, Carnitine, 4-hydroxy-
L-glutamic acid, Acetylphenylalanine,
Sphinganine, Phytosphingosine, S-

carboxymethyl-L-cysteine

76

significant differences in
concentrations
between patients at stages
I-1l and the HC.

L-phenylalanine and L-
leucine demonstrated
significant differences in
concentrations between OC
patients and HC. Compared
to the HC, their contents
were lower in the OC

patients

A total of fourteen potential
biomarkers have a close
relationship with early stage
of OC. Eight potential
biomarkers
were up-regulated in saliva
of OC patients and six
potential
biomarkers were down-

regulated.
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Wei etal., Oral Cancer 37 (K) UPLC-QTOFMS Untargeted c-aminobutyric acid, Phenylalanine, The salivary levels of GABA,
2011, China 34 (HC) Valine, n-eicosanoic acid, Lactic acid, phenylalanine and valine
(35) Alanine, Isoleucine, Leucine, n- were significantly lower,

Tetradecanoic acid, Proline, while n-eicosanoic acid and

Phenylalanine, Threonine, n- lactic acid were significantly

dodecanoic acid, 3-indolepropionic acid, higher, in the OC group vs
homocysteine, 4-methoxyphenylacetic HC.The most significant
acid discriminant salivary
metabolites were gama-
aminobutyric acid,
Phenylalanine, Valine, n-
eicosanoic acid and lactic
acid. Valine, lactic acid and
phenylalanine were also
discriminated serum
metabolites in OC vs HC.
There was no impact of age
and gender on the identified

metabolites in OC patients.

Zermeno-Nava Ovarian 15 (K) 37 SERS Targeted Sialic Acid The authors concluded that
etal., Cancer (HC) if the patient presents an
2018 ,Mexico adnexal masses and higher

salivary SA concentration




(36)
Zhong et al.,
2016, China Breast Cancer 30 (K)
(37)
25 (HC)

Glycerol phospholipid compounds
(LysoPC (18:2), LysoPC (18:1), PS
(14:1/16:1), LysoPC (16:0), LysoPC
(22:6), LysoPE (18:2/0:0), PC
(18:1/16:0), PE (22:0/20:4)), and the
others are fatty amide (palmitic amide),

HPLC/MS; Untargeted

UPLC-MS

sphingolipid
(phytosphingosine), amino acids and its
derivatives (phenylalanine, citrulline,
histidine,
acetylphenylalanine), choline
(propionylcholine), glyceroglycolipid
(MG (0:0/14:0/0:0)), saccharic acid
derivative (N-Acetylneuraminic acid),
and denzene pyruvic acid derivatives
(4-Hydroxyphenylpyruvic
acid).

78

levels before surgery, there
is a high probability of
ovarian cancer.

Three up-regulated
metabolites LysoPC (18:1),
LysoPC (22:6) and MG
(0:0/14:0/0:0) displayed the
area under the curve values
of 0.920, 0.920 and 0.929,
respectively, indicating the
high accuracy of this method
to predict BC.
Phenylalanine, citrulline and
histidine were confirmed

using standard samples.

N: number; K: cases of cancer; HC: controls; OC: oral cancer; HP/LC: High Performance Liquid Chromatography, CE/MS: Capillary
Electrophoresis-Mass Spectrometry; PC: pancreatic cancer; NMR: Nuclear Magnetic Ressonance; EIA: Enzyme- immunoassay EIA. RNS: reactive nitrogen
species; EGC: early gastric cancer; AGC: advanced gastric cancer; HPLC-MS: High Performance Liquid Chromatography-Mass Spectrometry; SFAA:
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Salivary free amino acids; BC: breast cancer; UPLC-MS: Ultra-Performance Liquid Chromatography—Mass Spectrometry; CE/TOFMS: Capillary
Electrophoresis Time-of-Flight Mass Spectrometry; 3PG: glyceraldehyde 3-phosphate; Trp: Tryptophan; Ru5P: ribulose 5-phosphate; F6P: fructose 6-
phosphate; 5RP:ribose 5-phosphate; SAM: S-adenosylmethionine; 3-Ala: B-Alanine; Glu: glutamic acid; DHAP: dihydroxyacetone phosphate; Asp: aspartic
acid; LC-MS: LC-MS Liquid Chromatography Mass Spectrometry.; RIA: Radioimmunoassay; LTB4: Leukotriene B4; PGE2: prostaglandin E2; HETE:
hydroxyeicosatetranoic acids; HNC: head and neck cancer; MS: mass spectrometry; SPM: spermine, CAD: cadaverine, Ac-SPM: N1-acetyl-spermine; N1-Ac-
SPD: N1-acetyl-spermidine; N8-Ac-SPD: N8-acetyl-spermidine; TSA: total silica acid; TP: total protein; UPLC-QTOFMS :Ultra-Performance Liquid
Chromatography—Mass Spectrometry coupled with Quadrupole/Time-of-Flight Mass Spectrometry; SERS: Surface-Enhanced Raman Spectroscopy; SA:

sialic acid
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Synthesis of results

The 25 included studies analyzed 140 salivary metabolites that
demonstrated significant statistical differences between cancer patients and
HC. Among other classes of metabolites, 46, 13, 9, 9, and 9 were AA, fatty
acyls, glycerophospholipids, amines, and carbohydrates, respectively. The
frequencies of the metabolite super-classes reported in the studies are shown
in Figure 2A. Supplementary Table 4 shows the prevalence of the super- and
sub-classes of the reported metabolites. The most frequently reported
metabolites were alanine, valine, leucine, and threonine, proline, glutamic acid
and phenylalanine in 11, 9, 8, and 6 studies, respectively. The most common
carbohydrate in 7 studies was N-acetylneuraminate (SA), and the most
common fatty acids in 3 studies were hexanoic acid and 2-hydroxypentanoate.
The frequencies of the most commonly reported AA in the review are shown in

figure 2B.

The metabolites were related with diverse pathways; among others, the
most common were the arginine and proline, cysteine and methionine, glycine
and serine, glycerophospholipid, and purine metabolic pathways. A related
pathway was not found in any database or literature for 15 of 140 metabolites,
while 3 were related to pathways not previously described in humans. The
complete data and classification of all reported metabolites have been

presented in Supplementary Table 5.
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Figure 2. A. Frequency of metabolites super-classes B. Frequency of most reported amino
acids in the review

Risk of bias across studies

The study methods were homogeneous; however, certain discrepancies
were noted in methodological quality (case control design, lack of blinding, and
unclear timing sequence of standard and index text), and none fulfilled all of the
QUADAS-2 criteria. Based on the QUADAS-2 criteria, patient selection was
scored at high risk of bias for all studies except that by Zermeno-Nava et al.
(36), as the case-control design was not avoided. Additionally, for all studies,
the risk of bias introduced by index test interpretation or the use of the
QUADAS-2 criteria was scored as “unclear”; this was performed as information
regarding blinding was lacking. Certain studies did not mention the use of the
biopsy as the standard reference method for diagnosing cancer (17, 23, 26, 29,
30); the reference standard (biopsy) in these cases was not interpreted without
knowledge of the results of the index text. Therefore, the reference standard
and its conduct or interpretation were considered to be at high risk of

introducing bias. In terms of the concerns regarding applicability, there was a
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low risk of concern with respect to patient selection and reference standards
and unclear concern with regard to index text. In general, based on the
QUADAS-2 criteria, the selected studies were considered to have a high risk of
bias, with low concerns regarding applicability . The complete list of analyzed
items has been presented in Figures 3A and 3B. Supplementary Table 9 lists

all the questions and responses to the QUADAS-2.

QUADAS-2 Domain

A B

Low OHigh DUnclear
Flow and Timing B BHigh @

Reference Standard

Index Test

Patient Selection

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Proportion of studies with low, high, or unclear

Proportion of studies with low, high or unclear
CONCERNS regarding APPLICABILITY

RISK of BIAS

Figure 3. QUADAS-2- Quality assessment. A- Proportion of studies with low, high or
unclear Risk of Bias in the domains of flow and timing, reference standard, index test and patient
selection. B- Proportion of studies with low, high or unclear concerns regarding applicability in reference

standard, index test and patient selection.

4 DISCUSSION

This comprehensive review on salivary metabolites and their accuracy
in diagnosing cancer included 25 selected studies. Compared to HC, patients
with oral, breast, laryngeal, pancreatic, ovarian, and gastric cancers and
glioblastoma multiforme were found to demonstrate 140 statistically significant

metabolites of different classes.

In this review, almost 50% of studies from 1994 to 2018 used a targeted
approach and the remainder, conducted between 2010 and 2018, used an

untargeted metabolomics approach. Only one study with an untargeted
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approach confirmed all identified metabolites using a targeted approach. This
is a current limitation, since untargeted metabolomics requires analysis of
large volumes of data, and at present, only a fraction of the identified
metabolites may be identified by their biochemical name. It is essential that
this limitation is recognized, as targeted analysis should be used to validate
and confirm the untargeted profile (39).

In general, NMR spectroscopy and MS (particularly LC/MS) are the two
major methods used for analysis in metabolomics. The included studies that
used a targeted approach were older than those that used an untargeted
approach; they employed methods other than NMR spectroscopy and MS,
such as the diphenylamine method (14), EIA (17), histochemical method
proposed by Yao (22), RIA (24), Lowry’s method [28, 31], and SERS (36).
Untargeted metabolomic datasets are exceedingly complex, with file sizes of
gigabytes per sample for certain new high-resolution MS instruments (6).

The process of oncogenesis is dependent on AA, the building blocks for
protein synthesis, and a source of energy and metabolites (40). The essential
AA may either be used for protein synthesis or be oxidized for the energy
needs of tumors. In this review, 47 described metabolites were AA. All the
branched-chain (essential) AA such as phenylalanine, valine, threonine,
methionine, leucine, isoleucine, lysine, tryptophan and histidine were among
those described in this review. The increased concentrations of various AA
seen in the tumor cells may be attributed to the regulated protein synthesis in
tumors; this is related to their greater need for protein synthesis owing to rapid
cell proliferation. Increased activity of various AA transport systems may
enhance protein synthesis in tumors. Furthermore, accessory pathways of
protein synthesis may be activated to meet the demands of rapid cell

proliferation in tumors.

Leucine, isoleucine, and valine are crucial nutrition signals that mediate
important effects on protein synthesis, glucose homeostasis, and nutrient-
sensitive signaling pathways. The role of valine has been reported in 9 studies
that included breast cancer, glioblastoma, oral cancer, and pancreatic cancer;
is related to the pathways of valine, leucine, and isoleucine degradation and
propanoate metabolism. Valine demonstrated a sensitivity of 82% and
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specificity of 75% for oral cancer. Leucine was reported to be a marker in 8
studies that evaluated breast cancer, glioblastoma, and oral cancer and has
been found to be related to the pathways of valine, leucine, and isoleucine
degradation. Leucine has a sensitivity of 76% and 100% and specificity of 75%

and 71% for early and advanced breast cancer, respectively.

Alanine, synthesized by alanine aminotransferases using carbon from
pyruvate and nitrogen from glutamate, is related to carbon metabolism.
Biosynthesis of alanine has been shown to correlate with proliferation,
suggesting that it may play a role in proliferative cell metabolism (41). Alanine
has been described to be an important survival signal in pancreatic cancer,
where stromal cells promote the proliferation and survival of pancreatic cancer
cells by secreting alanine, that may be utilized in the tricarboxylic acid cycle of
cancer cells (42). Alanine is related to the pathways of alanine, aspartate, and
glutamate metabolism. Alanine was reported to be a marker in 11 studies that
included breast cancer, gastric cancer, glioblastoma, oral cancer, and

pancreatic cancer.

The tumor-promoting effects of enhanced fatty acid synthesis were first
appreciated in the 1990s when fatty acid synthase expression was identified as
a prognostic marker of aggressive breast cancers. In addition to synthesis, lipid
breakdown also appears to be a common feature during cancer development
(43). Actively proliferating tissues require fatty acids for the synthesis of
structural lipids. Therefore, the induction of lipid synthesis is extremely likely to
be closely related to cell growth, which is a prerequisite for cell division. In this
review, the lipids MG (0:0/14:0/0:0), lysoPC (18:2), lysoPC (18:1), and lysoPC
(22:6) had the highest sensitivity and specificity values for diagnosis of BC.

The elevation of phosphocholine and total choline is one of the most
widely established characteristics of cancer cells. PC is both, a precursor and a
breakdown product of phosphatidylcholine, the most abundant phospholipid in
biological membranes (44). Choline, an organic nitrogen compound, is related
to the metabolism of betaine and methionine, and to phospholipid biosynthesis.

Choline was evaluated in 6 studies including breast, oral, and pancreatic
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cancers; it demonstrated better DTA for advanced stages of oral cancer
compared to early stages (109.33 vs. 47.25, respectively).

Among the 140 statistically significant salivary metabolites, 9 were
amines. Polyamines are synthesized from arginine and s-adenosylmethionine
via conversion of arginine to ornithine by arginase, and ornithine
decarboxylation to putrescine, a polyamine precursor containing two amine
groups, by ornithine decarboxylase (45). Polyamines have been associated
with rapid tumor growth owing to their biosynthesis and accumulation in these
cases, and their involvement in diverse functions related to cell growth and
differentiation, such as DNA synthesis and stability, regulation of transcription,
ion channel regulation, and protein phosphorylation. Cadaverine has been
identified in 5 studies on oral, breast, and pancreatic cancers. Takayama et al.
(30) found cadaverine to have a sensitivity of 67% and specificity of 73% for

diagnosing breast cancer.

SA is one of the key monosaccharide building blocks that compose cell
surface glycans on mammalian cells (36). These residues are strategically
positioned at the tip of glycans, placing them at the forefront of many critical
cellular processes involving cell-cell contact (46). Changes in glycosylation,
and upregulation and alteration of terminal SA structures are classic hallmarks
of malignant transformation(46). The role of SA was evaluated in 7 studies that
evaluated breast, oral, and ovarian cancers. Its sensitivity and specificity for

diagnosing ovarian cancer was 80% and 100%, respectively (36).

Why salivary metabolites reflect serum metabolism remains a major
guestion. In the case of oral cancers, the plausible explanation may be that
systemic biological fluids including blood and lymph circulate around these
tumors; the blood containing the metabolites travels through the salivary gland,
releasing the metabolites into the saliva. Oral cancers are in direct contact with
the saliva; owing to local tissue destruction, glycoproteins, which are an integral
part of tumor cells, are released into the saliva. These are hydrolyzed by
peptidases and proteases present in the saliva, leading to an AA pool that
facilitates further identification of salivary metabolites. (29). Another hypothesis

suggests that systemic diseases alter salivary biomarker profiles by liberation
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of tumor growth factors. Gao et al. used mouse models of cancer to determine
whether salivary biomarker profiles are affected by distal tumor development,
and suggested that the distant tumors produce growth factors, which may alter
the transcriptome of the salivary glands, and consequently, the saliva. An
additional hypothesis suggests the existence of systemic networks in the
human body, that allow communication between distal diseases and the
salivary glands. Signals transmitted through such networks may induce related
signaling pathways that result in altered gene expression, and protein
translation and metabolism, thereby producing disease-induced salivary
biomarker profiles (47).

Intra-tumoral heterogeneity may challenge the use of a single
classification model of salivary metabolites for diagnosing cancer. The
heterogeneous nature of oral cancers, including oral squamous cell carcinoma,
and oropharyngeal and lingual cancers may produce various metabolite
profiles. The diverse molecular profiles of breast cancer may result in similar
outcomes, as they comprise structurally distinct types based on the expression
of hormone receptors such as estrogen and progesterone; they are also
affected by clinical parameters, such as the patient’s age or menopausal status
(29).

In summary, compared with HC, 140 significantly different salivary
metabolites were identified in the diagnosis of oral, breast, laryngeal,
pancreatic, ovarian, and gastric cancer, and glioblastoma multiforme; the
majority were AA. Detection of disease in the early stages is essential for the
successful treatment for most cancers. Furthermore, the rapid identification of
suspicious lesions may also reduce hospital burdens. In this context, salivary
metabolites could facilitate a rapid, easily accessible, and non-invasive means
of obtaining a clinical diagnosis; it may also be helpful during follow-up. In the
long term, this will facilitate the diagnosis of a larger number of cancers in the
early stages of their development or relapse, and will serve to reduce the

related mortality.
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Limitations

Except for the study by Zermeno-Nava (36) et al., all others had a case
control design, that demonstrated limitations in methodological quality (case
control design, lack of blinding, and unclear timing sequence of standard and
index text). Only one of the studies fulfilled all QUADAS-2 methodological
quality criteria. Approximately half of the included studies did not report values
of DTA. Among the studies on breast cancer, the metabolites were only
identified among Asian populations in 3 studies. In the study by Sugimoto et al.,
the ethnicity of the patients were not specified; therefore, these metabolites
may not be generalized to all populations with BC. The size of the samples
included in the studies was also a matter of concern. Among 13 studies that
used a targeted approach, only 4 included at least 50 patients to confirm the
hypothesis. Among the 12 studies that used an untargeted approach for
hypothesis generation, only 4 included at least 50 patients. Only one study
confirmed all the results of the untargeted approach; this demonstrates that

metabolomics is an area with its own particularities, which include costs.
Conclusion

This review evaluated studies that utilized targeted and untargeted
metabolomics approaches to identify the value of salivary metabolites in
diagnosing cancer. Among 140 salivary metabolites that demonstrated
statistically significant differences between cancer patients and healthy
controls, 46 were AA. Proline, threonine, and histidine in combination
demonstrated excellent sensitivity and specificity for diagnosing breast cancer,
and choline, betaine, pipecolinic acid, and L-carnitine in combination
demonstrated excellent sensitivity and specificity in the diagnosis of early oral
cancers. The highest DTA for diagnosing breast cancer was for MG
(0:0/14:0/0:0). Further studies are needed to compare the metabolite profiles
obtained concurrently from saliva, blood, and cancer tissues; these will provide
rational evidence for links among systemic metabolites. This review highlights
the current evidence on salivary metabolites that may be used to diagnose
cancer. Further studies including larger sample sizes with confirmation of the

results of untargeted analysis, are warranted.
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Supplementary Table 1. Search strategy and date that was performed in the chosen

Databases. 94
Database Search

(January 14, 2019)
PubMed #4 #1 AND #2 AND #3

Scopus

Web

Science

LILACS

of

#3 "metabolomics” OR "metabolomics biomarkers" OR metabolite OR
"Metabolomics"[Mesh] OR "Tumor Metabolite Markers" OR "Tumor
Metabolite Marker" OR "Neoplasm Metabolite Markers" OR "Neoplasm
Metabolite Marker"

#2 "saliva"[MeSH Terms] OR saliva OR salivas

#1 "neoplasms"[MeSH Terms] OR neoplasms OR cancer OR
Neoplasia OR Neoplasias OR Neoplasm OR Tumors OR Tumor OR

Cancers OR "Malignant Neoplasms" OR "Malignant Neoplasm"

TITLE-ABS-KEY(neoplasms OR cancer OR Neoplasia OR Neoplasias
OR Neoplasm OR Tumors OR Tumor OR Cancers OR "Malignant
Neoplasms" OR "Malignant Neoplasm") AND TITLE-ABS-KEY (saliva
OR salivas) AND TITLE-ABS-KEY ("metabolomics" OR "metabolomics
biomarkers" OR metabolite OR "Tumor Metabolite Markers" OR "Tumor
Metabolite Marker" OR "Neoplasm Metabolite Markers" OR "Neoplasm
Metabolite Marker")

#4 #1 AND #2 AND #3

#3 TS=("metabolomics" OR "metabolomics biomarkers" OR metabolite
OR "Tumor Metabolite Markers" OR "Tumor Metabolite Marker" OR

"Neoplasm Metabolite Markers" OR "Neoplasm Metabolite Marker")
#2 TS=(saliva OR salivas)

#1 TS=(neoplasms OR cancer OR Neoplasia OR Neoplasias OR
Neoplasm OR Tumors OR Tumor OR Cancers OR "Malignant

Neoplasms" OR "Malignant Neoplasm")

(tw:(Neoplasms OR Neoplasias OR Tumor OR cancer OR céancer OR
cancer)) AND (tw:(savila OR salivas)) AND (tw:(metabolomics OR
Metabolémica OR Metabolomica OR "Neoplasm Metabolite Marker"
OR "Tumor Metabolite Markers"))
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LIVIVO

Google

Scholar

ProQuest

TI=((neoplasms OR cancer OR Neoplasia OR Neoplasias OR
Neoplasm OR Tumors OR Tumor OR Cancers OR "Malignant
Neoplasms" OR "Malignant Neoplasm™)) AND Tl=((saliva OR salivas))
AND TI=(("metabolomics" OR "metabolomics biomarkers" OR
metabolite OR "Tumor Metabolite Markers" OR "Tumor Metabolite
Marker" OR "Neoplasm Metabolite Markers" OR "Neoplasm Metabolite
Marker™)

*Without MEDLINE

**Doc. Type: Atrticle

allintitle: saliva metabolomics

TI,AB(neoplasms OR cancer OR Neoplasia OR Neoplasias OR
Neoplasm OR Tumors OR Tumor OR Cancers OR "Malignant
Neoplasms" OR "Malignant Neoplasm") AND TI,AB(saliva OR salivas)
AND TI,AB("metabolomics"” OR "metabolomics biomarkers" OR
metabolite OR "Tumor Metabolite Markers" OR "Tumor Metabolite
Marker" OR "Neoplasm Metabolite Markers" OR "Neoplasm Metabolite
Marker")
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Supplementary Table 2. Test indicators extracted from De Luca Canto et al(1).

Test Data analysis References
indicators
DOR The value of a DOR ranges from 0 to Glasetal(2)

infinity, with higher values indicating better
discriminatory test performance. A value of
1 means that a test does not discriminate
between patients with the disorder and
those without it. Values lower than 1 point to
improper test interpretation (more negative

tests among the diseased).

LR LR+>3 and an LR-<0.3 - acceptable Brockmann etal (3)

diagnostic test accuracy (DTA)
LR+>10 and LR-<0.1 — excellent DTA.

Sensitivity  >80% excellent, 70-80% good, 60-69% fair, No consensus in this
<60% poor regard exists in the

literature.

Specificity >90% excellent, 80-90% good, 70-79% fair, No consensus in this
<70% poor regard exists in the

literature.

Youden’s Youden’s Index values close to 1 indicate Macaskill et al (4)
Index high accuracy; a value of zero is equivalent
to uninformed guessing and indicates that a

test has no diagnostic value.

DOR: diagnostic odds ratio; LR: likelihood ratio; DTA: diagnostic test accuracy
References
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Author, Year

Reason for

exclusion

Cavaco et al., 2018(1)
DeFelice et al., 2019(2)
Grimaldi et al., 2015(3)
He et al., 2012(4)

Hsiao et al., 2017(5)
Jinno, et al.,2015(6)

Koc et al., 1996(7)

Li et al., 2012(8)

Rekha et al.,2016(9)
Shigeyama et al., 2018(10)
Sugimoto, et al.,2011(11)
Tankiewcz et al., 2016(12)
Tran et al., 2015(13)

Yan, et al., 2008(14)

Yuvaraj et al., 2014(15)

1-studies with volatile metabolites;
2-studies that did not have healthy control group;

3-studies that included tumors located in salivary glands;

4-studies not written in English,

5- studies that did not evaluate or made an identification of the salivary metabolites;

6-studies that were not primary research articles, including reviews, letters, personal opinions,

book chapters, and conference abstracts;
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7- full text were not available
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number
HMDB ) Tumor super class subclasse
Metabolites of ) Pathway related pathway Ref Ref.
ID ) Primary (HMDB) (HMDB)
studies
head and Organic
HMDBOO 1,2-propane 1 neck oxygen Alcohols and Pyruvate https://lwww.genome.jp/kegg/pathway/map/hsa00620.h 25)
01881 diol cancer, compound polyols Metabolism tml
oral cancer ]
) Glyoxylate and
Organic Alpha hydroxy )
HMDBO00 ] ) ) ) dicarboxylate ] )
glycolic acid 1 oral cancer  acids and acids and ) https://www.genome.jp/dbget-bin/www_bget?C00160 (26)
00115 metabolism;Car
derivatives derivatives )
bon metabolism
breast
cancer, Organohet
HMDBO00 o oral erocyclic Protein digestion ] ]
Piperidine 1 ) https://www.genome.jp/dbget-bin/www_bget?C01746 (29)
34301 cancer, compound and absorption
pancreatic s
cancer
1 : Lo N/F . . (30)
HMDBO0O0 N1N12- breast Organic Carboximidic https://www.genome.jp/dbget-
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02172 diacetyl- cancer acids and acids binfwww_bget?cpd:C03413
spermine derivatives
N1N8- Organic ) )
HMDBO00 ] breast ) Carboxylic acid
diacetyl- 1 acids and O N/F (30)
41947 o cancer o derivatives
spermidine derivatives
Organic
HMDBO00 ) ) nitrogen ) Sphingolipid http://lwww.genome.jp/kegg/pathway/map/hsa00500.ht
Sphinganine 1 oral cancer Amines ) (32)
00269 compound Metabolism ml
s
breast
cancer, Organic
HMDBOO  Trimethylami 1 oral nitrogen Ami Carbon https://www.genome.jp/kegg/pathway/map/hsa01200.h 29)
mines
00906 ne cancer, compound metabolism tml
pancreatic s
cancer
Organic Beta Oxidation
HMDBO0O0 » nitrogen Quaternary of Very Long https://www.genome.jp/kegg/pathway/map/hsa01040.h
L-carnitine 1 oral cancer ) ) (34)
00062 compound  ammonium salts Chain Fatty tml
S Acids
- Organic Amino acids, o )
HMDBO0O0 o ) ] Arginine https://www.genome.jp/kegg/pathway/map/hsa00220.h
Acetylornithi 1 oral cancer  acids and peptides, and ) ]
03357 o biosynthesis
ne derivatives

analogues

tml

(21)
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HMDBO00
01325

HMDBOO
02273

HMDBO0O
01149

HMDBO0O0
00056

HMDBO0O0
00828

HMDBO0O0
00192

N6,N6,N6-
trimethyllysin

e

4-hydroxy-L-
glutamic
acid

5_
Aminolevulin

ate

Beta-Alanine

Carbamoyla

spartate

Cystine

oral cancer

oral cancer

oral cancer

breast
cancer,
oral
cancer,
pancreatic

cancer

oral cancer

oral cancer

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Amino acids,
peptides, and

analogues

Amino acids,
peptides, and

analogues

Amino acids,
peptides, and

analogues

Amino acids,
peptides, and
analogues

Amino acids,
peptides, and
analogues

Amino acids,
peptides, and

analogues

Lysine
degradation

Arginine and
Proline
Metabolism

Glycine and
Serine
Metabolism

beta-Alanine

metabolism

Alanine,
aspartate and
glutamate

metabolism

Cysteine and
methionine

metabolism

https://www.genome.jp/dbget-bin/www_bget?C03793

https://lwww.genome.jp/kegg/pathway/map/hsa00330.h
tml

https://www.genome.jp/dbget-bin/www_bget?C00430

https://www.genome.jp/dbget-bin/www_bget?C00099

https://www.genome.jp/dbget-bin/www_bget?C00438

https://www.genome.jp/dbget-bin/www_bget?C00491

(26)

(32)

(21)

(29)

(21)

(21)
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HMDBO00
00125

HMDBO0O
00742

HMDBO0O
00450

HMDBO0O0
28932

HMDBO0O0
03357

HMDBO0O0

Glutathione

homocystein
e

hydroxylisine

leucine +

isoleucine

N-
Acetylornithi

ne

N-

nonanoylgly

Oral
cancer
pharyngeal
cancer.
Laryngeal

cancer

oral cancer

gastric

cancer

breast
cancer,
oral
cancer,
pancreatic

cancer

oral cancer

oral cancer

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic

acids and

Amino acids,
peptides, and

analogues

Amino acids,
peptides, and

analogues

Amino acids,
peptides, and

analogues

Amino acids,
peptides, and
analogues

Amino acids,
peptides, and

analogues

Amino acids,

peptides, and

Cysteine and
methionine

metabolism

Cysteine and
methionine
metabolism

Lysine

degradation

amino acid
degradation
pathways

Arginine

biosynthesis

N/F

https://www.genome.jp/dbget-bin/www_bget?C00051

https://www.genome.jp/dbget-bin/www_bget?C00155

https://www.genome.jp/dbget-bin/www_bget?C16741

http://iwww.hmdb.ca/metabolites/HMDB0028932#physi

cal_properties

https://www.genome.jp/dbget-bin/www_bget?C00437

(15)

(35)

(18)

(29)

(20)

(32)
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13279

HMDBOO
01369

HMDBO00
29415

HMDBO0O0
00650

HMDBO0O0

02072

HMDBO0O0
02820

cine

Pyrroline
hydroxycarb

oxylic acid

S-
carboxymeth
yl-L-cysteine

Alpha-
Aminobutyric

acid

4-
methoxyphe
nylacetic
acid

Methylimida
zoleacetic

breast
cancer,
oral
cancer,
pancreatic
cancer

oral cancer

breast
cancer,
oral
cancer,
pancreatic

cancer

oral cancer

breast
cancer,

oral

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Benzenoid

S

Organohet
erocyclic

compound

analogues

Amino acids,
peptides, and

analogues

Amino acids,
peptides, and
analogues

Amino acids,
peptides, and

analogues

Anisoles

Imidazoles

Arginine and
Proline

Metabolism

N/F

N/F

N/F

Histidine

Metabolism

https://lwww.genome.jp/kegg/pathway/map/hsa00330.h

tml

https://www.genome.jp/dbget-
bin/'www_bget?cpd:C03727

https://www.genome.jp/dbget-
bin/www_bget?cpd:C02261

https://www.genome.jp/dbget-bin/www_bget?C05828

(29)

(32)

(29)

(35)

(29)
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HMDBO0O
00707

HMDBO00
29635

HMDBO0O
02428

HMDBO0O0
01473

HMDBO0O0
00174

acid

4-
Hydroxyphe
nylpyruvic
acid

4-
Methilbenzo
ate

terephthalic
acid

dihydroxyac
etone

phosphate

fucose

cancer,
pancreatic

cancer

breast

cancer

oral cancer

oral cancer

oral cancer

head and
neck

cancer,

Benzenoid

S

Benzenoid

S

Benzenoid

S

Organic
oxygen
compound

S

Organic
oxygen

compound

Phenylpyruvic

acid derivatives

Benzoic acids and

derivatives

Benzoic acids and

derivatives

Carbohydrates

and carbohydrate

conjugates

Carbohydrates

and carbohydrate

conjugates

Phenylalanine
and Tyrosine
Metabolism

Xylene
degradation
(n&o é rota HS)

Polycyclic
aromatic
hydrocarbon
degradation
(n&o é rota HS)

Fructose and
Mannose
Degradation

Fructose and
Mannose

Degradation

https://www.genome.jp/dbget-bin/www_bget?C01179

https://www.genome.jp/dbget-bin/www_bget?C01454

https://www.genome.jp/dbget-bin/www_bget?C06337

https://www.genome.jp/dbget-bin/www_bget?C00111

https://www.genome.jp/dbget-bin/www_bget?C01019

@37

(20)

(26)

(21)

(25)
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HMDBO1
112

HMDBO00
01548

HMDBO0O
00258

HMDBO0O0
00122

HMDBO0O0
02064

HMDBO0O0
01186

glyceraldehy
de 3-
phosphate

ribose 5-
phosphate

sucrose

glucose

N1-
acetylputres

cine

N1-acetyl-

spermine

oral cancer

oral cancer

oral cancer

glioblastom
a

oral cancer

breast

cancer

breast

cancer

Organic
oxygen
compound

S

Organic
oxygen
compound

S

Organic
oxygen
compound

S

Organic
oxygen
compound
s

Organic
acids and

derivatives

Organic

acids and

Carbohydrates
and carbohydrate

conjugates

Carbohydrates
and carbohydrate

conjugates

Carbohydrates
and carbohydrate

conjugates

Carbohydrates
and carbohydrate

conjugates

Carboximidic

acids

Carboxylic acid

derivatives

Fructose and
Mannose
Degradation

Pentose
phosphate
pathway

Starch and
Sucrose

Metabolism

Glycolysis;Galac
tose
Metabolism;Gluc

oneogenesis

Arginine and
proline

metabolism

N/F

https://www.genome.jp/dbget-bin/www_bget?C00118

https://www.genome.jp/dbget-bin/www_bget?C00117

https://www.genome.jp/dbget-
bin/'www_bget?cpd:C00089

https://www.genome.jp/dbget-bin/www_bget?C00031

https://www.genome.jp/dbget-bin/www_bget?C02714

https://www.genome.jp/dbget-
bin/www_bget?cpd:C02567

(20)

(21)

(19)

(23)

(30)

(30)
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HMDBOO
00705

HMDBO00
02212

HMDBO0O
00638

HMDBO0O
624

HMDBO0O0
00666

HMDBO0O0
00806

HMDBO0O0
01085

Hexanoylcar

nitine

n-eicosanoic

acid

n_
dodecanoic
acid

2-Hydroxy-4-
methylpenta

noate

heptanoic

acid

n_
Tetradecano

ic acid

leucotriene
B4

oral cancer

oral cancer

oral cancer

oral cancer

oral cancer

oral cancer

head and

neck

derivatives

Lipids and
lipid-like

molecules

Lipids and
lipid-like

molecules

Lipids and
lipid-like

molecules

Lipids and
lipid-like

molecules

Lipids and
lipid-like

molecules

Lipids and
lipid-like

molecules

Lipids and
lipid-like

Fatty acid esters

Fatty acids and
conjugates

Fatty acids and
conjugates

Fatty acids and
conjugates

Fatty acids and

conjugates

Fatty acids and

conjugates

Eicosanoids

Carnitine

metabolism

Biosynthesis of
unsaturated fatty
acids

Fatty acid

biosynthesis

N/F

N/F

Fatty Acid

Biosynthesis

Arachidonic acid

metabolism

journals.plos.org » plosgenetics » article » file » journa...

https://www.genome.jp/dbget-bin/www_bget?C06425

https://www.genome.jp/dbget-bin/www_bget?C02679

https://www.genome.jp/dbget-
bin/www_bget?cpd+C17714

https://www.genome.jp/dbget-bin/www_bget?C06424

https://www.genome.jp/dbget-bin/www_bget?C02165

(32

(35)

(35)

(20,21)

(26)

(35)

(24)
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HMDBOO
12273

HMDBO00
11530

HMDBO00
12344

HMDBO0O0
10386

HMDBO0O0
10404

HMDBO0O0
09498

palmitic

amide

MG
(0:0/14:0/0:0

)

PS
(14:1/16:1)

LysoPC
(18:2)

LysoPC
(22:6)

PE
(22:0/20:4)

cancer

breast

cancer

breast
cancer

breast
cancer

breast

cancer

breast

cancer

breast

cancer

molecules

Lipids and
lipid-like

molecules

Lipids and
lipid-like

molecules

Lipids and
lipid-like

molecules

Lipids and
lipid-like

molecules

Lipids and
lipid-like

molecules

Lipids and
lipid-like

molecules

Fatty amides

Monoradylglycerol

S

Glycerophosphos

erines

Glycerophosphoc
holines

Glycerophosphoc

holines

Glycerophosphoet

hanolamines

Primary fatty
acid amide

metabolism

Glycerolipid
metabolism

Phosphatidylcho

line Biosynthesis

PC(14:1(92)/16:
1(92))

arachidonate

biosynthesis |

Glycerophospho

lipid metabolism

Phosphatidylcho

line Biosynthesis

PC(22:0/20:4(52
,82,117,142))

http://www.lipidmaps.org/data/LMSDRecord.php?&LMI
D=LMFA08010009

https://www.genome.jp/dbget-bin/www_bget?C01885

http://www.hmdb.ca/metabolites/HMDB0012344+#biolo
gical_properties

https://biocyc.org/compound?orgid=META&id=CPD-
8347#tab=RXNS

https://www.genome.jp/dbget-
bin/www_bget?cpd:C04230

http://iwww.hmdb.ca/metabolites/HMDB0009498#biolo

gical_properties

@37

@37

@37

@37)

37)

@37)
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HMDB10
382

HMDBOO
02815

HMDBO0O
00086

HMDBO0O0
11507

HMDBO0O0
08100

N/D

LysoPC
(16:0)

LysoPC
(18:1)

Glycerophos
phocholine

LysoPE
(18:2/0:0)

PC
(18:1/16:0)

Burimamide

breast
cancer

breast

cancer

breast
cancer,
oral
cancer,
pancreatic
cancer

breast

cancer

breast

cancer

breast
cancer,
oral

cancer,

Lipids and
lipid-like

molecules

Lipids and
lipid-like

molecules

Lipids and
lipid-like

molecules

Lipids and
lipid-like

molecules

Lipids and
lipid-like

molecules

Organohet
erocyclic

compound

Glycerophosphoc
holines

Glycerophosphoc
holines

Glycerophosphoc
holines

Glycerophosphoet

hanolamines

Glycerophosphoc
holines

Imidazoles

Phospholipid
Biosynthesis

Glycerolipid
metabolism

Glycerophospho
lipid metabolism;
Retinol
Metabolism

Glycerophospho
lipid metabolism

Phosphatidylcho

line Biosynthesis

PC(18:1(92)/16:
0)

Histamine
H2/H3 receptor
agonists/antago

http://www.genome.jp/kegg/pathway/map/hsa00564.ht
ml

https://www.genome.jp/dbget-
bin/'www_bget?cpd:C03916

https://www.genome.jp/dbget-bin/www_bget?C00670

https://www.genome.jp/dbget-bin/www_bget?C04438

http://iwww.hmdb.ca/metabolites/HMDB0008100#taxon

omy

https://www.genome.jp/dbget-bin/www_bget?C07448

@37

(37)

(29)

37

@37)

(29)
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HMDBOO
02302

HMDBO00
00050

HMDBO0O0
00195

HMDBO0O0
00008

HMDBO0O
00019

3-
indolepropio
nic acid

Adenosine

Inosine

2-
hydroxybutyr
ate

2-

oxoisovaleric

pancreatic

cancer

oral cancer

oral cancer

oral cancer

Pancreatic

cancer

oral cancer

Organohet
erocyclic
compound

S

Nucleoside
S,
nucleotides
, and

analogues

Nucleoside
S,
nucleotides
,and

analogues

Organic
acids and

derivatives

Organic

acids and

Indolyl carboxylic
acids and

derivatives

Alpha hydroxy
acids and

derivatives

Short-chain keto

acids and

nists

microbial
tryptophan
metabolism (ndo
é HS)

Purine
metabolism;Sele
noamino Acid

Metabolism

Purine

Metabolism

Propanoate
Metabolism;
Malonic
Aciduria;

Valine, Leucine

and Isoleucine

https://www.nature.com/articles/s41387-018-0046-9

https://www.genome.jp/dbget-
bin/'www_bget?cpd:C00212

https://www.genome.jp/dbget-bin/www_bget?C00294

http://iwww.hmdb.ca/metabolites/HMDB0000008#biolo

gical_properties

http://lwww.hmdb.ca/metabolites/HMDB0000019#biolo

gical_properties

(35)

(21)

(21)

(16)

(26)
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HMDBOO
00042

HMDBO00
00094

HMDBO0O
00965

HMDBO0O0
00005

HMDBO0O0
00744

acid

acetic acid

Citrate

Hypotaurine

2-

oxobutyrate

Malate

glioblastom

a

oral cancer

oral cancer

Pancreatic

cancer

oral cancer

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic

acids and

derivatives

Carboxylic acids

Tricarboxylic acids

and derivatives

Sulfinic acids

Short-chain keto
acids and

derivatives

Beta hydroxy
acids and

Degradation

Pyruvate

Metabolism

Citrate cycle
(TCA
cycle);Alanine,
aspartate and
glutamate

metabolism

Taurine and
Hypotaurine

Metabolism

Methionine
Metabolism;
Glycine and
Serine
Metabolism;
Congenital lactic
acidosis

Malate-
Aspartate

Shuttle;Glucone

http://www.hmdb.ca/metabolites/HMDB0000042#biolo

gical_properties

https://www.genome.jp/dbget-bin/www_bget?C00158

http://www.hmdb.ca/metabolites/HMDB0000965#biolo

gical_properties

http://iwww.hmdb.ca/metabolites/HMDB0000005#biolo

gical_properties

https://www.genome.jp/dbget-bin/www_bget?C00149

(19)

(21)

(21)

(16)

(21)
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HMDBO0O
00237

HMDBO0O0
00062

propionate

carnitine

1

glioblastom
a

oral cancer

derivatives

Organic
acids and

derivatives

Organic
nitrogen
compound
S

derivatives

Carboxylic acids

Quaternary

ammonium salts

ogenesis;
Citrate cycle
(TCA cycle);

Pyruvate

metabolism

Propanoate
metabolism;Car
bohydrate
digestion and
absorption;Nicoti
nate and
nicotinamide
metabolism

Lysine
degradation;Car
nitine
Synthesis;Beta
Oxidation of
Very Long Chain
Fatty
Acids;Oxidation
of Branched
Chain Fatty
Acids

https://www.genome.jp/dbget-bin/www_bget?C00163

https://www.genome.jp/dbget-bin/www_bget?C00487

(19)

(32
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HMDBOO
00020

HMDBO0O
00755

N/D

HMDBO0O0
01488

HMDBO0O
00469

p_
hydroxyphen

ylacetic acid

Hydroxyphe
nyllactic acid

Piperideine

Nicotinate

hydroxymeth

yluracil

1

oral cancer

oral cancer

breast
cancer,
oral
cancer,
pancreatic

cancer

oral cancer

oral cancer

Benzenoid

S

Phenylprop
anoids and

polyketides

Organohet
erocyclic
compound

S

Organohet
erocyclic
compound

S

Organohet
erocyclic

compound

Tyrosine
1-hydroxy-2- ]
] metabolism;
unsubstituted )
) Phenylalanine
benzenoids )
metabolism

tyrosine

metabolism

Propane,
piperidine and
pyridine alkaloid
biosynthesis;

Nicotinate and
Nicotinamide

Pyridinecarboxylic  Metabolism;Trop

acids and ane, piperidine
derivatives and pyridine
alkaloid

biosynthesis

Pyrimidines and
pyrimidine ]
o metabolism
derivatives

https://www.genome.jp/dbget-
bin/'www_bget?cpd:C00642

http://www.hmdb.ca/metabolites/HMDB0000755#biolo
gical_properties

https://www.genome.jp/dbget-bin/www_bget?C06181

https://www.genome.jp/dbget-bin/www_bget?C00253

https://books.google.com.br/books?id=aCP6-
fd2i20C&pg=PA149&Ipg=PA149&dq=5-
hydroxymethyluracil+Metabolic+Pathways&source=bl&
ots=hvHLesxYT-

(26)

(32)

(29)

(21)

(32
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HMDBO00
00630

HMDBO0O
13305

HMDBO0O
00149

cytosine

Propionylcho

line

ethanolamin

e

1 oral cancer

1 oral cancer

breast
cancer,
gastric
cancer,

2 glioblastom
a, oral
cancer,

pancreatic

cancer

Organohet
erocyclic
compound
s

Organic
nitrogen
compound

S

Organic
nitrogen
compound

S

Pyrimidines and
pyrimidine
derivatives

Quaternary

ammonium salts

Amines

&sig=ACfU3U20NKiXBGrmMnVCOEN3GXLLUrpsSA&
hl=pt-
BR&sa=X&ved=2ahUKEwii3cSdvsbkAhU6lIbkGHcV_D
YyMQG6AEWCHOECA0QAQ#v=0nepage&q=5-
hydroxymethyluracil%20Metabolic%20Pathways&f=fal

se

Pyrimidine ) ]
) https://www.genome.jp/dbget-bin/www_bget?C00380 (21)
metabolism

(32

Phospholipid http://www.genome.jp/kegg/pathway/map/hsa00564.ht (18, 19)

Biosynthesis ml
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HMDBOO
04610

HMDBO0O
01414

HMDBO0O
01257

HMDBO0O
00206

HMDBO0O0
00272

HMDBO0O
00452

Phytosphing

osine

putrescine

Spermidine

N-¢-
Acetyllysine

O-
Phosphoseri

ne

2-

aminobutyric

oral
cancer;
breast
cancer

breast
cancer,
oral
cancer,
pancreatic
cancer

breast
cancer,

oral cancer

oral cancer

oral cancer

oral cancer

Organic
nitrogen
compound
S

Organic
nitrogen
compound

S

Organic
nitrogen
compound

S

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic

acids and

Amines

Amines

Amines

Amino acids,
peptides, and

analogues

Amino acids,
peptides, and

analogues

Amino acids,
peptides, and

Sphingolipid

metabolism

Methionine
Metabolism

Methionine
Metabolism

Lysine
degradation

Glycine, serine

and threonine

metabolism

Cysteine and

methionine

https://www.genome.jp/dbget-bin/www_bget?C12144

https://www.genome.jp/kegg/pathway/map/hsa00270.h

tml

https://www.genome.jp/kegg/pathway/map/hsa00270.h

tml

https://www.genome.jp/dbget-bin/www_bget?C02727

https://www.genome.jp/dbget-bin/www_bget?C01005

https://www.genome.jp/dbget-bin/www_bget?C02356

(32

@37

(30, 29)

(20,30)

(20,21)

(20)

(21)

(20 ,21)
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HMDBOO
00512

HMDBO00
28680

HMDBO0O
00517

HMDBO0O
00043

HMDBO0O0
00112

acid

Acetylphenyl

alanine

Alanylalanin
e

arginine

betaine

gamma-

Aminobutyric

acid

breast
cancer,

oral cancer

oral cancer

breast
cancer,

oral cancer

breast
cancer,
oral
cancer,
pancreatic

cancer

breast
cancer,
oral
cancer,
pancreatic

cancer

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

analogues

Amino acids,
peptides, and

analogues

Amino acids,
peptides, and
analogues

Amino acids,
peptides, and

analogues

Amino acids,
peptides, and

analogues

Amino acids,
peptides, and

analogues

metabolism

Phenylalanine

metabolism

amino acid
degradation
pathways

Urea Cycle

Glycine, serine

and threonine

metabolism

Glutamate

Metabolism

https://www.genome.jp/dbget-bin/www_bget?C03519

http://www.hmdb.ca/metabolites/HMDB0028680#biolo
gical_properties

https://www.genome.jp/kegg/pathway/map/hsa00330.h
tml

https://www.genome.jp/dbget-bin/www_bget?C00719

http://www.genome.jp/kegg/pathway/map/hsa00250.ht

ml

(32,37)

(20,21)

(38,27)

(34,29)

(35)
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HMDBO00
11733

HMDBOO
00759

HMDBO0O
00092

HMDBO0O
12136

HMDBO0O0
00925

HMDBO0O0
00124

HMDBO0O0

Gly-Gly

Gly-Leu

N.N-
Dimethylglyc

in

Isopropanola

mine

Trimethylami

ne N-oxide

fructose 6-

phosphate

ribulose 5-

oral cancer

oral cancer

oral cancer

oral cancer

oral cancer

oral cancer

oral cancer

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
nitrogen
compound

S

Organic
nitrogen
compound
s

Organic
oxygen
compound

S

Organic

Amino acids,
peptides, and

analogues

Amino acids,
peptides, and

analogues

Amino acids,
peptides, and

analogues

Amines

Aminoxides

Carbohydrates
and carbohydrate

conjugates

Carbohydrates

N/F

N/F

Glycine and
Serine
Metabolism

N/F

N/F

Galactose

metabolism

Pentose

https://www.genome.jp/dbget-
binfwww_bget?cpd:C02037

https://www.genome.jp/dbget-
bin/'www_bget?cpd:C02155

https://www.genome.jp/dbget-bin/www_bget?C01026

https://www.genome.jp/dbget-
bin/www_bget?cpd:C05771

https://www.genome.jp/dbget-bin/www_bget?C00085

https://www.genome.jp/dbget-

(20,21)

(20,21)

(20,21)

(20,21)

(20,21)

(20,21)

(20,21)
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00618

HMDBO0O
00039

HMDBO0O
00482

HMDBO0O
00133

HMDBO0O0
01185

phosphate

butyric acid

octanoic

acid

Guanosine

S-
adenosylmet

2

2

2

2

oral cancer

oral cancer

oral cancer

oral cancer

oxygen
compound

S

Lipids and
lipid-like

molecules

Lipids and
lipid-like

molecules

Nucleoside
S,
nucleotides
, and

analogues

Nucleoside
S,

nucleotides

and carbohydrate

conjugates

Fatty acids and

conjugates

Fatty acids and

conjugates

5'-deoxy-5'-
thionucleosides

phosphate
pathway;Lipopol
ysaccharide
biosynthesis

Butanoate
metabolism;
Carbohydrate
digestion and
absorption;Prote
in digestion and
absorption

Beta Oxidation
of Very Long
Chain Fatty

Acids; Fatty acid
biosynthesis

Purine

metabolism

Betaine
Metabolism;Met

hionine

binfwww_bget?cpd:C00199

https://www.genome.jp/dbget-bin/www_bget?C00246

https://www.genome.jp/dbget-bin/www_bget?C06423

https://www.genome.jp/dbget-bin/www_bget?C00387

http://iwvww.hmdb.ca/metabolites/HMDB0001185#biolo

gical_properties

(26,20)

(26,20)

(20)

(21)

(20)
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HMDBOO
00072

HMDBO0O
01276

HMDBO0O0
00254

HMDBO0O0
00294

HMDBO0O0

hionine

cis-Aconitate

N1 -
acetylspermi
dine

Succinic

acid

urea

7-
Methylguani

oral cancer

breast
cancer,
pancreatic

cancer

oral cancer

oral cancer

oral cancer

,and

analogues

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Organohet

erocyclic

Tricarboxylic acids

and derivatives

Carboximidic
acids

Carboxylic acids

Ureas

Purines and

Metabolism

Citric Acid
Cycle;
Congenital lactic

acidosis

spermine and
spermidine
degradation |

Citric Acid
Cycle;Glutamate
Metabolism;Mito

chondrial

Electron

Transport Chain

Urea
Cycle;Arginine
and Proline
Metabolism;Puri

ne metabolism

SnRNA Cap
Hypermethylatio

http://www.hmdb.ca/metabolites/HMDB0000072#biolo

gical_properties

https://biocyc.org/compound?orgid=META&id=CPD-
568#tab=RXNS

https://www.genome.jp/dbget-bin/www_bget?C00042

https://www.genome.jp/dbget-bin/www_bget?C00086

https://www.ebi.ac.uk/chebi/pathway.do?chebild=CHE

(21)

(20)

(21)

(16,30)

(32,23)

(20)

(26)

(20,21)
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00897

HMDBO0O
00132

HMDBO00
00289

HMDBO0O0
00002

HMDBO0O0
00158

ne

guanine

uric acid

1,3-
Diaminoprop

ane

thyrosine

oral cancer

Oral
cancer.
pharyngeal
cancer.
Laryngeal

cancer

oral
cancer;
breast

cancer

breast
cancer,
oral
cancer,
pancreatic

cancer

compound

S

Organohet
erocyclic
compound

S

Organohet
erocyclic
compound

S

Organic
nitrogen
compound

S

Organic
acids and

derivatives

purine derivatives

Purines and

purine derivatives

Purines and

purine derivatives

Amines

Amino acids,
peptides, and

analogues

n; nuclear export
of snRNA

transcripts

Purine
Metabolism

Purine
Metabolism

Beta-Alanine

Metabolism

Tyrosine

Metabolism

Bl:2274

https://www.genome.jp/dbget-bin/www_bget?C00242

https://www.genome.jp/dbget-bin/www_bget?C00366

https://www.genome.jp/kegg/pathway/map/hsa00410.h

tml

http://www.genome.jp/kegg/pathway/map/hsa00350.ht

ml

(20,21)

(15)

17)

(20,21)
(30)

(23,27,2
9)
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HMDBO00
01161

HMDBO0O
00904

HMDBO0O
00696

HMDBO0O0
00187

HMDBO0O0
00535

Y-
Butyrobetain

e

citrulline

methionine

serine

hexanoic

acid

3

oral cancer

breast
cancer,
oral
cancer,
pancreatic
cancer

breast
cancer,

oral cancer

breast
cancer,
oral
cancer,
pancreatic

cancer

oral cancer

Lipids and
lipid-like

molecules

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and
derivatives

Lipids and
lipid-like

molecules

Fatty acids and
conjugates

Amino acids,
peptides, and

analogues

Amino acids,
peptides, and

analogues

Amino acids,
peptides, and
analogues

Fatty acids and

conjugates

Carnitine
Synthesis

Arginine and
Proline
Metabolism

Cysteine and
methionine

metabolism

Glycine, serine
and threonine

metabolism

Beta Oxidation
of Very Long
Chain Fatty
Acids

http://smpdb.ca/view/SMP00465?image_type=greyscal
e

http://www.hmdb.ca/metabolites/HMDB0000904#biolo
gical_properties

https://www.genome.jp/dbget-
bin/www_bget?cpd:C00073

https://www.genome.jp/dbget-bin/www_bget?C00065

https://www.genome.jp/kegg/pathway/map/hsa01040.h

tml

(20,21)
(26)

(38,37,
29)

(38,20,2
7)

(38,27,2
9)

(20,21,2
6)
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HMDBO00
00665

HMDBOO
00357

HMDBO0O
00191

HMDBO0O0
00190

HMDBO0O0
02189

HMDBO0O0

2-
Hydroxypent

anoate

3-
Hydroxybuty
rate

Aspartic acid

lactic acid

N8-
Acetylspermi

dine

3-
phenyllactic

3

3

oral cancer

oral cancer

breast
cancer,
oral
cancer,
pancreatic
cancer

oral cancer

breast
cancer,

oral cancer

oral cancer

Lipids and
lipid-like

molecules

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Phenylprop

anoids and

Fatty acids and
conjugates

Beta hydroxy
acids and

derivatives

Amino acids,
peptides, and

analogues

Alpha hydroxy
acids and

derivatives

Carboximidic

acids

N/F

Fatty Acid

Biosynthesis

Arginine and
Proline
Metabolism;
aspartate
Metabolism

Gluconeogenesi
s;Pyruvate
Metabolism;
Fructose and
mannose

metabolism

N/F

Phenylalanine

metabolism;Trop

http://www.hmdb.ca/metabolites/HMDB0000357#biolo

gical_properties

http://www.hmdb.ca/metabolites/HMDB0000191#biolo

gical_properties

https://www.genome.jp/dbget-bin/www_bget?C00186

https://www.genome.jp/dbget-
bin/www_bget?cpd:C01029

https://www.genome.jp/dbget-bin/get_linkdb?-

(20,21,2
6)

(20,21,2

6)

(38,27,2
9,21)

(32,35,2
3)

(20,21,3
0)

(26)
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00779

HMDBO0O
00764

HMDBO0O
00157

HMDBO0O0
00123

HMDBO0O0

acid
3-
Phenylpropi 3 oral cancer
onate
breast
cancer,
Hypoxanthin oral

e 3 cancer,
pancreatic

cancer

breast

cancer,

gastric

cancer,

glycine 4
oral

cancer,
pancreatic

cancer

Pipecolate 4 breast

cancer,

polyketides

Phenylprop
anoids and
polyketides

Organohet
erocyclic Purines and

compound  purine derivatives

S
Organic Amino acids,
acids and peptides, and

derivatives analogues
Organic Amino acids,

acids and peptides, and

ane, piperidine
and pyridine
alkaloid

biosynthesis

Phenylalanine
metabolism

Purine

Metabolism

Glycine, serine
and threonine

metabolism

Lysine

t+hmdb+cpd:C05607

https://www.genome.jp/dbget-bin/www_bget?C05629

https://www.genome.jp/dbget-bin/www_bget?C00262

https://www.genome.jp/dbget-bin/www_bget?C00037

https://www.genome.jp/dbget-bin/www_bget?C00408

(20,21,2
6)

(20,21,2
9)

(18,23,2
7,29)

(20,21,3
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00070

HMDBO0O
02199

HMDBO0O
02322

HMDBO0O
00641

HMDBO0O
00177

3-(4-

hydroxyphen
yl)propionic

acid

cadaverine

glutamine

histidine

oral
cancer,
pancreatic
cancer

oral cancer

breast
cancer,
oral
cancer,
pancreatic

cancer

breast
cancer,
oral
cancer,
pancreatic

cancer

breast
cancer.
gastric

cancer.

derivatives analogues
Phenylprop
anoids and
polyketides

Organic

nitrogen .

Amines
compound
S

Organic Amino acids,
acids and peptides, and
derivatives analogues

Organic Amino acids,
acids and peptides, and
derivatives analogues

degradation

tyrosine
metabolism

Lysine

degradation

Glutamate
Metabolism

Histidine

metabolism

4,29)

http://www.hmdb.ca/metabolites/HMDB0002199%#taxon  [(20,21,2

omy 6)
_ _ (20,21,2
https://www.genome.jp/dbget-bin/www_bget?C01672
6,29, 30)
(18,21,2
) . . 3,29,
https://www.genome.jp/dbget-bin/www_bget?C00064
38)
. . (18,27,3
https://www.genome.jp/dbget-bin/www_bget?C00135 7.29)
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oral (38)
cancer.
pancreatic
cancer
HMDBOO glioblastom Organic Amino acids, Valine, leucine [19] [21]
00172 isoleucine a. Oral acids and peptides, and and isoleucine https://www.genome.jp/dbget-bin/www_bget?C00407 [23] [26]
cancer derivatives analogues biosynthesis [27]
breast
cancer,
astric
HMDBOO N Organic Amino acids, Lysi https:// ip/dbget S
cancer, sine s:/lwww.genome. et-
lysine acids and peptides, and ) Y ) .p 9 Jpieba [27]129]
00182 oral o biosynthesis bin/'www_bget?cpd:C00047
derivatives analogues
cancer, [38]
pancreatic
cancer
breast
cancer,
Organic Amino acids, Arginine and [38] [21]
HMDBO00 o oral ) . ) ] )
ornithine acids and peptides, and proline https://www.genome.jp/dbget-bin/www_bget?C00077 [30][32]
00214 cancer, o ]
. derivatives analogues metabolism [29]
pancreatic
cancer
HMDBOO breast Organohet indolvl carboxvli Tryptophan (38] [20]
ndolyl carboxylic . i _bi
00929 tryptophan cancer, erocyclic y. Yy metabolism.Phe https://www.genome.jp/dbget-bin/www_bget?C00078
acids and _ [21] [26]
oral compound nylalanine,
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HMDBO0O
00251

HMDBO0O0
00167

HMDBO0O
00148

taurine

threonine

glutamic

acid

cancer,
pancreatic

cancer

breast
cancer,
gastric
cancer,
oral
cancer,
pancreatic

cancer

breast
cancer,
oral
cancer,
pancreatic

cancer

breast
cancer,
oral
cancer,
pancreatic

cancer

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

derivatives

Sulfinic acids

Amino acids,
peptides, and

analogues

Amino acids,
peptides, and

analogues

tyrosine and
tryptophan

biosynthesis

Taurine and
Hypotaurine

Metabolism;Bile

Acid
Biosynthesis

Glycine and
Serine

Metabolism

Alanine,
aspartate and
glutamate

metabolism

http://www.hmdb.ca/metabolites/HMDB0000251#biolo

gical_properties

http://iwww.genome.jp/kegg/pathway/map/hsa00260.ht

ml

https://www.genome.jp/dbget-
bin/www_bget?cpd:C00025

(29]

[18] [20]
[21] [26]
(29]

[38] [20]
[21] [27]
[35] [29]

[38] [18]
[23] [27]
[29] [21]




128

breast
cancer, ) ) ] Phenylalanine,
. Organic Amino acids, ) [38] [27]
HMDBOO phenylalanin oral ) ] tyrosine and ) )
acids and peptides, and https://www.genome.jp/dbget-bin/www_bget?C00079 [33] [35]
00159 e cancer, o tryptophan
) derivatives analogues ) ) [37][29]
pancreatic biosynthesis
cancer
breast
cancer,
gastric
cancer,
HMDBOO head and Organic Amino acids, Arginine and [38] [18]
00162 proline neck acids and peptides, and proline https://www.genome.jp/dbget-bin/www_bget?C00148  [23] [25]
cancer, derivatives analogues metabolism [35] [29]
oral
cancer,
pancreatic
cancer.
breast Betaine
cancer, Organic Metabolism;Met
_ . [20] [21]
HMDBO0O hoi oral nitrogen Quaternary hionine it/ - dbaet.bin bget2C00114  [26] [34]
choline S ttps://www.genome. et-bin/www_bget~
00097 cancer, compound ammonium salts  Metabolism;Pho P g IPrEbg -9 371 129
pancreatic s spholipid 371129
cancer Biosynthesis;

Glycerophospho
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HMDBOO
00230

HMDBO00
00687

HMDBO0O
00883

HMDBO0O
00161

N-
Acetylneura
minate

leucine

valine

alanine

breast
cancer,
oral
cancer;
ovarian

cancer

breast
cancer,

8 glioblastom
a, oral

cancer

breast

cancer,
glioblastom

9 a, oral

cancer,
pancreatic

cancer

Breast

11
cancer,

gastric

Organic
oxygen
compound

S

Organic
acids and

derivatives

Organic
acids and

derivatives

Organic
acids and

derivatives

Carbohydrates
and carbohydrate

conjugates

Amino acids,
peptides, and

analogues

Amino acids,
peptides, and

analogues

Amino acids,
peptides, and

analogues

lipid metabolism

Amino sugar
and nucleotide
sugar

metabolism

Valine, leucine
and isoleucine

biosynthesis

Valine, leucine
and isoleucine

degradation

Alanine,
aspartate and

glutamate

https://www.genome.jp/dbget-bin/www_bget?C00270

https://www.genome.jp/dbget-bin/www_bget?C00123

https://www.genome.jp/dbget-bin/www_bget?C00183

https://www.genome.jp/dbget-bin/www_bget?C00041

[21] [37]

[14] [22]

[28] [31]
[36]

[38] [19]
[21] [23]
[26] [27]
[33] [35]

[38] [19]
[20] [21]
[23] [26]
[27]. [35]
[29]

[16] [38]
[18] [19]
[20] [21]
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cancer, metabolism [23] [26]
glioblastom [27] [35]
a, oral [29]
cancer,
pancreatic
cancer

HMDB: Human Metabolome Database ;N/D: not described in HMDB ;N/F: not found in any database.



Suppplement Table 5. Super-classes and subclasses of reported metabolites

Alcohols and polyols 1

Carbohydrates and carbohydrate

conjugates

Fatty Acyls 13
Glycerolipids 1
Glycerophospholipids 9

Amines
Quaternary ammonium salts 4
Aminoxides 1

Benzene and substituted derivatives 3
Phenol 1
Phenol ethers 1

Piperidines 1
Azoles 2
Indoles and derivatives 2

Purines and purine

derivatives
Pyridines and derivatives 2

Pyrimidines and pyrimidine

derivatives

Hydroxy acids and 5
derivatives

Amino acids, peptides, and 46
analogues

Keto acids and derivatives 2

Sulfinic acids and )
derivatives

Ureas 1

Carboximidic acids and 4
derivatives

7

Others Carboxylic acid

131
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derivatives

Purine nucleosides 3

5'-deoxyribonucleosides 1



Supplementary Table 6. Salivary metabolites for breast cancer.

133

Younden’s
Sample Controls  prevalence PPV NPV
Author Size BC (NON- _ Sensitivity ~ Specificity LR+ LR- DOR Index
BC) (%) Metabolite 0 0 (%) (%)
" N) (%) (%) " # 4 Value
# # #
N) ”
Takayama
etal. 2016 172 61 111 35 Spermine 74 70 57 83 246 0.37 6.65 0.44
(30)
Takayama
etal. 172 61 111 35 N1-acetyl-spermidine 62 82 64 80 3.44 0.46 7.48 0.44
2016(30)
Takayama
etal. 172 61 111 35 N8-acetyl-spermidine 65 77 60 80 282 045 6.27 0.42
2016(30)
Takayama
etal. 172 61 111 35 N1-acetylputrescine 65 75 58 79 2.6 0.46 5.65 0.4
2016(30)
Takayama
etal. 172 61 111 35 Cadaverine 67 73 57 80 248 045 5.51 0.4

2016(30)




134

Takayama
etal.
2016(30)

Takayama
etal.
2016(30)

Takayama
etal.
2016(30)

Takayama
etal.
2016(30)

Takayama
et al.
2016(30)

Takayama
etal.
2016(30)

Takayama
etal.
2016(30)

Takayama
etal.

172

172

172

172

172

172

172

172

61

61

61

61

61

61

61

61

111

111

111

111

111

111

111

111

35

35

35

35

35

35

35

35

Putrescine

N1-acetyl-spermine

Spermidine

Ornithine

N1N8-diacetyl-spermidine

N1N12-diacetyl-spermine

Diaminopropane

N8-acetyl-spermidine;

N1-acetyl-spermidine,

67

62

68

70

72

52

51

80

72

73

65

59

50

65

50

79

56

55

51

a7

43

44

35

67

80

78

79

78

76

71

65

88

2.39

2.29

1.94

1.7

1.44

1.48

1.02

3.8

0.45

0.52

0.49

0.5

0.56

0.73

0.98

0.25

5.31

4.4

3.96

3.4

2.57

2.03

1.04

15.2

0.39

0.35

0.33

0.29

0.22

0.17

0.01

0.59




135

2016(30)

Zhong et
al. 2016
(37)

Zhong et
al.
2016(37)

Zhong et
al.
2016(37)

Zhong et
al.
2016(37)

Zhong et
al.
2016(37)

Zhong et
al.
2016(37)

55

55

55

55

55

30

30

30

30

30

30

25

25

25

25

25

25

54

54

54

54

54

54

Cadaverine, N1IN12-

diacetyl-spermine,

Putrescine, and N1-

acetylputrescine

LysoPC (18:2)

Palmitic amide

Phytosphingosine

LysoPC (18:1)

PS (14:1/16:1)

LysoPC (16:0)

84

65

80

77

77

48

92

77

92

100

91

95

92

76

92

100

90

91

83

05

79

78

77

60

10.5

2.82

10

infinity

8.55

9.6

0.17

0.45

0.21

0.23

0.25

0.54

61.76

6.27

47.62

#VALUE!

34.2

17.78

0.76

0.42

0.72

0.77

0.68

0.43
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Zhong et
al.
2016(37)

Zhong et
al.
2016(37)

Zhong et
al.
2016(37)

Zhong et
al.
2016(37)

Zhong et
al.
2016(37)

Zhong et
al.
2016(37)

Zhong et
al.
2016(37)

Zhong et
al.

55

55

55

55

55

55

55

55

30

30

30

30

30

30

30

30

25

25

25

25

25

25

25

25

54

54

54

54

54

54

54

54

Acetylphenylalanine

Propionylcholine

LysoPC (22:6)

MG (0:0/14:0/0:0)

LysoPE (18:2/0:0)

PC (18:1/16:0)

Phenylalanine

Citruline

80

53

81

92

92

59

77

96

74

85

91

91

62

91

66

54

78

80

91

92

73

88

72

71

75

60

80

90

86

65

70

92

3.07

3.53

10.22

2.42

6.55

2.26

2.08

0.27

0.55

0.2

0.08

0.12

0.45

0.34

0.07

11.37

6.42

45

127.75

20.17

14.56

6.65

29.71

0.54

0.38

0.72

0.83

0.54

0.5

0.43

0.5
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2016(37)

Zhong et
al.
2016(37)

Zhong et
al.
2016(37)

Zhong et
al.
2016(37)

Cheng et
al. 2015
(38)

Cheng et
al.
2015(38)

Cheng et

al.
2015(38)

Cheng et

55

55

55

55

45

38

45

30

30

30

27

17
(stage
| +11)

10

(stage
NI+1V)

17

25

25

25

28

28

28

54

54

54

49

37

26

37

Histidine

N-acetylneuraminic acid

PE (22:0/20:4)

Pro, Thr, His

Phenylalanine

Phenylalanine

Tryptophan

96

92

70

88

64

70

82

62

58

75

85

81

82

71

74

72

76

85

66

57

62

92

86

68

88

79

88

87

2.62

2.19

2.8

6.0

3.36

3.88

2.88

0.06

0.13

0.4

0.14

0.44

0.36

0.24

43.67

16.85

43.92

7.64

10.78

12.00

0.58

0.5

0.45

0.73

0.45

0.52

0.53
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al.
2015(38)

Cheng et
al.
2015(38)

Cheng et
al.
2015(38)

Cheng et
al.
2015(38)

Cheng et
al.
2015(38)

Cheng et
al.
2015(38)

Cheng et
al.

38

45

38

45

38

45

(stage
| +11)

10

(stage
I+1V)

17

(stage
[ +I1)

10

(stage
HI+I1V)

17

(stage
I +11)

10

(stage
NI+1V)

17

(stage

28

28

28

28

28

28

26

37

26

37

26

37

Tryptophan

Methionine

Methionine

Proline

Proline

Threonine

90

82

90

70

80

76

71

71

71

92

92

85

52

62

52

83

77

74

95

87

95

83

92

85

3.10

2.88

3.14

8.75

11.26

5.06

0.14

0.24

0.14

0.32

0.21

0.28

22.14

12.00

22.43

27.34

53.62

18.07

0.61

0.53

0.61

0.62

0.72

0.61
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2015(38)

Cheng et
al.
2015(38)

Cheng et
al.
2015(38)

Cheng et
al.
2015(38)

Cheng et
al.
2015(38)

Cheng et
al.
2015(38)

Cheng et
al.
2015(38)

38

45

38

45

38

45

[ +11)
10

(stage
HI+1V)

17

(stage
[ +I1)

10

(stage
HI+I1V)

17

(stage
| +11)

10

(stage
HI+1V)

17

(stage
| +11)

28

28

28

28

28

28

26

37

26

37

26

37

Threonine

Aspartic acid

Aspartic acid

Serine

Serine

Citruline

90

82

80

76

90

82

85

67

67

67

71

64

67

59

45

57

52

57

96

86

90

82

95

85

6.00

2.48

2.42

2.30

3.10

2.27

0.11

0.26

0.29

0.35

0.14

0.28

54.55

9.54

8.34

6.57

22.14

8.11

0.75

0.49

0.47

0.43

0.61

0.46
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Cheng et
al.
2015(38)

Cheng et
al.
2015(38)

Cheng et
al.
2015(38)

Cheng et
al.
2015(38)

Cheng et
al. 2015

Cheng et
al.
2015(38)

Cheng et
al.

38

45

38

45

38

45

38

10

(stage
H+1V)

17

(stage
| +11)

10

(stage
I+1V)

17

(stage
| +11)

10

(stage
HI+I1V)

17

(stage
I +11)

10

28

28

28

28

28

28

28

26

37

26

37

26

37

26

Citruline

Ornithine

Ornithine

Histidine

Histidine

Glutamine

Glutamine

80

70

70

52

50

58

90

71

71

85

82

82

82

64

49

58

62

62

49

65

46

90

80

88

74

82

76

94

2.75

2.41

4.66

2.88

2.77

3.22

2.50

0.28

0.42

0.35

0.58

0.60

0.51

0.15

9.82

574

13.31

4.97

4.62

6.31

16.67

0.51

0.41

0.55

0.34

0.32

0.40

0.54
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2015(38)

Cheng et
al.
2015(38)

Cheng et
al.
2015(38)

Cheng et
al.
2015(38)

Cheng et
al.
2015(38)

Cheng et
al.
2015(38)

Cheng et
al.
2015(38)

45

38

45

38

45

38

(stage
H+1V)

17

(stage
[ +I1)

10

(stage
HI+I1V)

17

(stage
I +11)

10

(stage
HI+1V)

17

(stage
| +11)

10

(stage

28

28

28

28

28

28

37

26

37

26

37

26

Leucine

Leucine

Valine

Valine

Glutamic acid

Glutamic acid

76

100

70

90

58

90

75

71

71

92

89

89

64

54

58

79

75

74

84

100

80

96

78

96

3.04

3.44

241

11.25

5.27

8.18

0.32

0.00

0.42

0.10

0.47

0.11

9.50

#DIV/O!

574

112.50

11.21

74.36

0.51

0.71

0.41

0.82

0.47

0.79
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Cheng et
al.
2015(38)

Cheng et
al.
2015(38)

45

38

H+1V)

17

(stage 28 37

I +11)

10

(stage 28 26
I+1V)

Lysine

Lysine

76

80

60

51

52

36

80

87

1.90

1.63

0.40

0.39

4.75

4.18

0.36

0.31

# Data not available in the original article. The authors calculated data from information available in the article.

BC = breast cancer. PPV = positive predictive value. NPV = negative predictive value. LR+ = positive likelihood ratio. LR- = negative likelihood ratio. DOR =

diagnostic odds ratio. Pro = Proline. Thr = Threonine. His = Histidine.



Supplementary Table 7. Salivary metabolites for oral cancer
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Younden’s
Sample Controls  preyalence PPV NPV
Author Size oc (NON- ) Sensitivity  Specificity LR+ LR- DOR Index
0C) (%) Metabolites . . (%) (%)
~ (N) (%) (%) # 4 4 Value
(N) # # # .
Wang,
2014 Stage
] ’ 43 I-11 30 30 Choline 84 90 78 92 840 0.18 47.25 0.74
China
(13)
(34)
Wang et
l., 2014 Stage
a'l ’
) 43 I-11 30 30 Betaine 46 96 83 80 115 056 20.44 0.42
China
(13)
(34)
Wang et
l., 2014 Stage
a-'1 ’
oh 43 I-11 30 30 Pipecolinic acid 92 96 90 96 23.0 0.08 276,00 0,88
ina
(13)
(34)
Wang et 43 Stage 30 30 L-carnitine 73 61 44 84 187 044 423 0,34

al., 2014,



China
(34)

Wang et
al., 2014,
China
(34)

Wang et
al., 2014,
China
(34)

Wang et
al., 2014,
China
(34)

Wang et
al., 2014,
China
(34)

Wang et
al., 2014,
China
(33)

47

47

(13)

Stage
H-1v
(17)

Stage
n-v
(17)

Stage
H-v
17)

Stage
H-1v
17)

Stage
-1l
(13)

30

30

30

30

60

36

36

36

36

18

Choline

Betaine

Pipecolinic acid

L-carnitine

L-phenylalanine

82

47

82

96

84

96

80

96

52

61

92

56

92

52

30

90

72

90

95

94

20,5

2.35

20.5

2.00

2.15

0,19

0.66

0.19

0.08

0.26

109,33

3.55

109.33

26.00

8.21

144

0,78

0.27

0.78

0.48

0.45



Wang et
al., 2014,
China
(33)

Wang et
al., 2014,
China
(33)

Wang et
al., 2014,
China
(33)

Wang et
al., 2014,
China
(32)

Wang et
al., 2014,
China
(32)

Wang et
al., 2014,

43

43

Stage
-1l
(13)

Stage
H-1v
17)

Stage
H-1v
17)

Stage
Il
(13)

Stage
-1l
(13)

Stage
-1l

60

60

60

30

30

30

18

22

22

30

30

30

L-leucine

L-phenylalanine

L-leucine

Lactic acid

Hydroxyphenyllactic

acid

N-nonanoylglycine

84

47

82

46

92

69

81

95

80

93

46

73

47

72

53

73

42

52

96

86

94

80

93

84

4.42

9.4

4.1

6.57

1.7

2.56

0.2

0.56

0.23

0.58

0.17

0.42

22.38

16.85

18.22

11.32

9.8

6.02

145

0.65

0.42

0.62

0.39

0.38

0.42



China
(32)

Wang et
al., 2014,
China
(32)

Wang et
al., 2014,
China
(32)

Wang et
al., 2014,
China
(32)

Wang et
al., 2014,
China
(32)

Wang et
al., 2014,
China
(32)

43

43

(13)

Stage
Il
(13)

Stage
-1l
(13)

Stage
-1l
(13)

Stage
-1l
(13)

Stage
-1l
(13)

30

30

30

30

30

30

30

30

30

30

5-
hydroxymethyluracil

Succinic acid

Ornithine

Hexaoylcarnitine

Propionylcholine

53

69

53

61

76

96

83

86

83

96

85

63

61

60

89

82

86

81

83

90

13.2

4.06

3.79

3.59

19

0.49

0.37

0.55

0.47

0.25

27.06

10.87

6.93

7.64

76

146

0.49

0.52

0.39

0.44

0.72



Wang et
al., 2014,
China
(32)

Wang et
al. 2014,
China
(32)

Wang et
al. 2014,
China
(32)

Wang et
al., 2014,
China
(32)

Wang et
al., 2014,
China
(32)

Wang et
al., 2014,

43

43

Stage
-1l
(13)

Stage
Il
(13)

Stage
Il
(13)

Stage
Il
(13)

Stage
-1l
(13)

Stage
-1l

30

30

30

30

30

30

30

30

30

30

30

30

Carnitine

4-hydroxy-L-

glutamic acid

Acetylphenylalanine

Sphinganine

Phytosphingosine

S-carboxymethyl-L-

cysteine

92

92

92

84

92

84

50

50

76

83

83

93

44

44

62

67

69

83

93

93

95

92

96

93

1.84

1.84

3.83

4.94

5.41

12

0.16

0.16

0.11

0.19

0.1

0.17

11.5

115

36.42

25.63

56.15

69.75

147

0.42

0.42

0.68

0.67

0.75

0.77



China
(32)

Wang et
al., 2014,
China
(32)

Wang et
al., 2014,
China
(32)

Wang et
al., 2014,
China
(32)

Wang et
al., 2014,
China
(32)

Wang et
al., 2014,
China
(32)

47

47

(13)

Stage
H-1v
(17)

Stage
n-v
(17)

Stage
H-v
17)

Stage
H-1v
17)

Stage
H-1v
17)

30

30

30

30

30

36

36

36

36

36

Lactic acid

Hydroxyphenyllactic
acid

N-nonanoylglycine

5-
hydroxymethyluracil

Succinic acid

100

82

52

47

88

73

60

73

96

66

67

53

52

86

59

100

85

73

76

90

3.7

2.05

1.93

11.7

2.59

0

0.3

0.66

0.55

0.18

#DIV/O!

6.83

2.93

21.28

14.24

148

0.73

0.42

0.25

0.43

0.54



Wang et
al., 2014,
China
(32)

Wang et
al., 2014,
China
(32)

Wang et
al., 2014,
China
(32)

Wang et
al., 2014,
China
(32)

Wang et
al., 2014,
China
(32)

Wang et
al., 2014,

47

47

Stage
H-1v
17)

Stage
H-1v
17)

Stage
H-1v
17)

Stage
"-v
(17)

Stage
H-1v
(17)

Stage
H-1v

30

30

30

30

30

30

36

36

36

36

36

36

Ornithine

Hexaoylcarnitine

Propionylcholine

Carnitine

4-hydroxy-L-

glutamic acid

Acetylphenylalanine

82

70

64

94

94

82

73

60

80

46

56

70

63

49

64

49

54

60

87

78

79

93

94

87

3.04

1.75

3.2

1.74

2.14

2.73

0.25

0.5

0.45

0.13

0.11

0.26

12.32

3.5

7.11

13.35

19.94

10.63

149

0.55

0.3

0.44

0.4

0.5

0.52



China
(32)

Wang et
al., 2014,
China
(32)

Wang et
al., 2014,
China
(32)

Wang et
al., 2014,
China
(32)

Vajaria et
al. 2013
(31)

Wei et al.
2011
(3%)

47

47

47

200

71

(17)

Stage
H-1v
(17)

Stage
n-v
(17)

Stage
H-v
(17)

100

37

30

30

30

100

34

36

36

36

50

52

Sphinganine

Phytosphingosine

S-carboxymethyl-L-

cysteine

Total sialic acid,

Total protein

Lactic acid and

Phenylalanine

70

76

88

61

94

83

83

90

44

82

69

71

83

52

84

83

86

93

53

92

4.12

4.47

8.8

1.08

5.22

0.36

0.29

0.13

0.88

0.07

11.39

15.46

66

1.23

74.57

150

412

4.47

8.8

0.05

0.76
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Wang et al.
2014
Stage Choline, Betaine,
China
60 I-11 30 50 Pipecolinic acid, 100 97 97 100 33.3 0 NC 0.97
(34)
(30) L-carnitine
Wang et al.
2014
Stage
China Choline, Betaine,
60 H-1v 30 50 Pipecolinic acid, 88 90 89 88 8.80 0.13 66.00 0.78
(34) L-carnitine
(30)
Wang et al.
Stage
2014 L-phenylalanine
90 I-11 60 33 ] 92 81 70 95 484 0.10 49.03 0.73
China and L-leucine
(30)

(33)




Wang et al.
2014
China

(33)

Wang et al.,
2014

(32)

Wang et al.,
2014

(32)(3

Stage
90 n-v
(30)

Stage

60 111

(30)

Stage
60 H-1v
(30)

60 33
30 50
30 50

L-phenylalanine

and L-leucine

Propionylcholine,
N-AcetylpL-
phenylalanine,
Sphingainne,
Phytosphingosine
, S-
Carboxymethyl-L-

cysteine

Propionylcholine,
N-AcetylpL-
phenylalanine,
Sphingainne,
Phytosphingosine
, S-
Carboxymethyl-L-

cysteine

94

100

86

75

96

94

64

96

93

9% 3.76 0.08 47.00

25.0
100
0
14,3
87

#DIV/

0.15 96.24

152

0.69

0.96

0.80
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# Data not available in the original article. The authors calculated data from information available in the article.

OC = oral cancer. PPV = positive predictive value. NPV = negative predictive value. LR+ = positive likelihood ratio. LR- = negative likelihood ratio. DOR =

diagnostic odds ratio.



Supplementary Table 8. DTA of salivary metabolites of tumors from other locations

154

Cancer | Younden’s
Author type ~ Sample . Controls rrevelence o LR+ LR-  DOR
size ) Sensitivity  Specificity Index
(Non- (%) Metabolite (%) (%)
N (%) (%) # 4 # Value
(N) cancer)
(N) # # #
#
Mikkonen OC,
etal, Laryngeal Flucose
2018, cancer Glycin
Einland 75 45 30 0.6 Meth I’ q 0.87 0.93 094 0.82 1242 0.13 95.54 0.8
ethanol an
(25) Proline
Advanced
. Taurine,
gastric
Glycine,
cancer
Chen et Glutamine,
al, 2018, Ethanolamine,
China(18) 200 84 116 0.42 Histidine, 0.84 0.87 082 088 6.46 0.18 35.13 0.71

Alanine,
Glutamic acid,
Hydroxylysine,

Proline,

Tyrosine
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Chen et
al, 2018,
China(18)

Chen et
al, 2018,
China
(18)

Early
gastric

cancer

Ovarian

cancer

136

52

20

15

Taurine,
Glycine,
116 0.15 Glutamine, 0.8 0.88 0.54
Ethanolamine,

Histidine

Taurine,
Glycine,
37 0.15 Glutamine, 0.8 1 1
Ethanolamine,
Histidine

0.96

0.92

6.67

Infinity

0.23

0.2

29.33

#VALUE!

0.68

0.68

# Data not available in the original article. The authors calculated data from information available in the article.

HNC = head and neck cancer. PPV = positive predictive value. NPV = negative predictive value. LR+ = positive likelihood ratio. LR- = negative likelihood ratio.
DOR = diagnostic odds ratio.
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Item

Achalli, 2017, India

Almadori, 2007, Italy

Asai, 2018, Japan

Bahar, 2007, Israel Chen, 2018, China Garcia, 2018, Italy

Ishikawa, 2016, Japan

Ishikawa, 2017, Japan

Jacob 2016, India

Domain 1:
Patient Selection

Domain 2:
Index Test

Domain 3:
Reference Standard

Domain 4:
Flow and Timing

Was a consecutive or random sample of patients enrolled?
Was a case-control design avoided?
Did the study avoid inappropriate exclusions?
Could the selection of patients have introduced bias?
Concerns regarding applicability: Is there concern that the

included patients do not match the review question?

Were the index test results interpreted without knowledge of
the results of the reference standard?

If a threshold was used, was it pre-specified?
Could the conduct or interpretation of the index test have

introduced bias?

Concerns regarding applicability: Is there concern that the
index test, its conduct, or interpretation differ from the
review question?

Is the reference standard likely to correctly classify the target
condition?

Were the reference standard results interpreted without
knowledge of the results of the index test?

Could the reference standard, its conduct, or its interpretation
have introduced bias?

Concerns regarding applicability: Is there concern that the
target condition as defined by the reference standard does
not match the review question?

Was there an appropriate interval between index test(s) and
reference standard?

Did all patients receive a reference standard?
Did patients receive the same reference standard?
Were all patients included in the analysis?

Could the patient flow have introduced bias?

I < z C

c

c < < =<

T z z <

—

c < < =<

T z z c

-

c < < =<

I z z c

-

c < c c

I < z C

c < c c

T z z c

-

c < c c

T z z C

c < c c

T z z C

c < c c

T z z <

-
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Li, 2012, China Lohavanichbut, 2018, USA Malone, 1994, USA Mikkonen, 2018, Filand Ohshima, 2017, Japan Reddy, 2012, India Sanjay, 2008, India Sugimoto, 2010, Japan Takayama 2016, Japan
u u U Y U U U U U
N N N N N N N N N
N N N N Y Y Y Y Y
H H H H H H H H H
L L L L L L L L L
) U U u u U V) U U
N N N N N N N N N
u U U U U U U U U
L L L L L L L L L
U u u U U Y Y U U
U U u U U U U U U
u u U U U U U U U
U u u U U U U U U
U U u U U U U U U
u U U U U Y Y U U
u u U U U Y Y U U
U Y Y Y Y Y Y U U
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Item Vajaria, 2013, India Wang 2014 China (88) Wang 2014 China (Talanta) Wang, 2014 Scientific Wei, 2011,China Zermeno-Nava, 2018 Zhong 2016 China

Was a consecutive or random sample of patients enrolled? u u U U U Y u
Domain 1: Patient Was a case-control design avoided? N N N N N Y N
Selection Did the study avoid inappropriate exclusions? Y N Y Y Y Y Y
Could the selection of patients have introduced bias? H H H H H L H
Concerns regarding applicability: Is there concern that the
included patients do not match the review question? L L L L L L L
Were the index test results interpreted without knowledge of
X the results of the reference standard? v v v v v u v
Domain 2: Index
Test If a threshold was used, was it pre-specified? N N N N N N N
Could the conduct or interpretation of the index test have
introduced bias? v v v v v u u
Concerns regarding applicability: Is there concern that the
|ndex.test, its conduct, or interpretation differ from the review L L L L L L L
question?
Is the reference standard likely to correctly classify the target
Domain 3: condition? Y Y Y Y Y Y Y
Reference
Standard Were the reference standard results interpreted without
knowledge of the results of the index test? v v v v v v v
Could the reference standard, its conduct, or its interpretation
have introduced bias? v v v v v u Y
Concerns regarding applicability: Is there concern that the
target condition as defined by the reference standard does L L L L L L L
not match the review question?
Was there an appropriate interval between index test(s) and
Domain 4: Flow  reference standard? U U U U U U U
and Timing

Did all patients receive a reference standard?
Did patients receive the same reference standard?

Were all patients included in the analysis?

c < < <
c < < =<
c < < <
c < < <
c < < <
c < < <
c < < <

Could the patient flow have introduced bias?

Supplementary Table 9. QUADAS 2 complete list of questions and answers
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ABSTRACT

The potential use of metabolomics in the oncology research field is been
evaluated in many reports. This study aimed to explore whether salivary
metabolites could help discriminate between breast cancer (BC) patients and
healthy control subjects. Saliva samples from 23 BC patients and 35 healthy
controls were subjected to untargeted metabolomics using ultra performance
liquid chromatography-quadrupole time-of-flight mass spectrometry and an
online bioinformatics tool (XCMS Online), which revealed 534 molecular
features that were shared by the two groups. The METLIN database was
searched for 31 ions that were significantly up-regulated in the BC group
(p<0.05), which identified 7 oligopeptides and 6 glycerophospholipids (PG14:2,
PA32:1, PS28:0, PS40:6, PI31:1, and PI38:7). In addition, saliva samples
were evaluated from before and after treatment of 10 patients who
experienced at least partial treatment response. In these patients, 3 peptides
and PG14:2 were up-regulated before treatment but not after treatment. The
lipids’ area under the curve (AUC) values ranged from 0.5875 (PI31:1) to
0.7329 (PG14:2), the sensitivity values ranged from 43.48% (PI31:1) to
65.22% (PG14:2), and the specificity values ranged from 57.14% (PS40:6) to
88.57% (PS28:0). These results provide new information regarding the
salivary metabolite profiles of BC patients, which may be useful biomarkers.
However, further validation of these results in needed in a larger cohort of BC

patients and healthy controls.

Keywords: breast cancer, metabolomics, XCMS, METLIN, mass spectometry
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1. INTRODUCTION

Metabolic alteration is a hallmark of cancer cells and their malignant
transformation is characterized by multiple changes in metabolic pathways
that are linked to macromolecule synthesis(1,2). Thus, cancer cells have
altered metabolic requirements to facilitate inappropriate replication and
survival, and these cells must simultaneously coordinate nutrient uptake and
metabolism to meet their catabolic and anabolic demands. The classical
example of a reprogrammed metabolic pathway in cancer is the Warburg

effect or “aerobic glycolysis”(3).

Breast cancer (BC) is the most commonly diagnosed cancer and the
leading cause of cancer-related mortality among women.4 The diagnosis of
BC has two main steps, which involve identification of a suspected lesion via
radiological screening and a confirmatory biopsy, as conventional screening
with physical examination and mammography provides less-than-desirable
sensitivity (54%) and specificity (77%) (5,6). Breast biopsy and histopathology
studies are the reference standard for diagnosis, although these techniques
are invasive and involve a risk of morbidity (7). Therefore, research has
focused on identifying biomarkers as a potential adjunctive tool for diagnosing
BC. In this context, saliva is a fluid that reflects the body’s physiological
condition, and has recently emerged as a biological fluid that could be used to
monitor clinical status and identify systemic diseases (8). While saliva is 99%
water, it also contains mucus, electrolytes (K* ions at 25 mmol/L and Na* ions
at 2 mmol/L), nucleic acids, and proteins(8,9). Relative to blood-based testing,
saliva-based testing is simpler, easier, and safer, given the non-invasive
collection methods(10). In 2017, Sugimoto et al. described salivary metabolic
profiles for oral, breast, and pancreatic cancers based on an untargeted
metabolomic approach using capillary electrophoresis time-of-flight mass
spectrometry, which identified 14 amino acids (AAs, including taurine and
lysine) that were significantly elevated in BC patients relative to in healthy
controls(11). In addition, a review of salivary biomarkers for diagnosing BC
revealed that sialic acid, taurine, proline, and valine provided potential

diagnostic value(12).
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Recent development of bioinformatic tools has made it relatively
simple to automate the identification of distinct metabolite features from
different groups of samples and patients(13). For example, the XCMS Online
tool detects and identifies chromatographic features with varying relative
intensity values for comparison between sample groups, with the reported
data including the p-values and fold changes(14,15). These tools have
potential utility for identifying early subclinical markers that can be used to
predict the development of BC and facilitate early intervention. Therefore, the
present study used an untargeted metabolomic approach to identify salivary
metabolites that were differentially expressed in BC patients and healthy
controls, with comparisons of the two groups’ saliva profiles performed using
the XCMS Online tool and identification performed using the METLIN

database.

2. MATERIALS AND METHODS

Ethical considerations

This prospective study was conducted in accordance with the
principals to the Declaration of Helsinki and the study protocol was approved
by the Research Ethics Committee of the Faculty of Health Sciences,
University of Brasilia (UnB, DF, Brazil; Plataforma Brasil protocol:
57449716.5.0000.0030). All individuals provided written informed consent

before participating in the study.

Study participants

The control subjects were healthy women who were recruited from the
general population to undergo a normal physical examination and radiological
breast imaging. Consecutive BC patients were recruited from oncology
centers at the Hospital Universitario de Brasilia, Hospital de Base do Distrito
Federal, Hospital Sirio-Libanés, and Centro de Céancer de Brasilia-Cettro
between October 2016 and October 2017. The inclusion criteria for the BC
patient group were: i) not pregnant or lactating; i) no active oral/dental
disease; iii) no prior neoplasia, except for non-melanomatous skin cancers,

cervical carcinoma in situ, or benign tumors (e.g., adenomas); iv) no impaired
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renal function, congestive heart failure, or active infection (e.g., hepatitis and
HIV); and v) a histopathological diagnosis of BC. These patients were enrolled
before any systemic treatment (neo-adjuvant chemotherapy or palliative
endocrine/chemotherapy) and before definitive surgery for excision of the
breast tumor.

There was no central pathology review for the present study. Tumor
staging was performed using the TNM system from the 7" edition of the
American Joint Committee on Cancer guidelines(16). Molecular profile

classification was performed according to the Saint Gallen consensus: i)

luminal A-like: all of estrogen receptor (ER)-positive, progesterone receptor
(PR)-positive, human epidermal growth factor receptor 2 (HER2)-negative,

and Ki-67 ‘low’; ii) luminal B-like HER2-negative: ER-positive, HER2-negative,

and at least one of Ki-67 ‘high’ and PR-negative or PR-low; iii) luminal B-like

HERZ2-positive: ER-positive, HER2 over-expressed or amplified, any Ki-67,

and any PR; iv) HER2-positive (non-luminal): HER2 over-expressed or

amplified, ER-negative, and PR-negative; v) triple-neqgative: ER-negative, PR-

negative, and HER2-negative(17). Stage I-lll cases were treated using neo-
adjuvant chemotherapy with or without double HER2 blockade, followed by
surgery with or without radiotherapy and with or without adjuvant endocrine
treatment. Stage IV cases were treated using palliative chemotherapy or

endocrine therapy with or without double HER2 blockade.

Specimen collection, transportation, and preparation

Stimulated saliva samples were collected from each participant, who
abstained from eating, drinking, smoking and performing oral hygiene
procedures for =21 h before the collection. At the collection time, the
participants were instructed to chew a cotton swab (Salivette®; Sarstedt AG &
Co., NUmbrecht, Oberbergischer Kreis, Germany) for 2 min. The swab was
then placed in a plastic container and packaged in a Styrofoam box with
recyclable ice packets for <4 h before being transported to the laboratory for
processing. The saliva sample (typically 5-10 mL) was centrifuged for 5 min

at 3,000 rpm and 8°C. After centrifugation, the sample was transferred to a
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clean Eppendorf tube and frozen at —80°C until the analysis. Before the liquid
chromatography (LC) and mass spectrometry (MS), the saliva samples were
diluted with one volume of the mobile phase used for LC separation (90:10,
water with 0.1% formic acid (v/v)/acetonitrile with 0.1% formic acid, v/v). High-
performance liquid chromatography (HPLC)-grade acetonitrile and formic acid
were supplied by CarloErba (Val de Reuil, France), and ultra-pure water was

obtained using a Milli-Q Purification system (Millipore, Molsheim, France).

Ultra high performance liquid chromatography-quadrupole time-
of-flight mass spectrometry (UHPLC-Q-TOF/MS)

The testing was performed using an Agilent 1100 LC system (Agilent
Technologies, Les Ulis, France) coupled to a MicrOTOF-Q Il Mass
Spectrometer (Bruker Daltonics, Wissem-bourg, France) with an electrospray
ionization (ESI) source. The separation was performed using an Atlantis dC18
column at 40°C (150x2.1 mm, 3um; Waters Corporation, Milford). The mobile
phase was composed of (A) water with 0.1% formic acid (v/v) and (B)
acetonitrile with 0.1% formic acid (v/v). The elution gradient started at 10% B,
which was increased to 90% B over a 45-min interval, with a 2-min plateau, a
3-min return to the initial composition, and a 10-min final equilibration step.
The flow-rate was set at 0.2 mL/min and the injection volume was 20 pL. The
ESI-TOF-MS analysis was performed in the positive ionization mode, and the
mass-detection range was set at m/z 50-1200. The ESI source parameters
were a drying gas (N2) flowrate of 5.0 L/min, drying gas temperature of 200°C,
nebulizing gas pressure of 10 psi, and capillary voltage of 4500 V. The ion
transfer method used two different settings: a couple collision RF/transfer time
equal to (i) 100 Vpp/23 us during 30% of the acquisition time (300 us) and (i)
400 Vpp/100 ps during 70% of the acquisition time (700 ps) (i.e., an
acquisition time of 1 s for each MS spectrum). The collision energy and the
pre-pulse storage were maintained at 5 eV and 5 pus, respectively. All data
acquisitions were controlled using TOF Control software (version 3.4,
BrukerDaltonics), and Hystar software (version 3.2, Bruker Daltonics) was

used to interface the UHPLC and MS systems.
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Metabolic pathways

The metabolites identified using XCMS Online were used to search the
Human Metabolome Database (hmdb.ca), the KEGG network (genome.jp),
PubChem (pubchem.ncbi.nlm.nih.gov), the Small Molecule Pathway

Database (smpdb.ca), and LIPID MAPS Lipidomics Gateway (lipidmaps.org).

Data analysis

The subjects’ demographic and clinical characteristics were compared
using Student’s t test and the chi-squared or Fisher exact test as appropriate.
Differences were considered statistically significant at p-values of <0.05.
Receiver operating characteristic (ROC) curves were used to evaluate the
predictive value of each biomarker, and were compared using the non-
parametric method of DeLong et al (18). Optimal cut-off points on the ROC
curves were identified based on i) the shortest Euclidean distance between
the results of the binary classification test (100% sensitivity and 100%
specificity) and ii) the maximum Euclidean distance between the results of the
binary classification test (a 45° line). Sensitivity and specificity values, as well
as the respective 95% confidence intervals, were calculated for each
metabolite’s optimal cut-off value. All statistical analyses were performed

using SAS software (version 9.4).

The LC/MS profiles generated via UHPLC-Q-TOF/MS were converted
into mzML files using Hystar software (Bruker Technology), which were then
uploaded to XCMS Online (xcmsonline.scripps.edu) (19). All LC/MS profiles
were processed using the “centerwave” algorithm with an allowance of 10
ppm on the experimental m/z and a minimum S/N ratio of 3 to extract the
molecular features. The orbiwarp algorithm was used for the retention time
correction, with a step size of 0.5 m/z and a maximum of 5 s allowed for

deviation of the retention time.
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3 RESULTS
Patient characteristics

The study included 23 women with BC (mean age: 47.52+9.79 years)
and 35 healthy women from the general population (mean age: 42.00+13.83
years). The BC cases all involved invasive ductal carcinoma, with 1 case also
involving a micropapillary component and 1 case involving squamous
differentiation. None of the controls had a history of cancer treatment. Table 1
shows the demographic characteristics of the 50 subjects who provided saliva
samples and the clinical characteristics of the 23 BC cases. There were no
significant differences regarding age, menopause status, tobacco use,
medication use, or childbearing. The complete subject characteristics are
listed in Supplementary Table 1.

Table 1. Subject Charactheristics. A) Breast cancer and Healthy controls demographic

data. B) Breast cancer cases clinical and pathological charactheristics.

A

Characteristic * Breast cancers (n=23) Healthy Controls (n=35) p -value #
Mean age (range)- yr 47.52+9.79 42.00+13.83 0.1028
Menopause status 0.7072
Premenopause 14 (60.87) 23 (65.71)

Menopause 9 (39.13) 12 (34.29)

Tobacco use 0.2019
No 19 (82.61) 33 (94.29)

Yes 4 (17.39) 2 (5.71)

Use of medication 0.2446
No 16 (69.57) 19 (54.29)

Yes 7 (30.43) 16 (45.71)




Childbearing 0.2663
No 8 (36.36) 18 (51.43)
Yes 14 (63.64) 17 (48.57)
B

Grade

Grade 1 2

Grade 2 13

Grade 3 8

Node status

Node negative 13

Node positive 10

Stage

Stage 1 2

Stage 2 12

Stage 3 5

Stage 4 4

ER status

ER positivity 210% 14

ER positivity<10% 9

PR status

PR positivity 210% 13

PR positivity <10% 10

HER?2 status

HER2 positive 11

HER2 negative 12

167
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KI67 status
Kl67< 20% 9
K167>20% 14

Molecular profile

Luminal A-like 5
Luminal B HER2 negative- like 8
Luminal B HER2 positive- like 3
HER2 positive (non luminal)-like 3

Triple negative 3

yr: year. ER: estrogen receptor, PR : progesterone receptor, HER2: human epidermal growth
factor receptor 2, Ki67 : antigen KI-67 * Values expressed in median + standard deviation or
frequency (%). Additional baseline characteristics are listed in Supplementary Table 1 in the

Supplementary Appendix. # p-value by Student’s t test and chi-square/Fisher exact test

Quality control for the untargeted metabolomics

The conditions of the stored saliva samples were evaluated at different
points throughout the —80°C storage period, as well as after double injection
of each sample. The results were similar at all time points, which indicated
that the method was repeatable. The presence of previously described
salivary metabolites in cancer patients (Supplementary Table 2) was manually
verified in the samples, although we failed to detect significant inter-group
differences (all p>0.05) (11,20-30).

The LC/MS profiles of the healthy controls and breast cancer patients

The LC/MS salivary profiles were compared between the BC patients
and healthy controls using XCMS Online, which revealed 534 molecular
features (same m/z and same retention) that were present in both groups.
Among these 534 shared features, significant inter-group differences (up- or
down-regulated, all p<0.05) were observed for 37 molecular features. The
present study focused on up-regulated metabolites, and 1 ion was ignored
because it was down-regulated in the BC patients. Thus, the chromatograms
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for the 36 corresponding ions were manually evaluated, which confirmed that
35 ions were up-regulated and 1 ion was excluded because did not
correspond to a chromatographic peak. The molecular weights of all known
medications were compared to each up-regulated ion (according to charge
state) in order to confirm that they were not prescribed medications or their
metabolites (Supplementary Table 3). The proposed metabolite names were
also screened using the METLIN database, which identified 4 of the 35 ions
as potentially being drugs or phytochemical compounds. These compounds
corresponded to dioscin (an antifungal agent), desglucomusennin (a
phytochemical compound), donepezil (an oral medication used to treat
Alzheimer's disease) and dilazep (a vasodilator). Tetrahydrogambogic acid
was excluded because it is a compound isolated from fruits. (Table 2, lines 1—
5).

Among the 31 remaining ions, the METLIN database proposed a
putative identification for 13 metabolites (7 oligopeptides and 6
glycerophospholipids) based on the experimental m/z and charge state (Table
2, lines 5-17). Supplementary Figure 1 shows the chromatograms for these
ions. The characteristics of the 18 unidentified up-related ions (LC retention,
fold change between the patient and control groups, and p-value) are shown
in Supplementary Table 4.



Table 2: Identified ions in Metlin database

Retention

fold

o - Raw Putative METLIN Mw g/mole
m/z timein change | ‘ | dentificati b
value ormula identification .
HPLC (a) (b) (error in ppm)
1 380.22 3 1.8 0.03 C24H29NO3 donazepil 379.2147 (1)
dioscin or
2 457.23 25 3.1 0.003  CasH72016 . 868.482 (1)
desglucomusenin
dilazep OR Thr-Trp-
3 622.33 3.1 23 0.04  Csz2Ha0NsOs  Trp- (lle/Leu) OR Pro- 604.3009 (1)
Arg-Arg-Arg
Tetrahydrogambogic
4 633.34 3.0 2.2 0.02 C3sH4s0s8 . 632.3349 (1)
acid
5 440.23 3.4 3.7 0.03  CisH31N9Os Arg-Arg-Ser 417.2448 (3)
His-Lys-(Ala-Ser) or
6 442.24 3.1 21 0.01  CisHs1N7Oe 441.2335 (1)
(Gly-Thr)
Ala-Lys-Phe-Trp OR
C26H31NsO05
7 543.23 54.8 2.2 0.03 s Gly-Lys-Thr-Ser OR 525.2045 (1)
Arg-Arg-Ser-Ser
8 585.31 15.7 3.1 0.02  C26H42NgOse Phe-lle-GIn-Arg 562.3227 (2)
Glu-Phe-GIn-Arg OR
9 596.31 3.0 2.7 0.03  C25H3sNsOs 578.2812 (1)
lle-Lys-GIn-Trp
Phe-Lys-Lys-Trp or
10 630.33 3.1 19 0.04  Csz2HasN7Os 607.3482 (1)
Phe-GIn-Arg-Tyr
11 644.31 3.0 3.0 0.02  Csz4HssNeOs Phe-Phe-GIn-Trp 626.2852 (1)
12 669.42 36.9 21 0.04 CssHe7O7P PA 32:1 (c) 630.4624 (5)
C34HesNO10
13 718.39 19.4 6.3 0.01 5 PS 28:0 (c) 679.4423 (9)
14 817.46 2.4 35 0.04  CaoH75012P PI 31:1 (c) 778.4996 (9)
Ca6H78NO10
15 874.49 25 2.9 0.03 S PS 40:6 (c) 835.5362 (7)
16 919.47 3.0 25 0.02  Ca7H77013P PI1 38:7 (c) 880.5101 (1)
17 533.22 25 24 0.01 C23H4309P PG 14:2 (c) 494.2644 (1)

170
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(a) Increasing fold change between the group of patients and of controls

(b) Metabolites putatively annotated according to results in METLIN database (add
reference)

(c) The lipids and phospholipids were annotated according to the recommendation of
Liebisch et al (journal of lipid research 2003)

Subgroup analyses of the LC/MS profiles

Subgroup analyses were performed according to the various molecular
subgroupings of the BC samples (Ki-67: <20% vs. >20%, ER: 210% vs. <10%,
Grade 1-2 vs. Grade 3, and HER2-positive vs. HER2-negative), as well as
comparisons of the subgroups with the control group. The results of these
subgroup analyses are shown in Figure 1. Table 3 shows the distributions of
the 13 identified and up-regulated ions and its related pathways, which were
not detected in the following subgroups: luminal B HER2-negative, HER2-
positive, and triple-negative.

Control x ER <10 Control total x luminal B HER 2 positive cases
Control vs patient

109

14

Control total x luminal A 0 Luminal B HER2 negative cases
cases

53

Control x ER > 10%

Control total x triplo negative
cases

C D E

Control vs patient Control x grade 1 and 2 Control vs patient Control x KI 67 > 20 Control total x HER2 positive Control total x HER2 negative

23

Control x grade 3 Control x KI-67 < 20 Control x patient

Figure 1: Venn Diagrams of subgroup analysis. A) Green circle Pairwise job of 35 HC vs
23 BC cases, Blue circle: Pairwise job of 35 HC vs 9 BC cases with ER<10%, Red circle:
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Pairwise job of 35 HC vs 14 BC cases with ER> 10%. 22 ions present in ER>10% group. B)
Green circle: Pairwise job of 35 HC vs 7 Luminal A BC cases, Blue circle: pairwise job of 35
HC vs 6 BC with Luminal B HER2 positive BC cases, Red circle: Pairwise job of 35 HC vs 2
Luminal B HER2 negative BC cases, Yellow circle: Pairwise job of 35 HC and 5 HER2
positive BC group, Orange circle: Pairwise job of 35 HC and 3 triple negative BC patients: 2
ions present in luminal A cases, 109 ions in luminal B HER2 positive cases, 84 in luminal B
HER2 negative cases, 1 in HER2 group and 21 in triple negative cases. C) Green circle:
Pairwise job of 35 HC vs 23 BC patients, Blue circle: Pairwise job of 35 HC vs 15 BC patients
Grade 1 and grade 2, Red: Pairwise job of 35 HC vs 5 BC grade 3. 20 ions present in grade 1
& grade 2 group. D) Green circle Pairwise job of 35 HC vs 23 BC patients , Blue circle:
Pairwise job in 35 HC vs 10 BC with Ki67>20%, Red circle: Pairwise job of 35 HC vs 13 BC
with Ki 67 <20%: 7 ions present in Ki 67>20% group. E) Green circle: Pairwise job of 35 HC
vs 23 BC patients, Blue circle: Pairwise job of 35 HC and 12 HER2 negative breast cancer
cases, Red circle: Pairwise job of 35 HC and 11 HER2 positive breast cancer cases. 20 ions

in HER2 negative BC cases.



Table 3: Subgroup analysis and pathways.
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ER>1 Grade 1 Her2 Ki67>20 Luminal B
METLIN identification Related Pathway
&2 negative HER2 +
440.23 Arg-Arg-Ser N/S Up Up up up
442.24 His-Lys-(Ala-Ser) or (Gly-Thr) N/S up up up
Ala-Lys-Phe-Trp or Gly-Lys-Thr-Ser or Arg-
543.23 Y P i 9 N/S Up up
Arg-Ser-Ser
585.31 Phe-lle-GIn-Arg N/S Up up
596.31 Glu-Phe-GIn-Arg or lle-Lys-GIn-Trp N/S
630.33 Phe-Lys-Lys-Trp or Phe-GIn-Arg-Tyr N/S up up
644.31 Phe-Phe-GIn-Trp N/S
Triacylglycerol Biosynthesis
cardiolipin biosynthesis; glycerophospholipid
669.42 PA 32:1 (c) P Y gy prosphotp up up
metabolism
phosphatidylcholine biosynthesis,
718.39 PS 28:0 (c) up up up

phosphatidylethanolamine biosynthesis,

Glycerophospholipid metabolism and Lipid metabolism
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pathway

817.46 P131:1 (c) up up

phosphatidylcholine biosynthesis,
phosphatidylethanolamine biosynthesis,
874.49 PS 40:6 (c) Glycerophospholipid metabolism and Lipid metabolism
pathway

Lysolipid incorporation into ER pathway,
phosphatidylcholine biosynthesis,
phosphatidylethanolamine biosynthesis,
919.47 P138:7 (c) Glycerophospholipid metabolism and Lipid metabolism up
pathway

glycerophospholipid metabolism
533.22 PG 14:2 (c) up up up up

ER: estrogen receptor; N/S: not searched, PA: phosphatidic acid; PS: phosphatidylserine; Pl : phosphatidylinositol, PG: phosphatidylglycerol

c- The lipids and phospholipids were annotated according to the recommendation of Liebisch et al (journal of lipid research 2003)
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Comparing the LC/MS profiles before and after systemic treatments

Saliva samples were also evaluated from before and after the systemic
treatment of 10 patients (8 cases involved neo-adjuvant treatment and 2
cases involved palliative treatment). All 10 patients experienced at least
partial treatment response and none experienced disease progression. The
patients’ characteristics, treatments, and responses are listed in
Supplementary Table 5. The control results were also compared to the
patients’ pre-treatment and post-treatment results (Figure 2). The 227 ions
with altered pre-treatment regulation were searched for the 13 previously
identified ions, which confirmed that 4 of the identified ions were up-related
before treatment and were not up-related after treatment. These ions with pre-
treatment up-regulation were m/z 440.23 (Arg-Arg-Ser), M/z 533.22 (PG14:2),
m/z 543.23 (Ala-Lys-Phe-Trp or Gly-Lys-Thr-Ser or Arg-Arg-Ser-Ser) and m/z
630.33 (Phe-Lys-Lys-Trp or Phe-GIn-Arg-Tyr).

The ROC curve analysis

The ROC curves were analyzed to identify the optimal cut-off values for
the salivary metabolites, and the sensitivity, specificity, and optimal cut-off
values are listed in Table 4. Among the six identified lipids, the only significant
difference in the AUC values was observed between PG14:2 and PA32:1
(p=0.0434). Supplementary Figure 2 shows the ROC curves for the lipids with
the highest AUC values (PG14:2 and P138:7).
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Controls total x before treatment Controls total x cases after treatment

Figure 2: Venn Diagrams corresponding of comparison of LC/MS profiles before and
after treatment. The green circle: all metabolites found in pairwise job of all 35 healthy
controls vs 10 breast cancer patients before treatment. The blue circle represents all
metabolites found in pairwise job of all 35 healthy controls vs 10 breast cancer patients after
treatment. 245 ions in common among the “patients” in the group “before” and “after
treatment” that did not change with the treatment. 227 ions were up or down regulated only

before and were not present after treatment. 314 ions were only present after treatment.
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Table 4: Values of the ROC curves analysis of lipids

Metabolites  AUC Cl 95% Optimal Sensitivity Cl 95% Specificity Cl95 %
cutoff value

PG14:2 0.7329  0.5962- 19325.80 65.22% 42.77% — 77.14% 59.86% -
0.8697 83.62% 89.58%

PA 32:1 0.5988  0.4319- 1915.30 60.87% 38.54% - 60.00% 42.11%-
0.7656 80.29% 76.23%

PS 28:0 0.6273  0.4644- 25012.90 47.83% 26.82%- 88.57% 73.26%-
0.7902 69.41% 96.80%

PI31:1 0.5876  0.4250- 37403.88 43.48% 23.19%- 82.86% 66.35%-
0.7502 65.51% 93.44%

PS 40:6 0.5950 0.4357- 12784.24 56.52% 34.49%- 57.14% 39.35%-
0.7544 76.81% 73.68%

Pl 38:7 0.6609 0.5132- 1951.16 60.87% 38.54%- 71.43% 53.70%-
0.8085 80.29% 85.36%

AUC: area under curve, Cl: confidence interval.

4. DISCUSSION

The goal of metabolomics is to use a high-throughput system to identify
and quantify endogenous and exogenous small-molecule metabolites in a
biological system. The approach to metabolomic experiments can be
untargeted or targeted, with targeted metabolomics (“biased or directed
metabolomics” or “metabolic profiling”) focusing on either a pre-determined
set of metabolites or a specific chemical class of small molecules (20,31,32).
Untargeted metabolomics (‘unbiased or undirected metabolomics” or
“metabolic fingerprinting”) aims to detect as many metabolites as possible in a

sample, in order to classify phenotypes based on metabolite patterns, which is
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a hypothesis-generating approach that is well-suited for biomarker Discovery
(11,13,33,34).The present study used an untargeted metabolomics approach
to identify salivary metabolites that could help differentiate between BC

patients and healthy controls.

Blood and saliva contain similar constituents, although saliva is a less
expensive, simpler, and non-invasively collected diagnostic material.®®
Substances can pass through the epithelial membranes via several
mechanisms, including a passive diffusion process (for highly lipid-soluble
molecules), an active process against a concentration gradient (electrolytes,
IgA), and ultrafiltration through membrane pores (small polar molecules with a
molecular weight of <300 Da) (36). Based on these traits, we separated
biomolecules in the patients’ saliva using liquid chromatography (LC) and
ionization, with MS to determine the m/z ratios of the ions that were derived
by fragmenting the ionized parent compound. The full mass spectrums were
then analyzed using a bioinformatics tool (XCMS Online), which identified
differences in various key metabolites. We found that 31 ions were up-
regulated in BC patients and potentially identified 13 ions, which included 7

oligopeptides and 6 lipids.

Tumor cells have dramatically altered AA uptake and secretion, relative
to normal cells, which accounts for the majority of the carbon-based biomass
production in rapidly proliferating cancer cells (37). In addition, AAs also
contain nitrogen and are the dominant nitrogen source for hexosamines,
nucleotides, and other nitrogenous compounds in rapidly proliferating
cells(37). In this context, Cheng et al. used a targeted approach with UPLC-
MS to evaluate specimens from 27 BC patients, and reported that the BC
patients had higher salivary levels, relative to healthy controls, of arginine,
ornithine, citrulline, alanine, methionine, glutamine, aspartic acid,
phenylalanine, tryptophan, proline, threonine, serine, histidine, leucine, valine,

glutamic acid, and lysine (38).

Sugimoto et al. have also used an untargeted metabolomics approach
with CE-TOF-MS (87 healthy controls, 30 BC patients, 69 oral cancer patients,

and 18 pancreatic cancer patients) (11). Their results identified 28 salivary
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metabolites that were elevated in BC patients (all p<0.05), including 14 AAs
with significantly altered values (e.g., taurine and lysine, p<0.001), although
they did not perform direct identification. Nevertheless, there were no
significant differences in these metabolites when the BC patients were

compared to the patients with other cancers.

Zhong et al. used an untargeted approach with HPLC/MS (30 BC
patients and 25 healthy controls) to identify 18 metabolites, including
phenylalanine, citrulline, and histidine, which were confirmed using standard
samples (34). The present study failed to detect significant differences in
salivary AAs when we compared the BC patients and controls, which conflicts
with the findings of Cheng et al., Zhong et al., and Sugimoto et al. However,
the present study only included 23 cancer patients, while the previous studies
included at least 30 patients, which might partially explain our conflicting
findings. Furthermore, we used UHPLC-Q-TOF/MS, while the previous
studies had used different analytical methods. Moreover, the present study
evaluated Brazilian patients and the previous studies evaluated Asian patients,
which suggests that ethnic differences might also have contributed to our
conflicting findings (39,40). Given the lack of high-quality evidence, further
research is needed to evaluate the relationship between salivary AAs and BC

in larger and more diverse populations.

The de novo biosynthesis of fatty acids is low in normal adult tissues,
although tumorigenesis is associated with a dramatic increase in lipid
production, which has also been confirmed in BC patients (34,41).
Phospholipids are an essential component of the cell membrane, and are
involved in a variety of biological functions, such as division of the cytoplasm,

inter-cell adhesion, and protein storage (42).

Based on our results, we identified six glycerophospholipids that might
be related to BC: PG14:2, PA32:1, PS28:0, PS40:6, PI31:1, and PI38:7. The
PG14:2 phosphatidylglycerol has a phosphoglycerol moiety occupying a
glycerol substitution site, and is related to glycerophospholipid metabolism
(43). The PA32:1 phosphatidic acid is a glycerophosphate with a phosphate

moiety occupying a glycerol substitution site, and is extremely important as an
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intermediate in the biosynthesis of triacylglycerols and phospholipids, which
are related to the cardiolipin biosynthesis pathway(43,44).

Cardiolipin is an important component of the inner mitochondrial
membrane, where it accounts for approximately 20% of the total lipid
composition, and is essential for the optimal function of humerous enzymes
that are involved in mitochondrial energy metabolism, as well as

triacylglycerol biosynthesis (45,46).

The PS28:0 and PS40:6 phosphatidylserines have a phosphorylserine
moiety occupying a glycerol substitution site, and are related to
phosphatidylcholine biosynthesis, phosphatidylethanolamine biosynthesis,
glycerophospholipid metabolism (45).The PI131:1 and P138:7
phosphatidylinositols are key membrane constituents and participate in
essential metabolic processes, both directly and via a number of metabolites
(45). The PI38:7 phosphatidylinositol is related to lysolipid incorporation into to
ER pathway, phosphatidylcholine biosynthesis, phosphatidylethanolamine
biosynthesis and glycerophospholipid metabolism(45).

Zhong et al. used HPLC/MS analysis to identify salivary metabolites
that were significantly elevated in BC patients (34). Their significant findings
included glycerol phospholipid compounds (LysoPC18:2, LysoPC18:1,
PS14:1/16:1, LysoPC16:0, LysoPC22:6, LysoPE18:2/0:0, PC18:1/16:0, and
PE22:0/20:4), a fatty amide (palmitic amide), a sphingolipid
(phytosphingosine), a choline (propionylcholine), and glyceroglycolipids
(MGO0:0/14:0/0:0). Our ROC curve analysis revealed no significant differences
in the metabolites’ areas under the curves, with the exception that PG14:2
was superior to PA32:1 (p=0.0434), and the highest AUC values were
observed for PG14:2 (0.7329) and P138:7 (0.6609).

Zhong et al. also identified high AUC values for predicting BC based on
three up-regulated lipids, including LysoPC18:1 (AUC: 0.92), LysoPC22:6
(AUC: 0.92), and MGO0:0/14:0/0:0 (AUC: 0.929) (34). These higher AUC
values are clearly superior to the values for the lipids that we identified in the
present study. However, the present study compared salivary compounds
from before and after treatment in 10 patients who responded well to
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treatment, and found that 4 ions (3 peptides and PG14:2) were up-regulated
before treatment but subsequently normalized after treatment. While this
subanalysis is clearly limited by the small sample size, the findings suggest
that salivary biomarkers may be useful for monitoring treatment response, and
we believe that ours is the first report to examine the effects on systemic

cancer treatment on salivary metabolite profiles.

The main limitation of this study is the small number of BC patients.
The lack of a standardized saliva collection time may also have influenced our
findings regarding metabolite profiles, as Ishikawa et al. found that the fasting
period can influence the metabolite profile for detecting oral cancer, with an
optimal 12-h fast commencing after dinner (24). Therefore, additional
experimentation and a more targeted analytical approach will be needed to

validate the relevance of the metabolites that we identified.

In conclusion, the present study identified 31 up-regulated ions in BC
patients, and we were able to potentially identify 13 metabolites via the
METLIN database. These 13 ions included 7 peptides and 6 lipids (PG14:2,
PA32:1, PS28:0, PS40:6, PI31:1, and PI38:7). Interestingly, a comparison of
pre-treatment and post-treatment metabolite profiles from 10 patients
revealed that 3 peptides and PG14:2 were up-regulated before treatment and
returned to normal levels after treatment. Thus, while caution must be
exercised when interpreting this finding, it is possible that these metabolites
can be useful biomarkers for BC treatment response. The ROC curve
analyses revealed that the salivary lipids provided good specificity and fair
sensitivity for identifying BC, although a larger cohort of BC patients and
healthy controls is needed to confirm our findings. Nevertheless, we believe
that our results indicate that salivary testing may be useful for the early

diagnosis of BC.
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Supplementary Table 1. Complete subject charactheristics.
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BREAST
HYSTOLOGICAL MOLECULAR ESTROGEN PROEGESTERONE
CANCER AGE MENOPAUSE SMOKING TNM T N GRADE HER2 Kl67 MEDICATION
TYPE SUBTYPE RECEPTOR RECEPTOR
CASES
IDC + micropapillary .
BC1 34 no yes 1A Tlc N1 2 luminal A 60% 90% neg 10% no
component
luminal B HER2
BC2 42 no no IDC v T4a N1 3 95% 95% 3+ 60% no
+
Losartan,
luminal B .
BC3 51 yes no IDC 1A T2 NO 3 0 10% neg 90% meformin,
HER2-
indapamide
BC4 39 no no IDC 1A T2 NO 2 luminal A 80% 80% neg 10% no
BC5 42 no yes IDC 1A Tlc NO 2 luminal A 90% 100% neg 20% no
losartan,
BC6 48 no yes IDC A T2 NO 1 luminal A 100% 1% neg 3-5% Atenolol,
levothyroxine
amlodipine,
BC7 56 yes no IDC 1A T2 NO 3 HER2+ 0 0 3+ 30%
levothyroxine
BC8 68 yes no IDC 1A T1 NO 2 TN 0 0 neg 40% no
luminal B HER2
BC9 42 yes no IDC 1B T4 N1 2 70% 80% 3+ 30% no
+
BC10 37 no no IDC 1B T2 N1 2 luminal A 90% 80% neg 20% no
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BC11 56 yes yes IDC 1B T4 N1 luminal A 95% 80% neg 20% no
luminal B
BC12 35 no no IDC A T2 NO 100% 90% neg 50% no
HER2-
luminal B HER2
BC13 53 yes no IDC 1B T4b N1 100% 90% 3+ 40% no
+
Amlodipine
BC14 47 no no IDC 1B T2 N1 HER2+ neg neg 3+ 10% R L
hidroclorotiazide
luminal B HER2
BC15 71 yes no IDC [\ T3 NO 90% 90% 3+ 50% no
+
BC16 55 no no IDC 1A T2 NO HER2+ neg neg 3+ 50% Captopril
BC17 51 yes no IDC v T4 N3 luminal A 70% 10% neg 20% atenolol
BC18 37 no no IDC 1A T2 NO TN neg neg neg 80% no
luminal B HER2
BC19 51 no no IDC 1B T4 NO 70% neg 3+ 25% Atenolol
+
BC20 53 yes no IDC nc Tad N3 N neg neg neg 30% no
luminal B HER2
BC21 39 no no IDC A T2 NO 95% 97% 3+ 45% no
+
BC22 42 no no IDC v T4 N1 HER2+ neg neg 3+ 70% no
IDC + squamous
BC23 44 no no 5 e 11B T2 NO HER2+ neg neg 3+ 50% no
differentiation
HEALTHY AGE MENOPAUSE SMOKING CHILDBEARING MEDICATION
CONTROL

SUBJECT




S
HC1 28 no no Drospirenone,
etinilestradiol,
omeprazole
HC2 24 no no mebeverine
HC3 35 no no no
HC4 29 no no no
HC5 26 no no Drospirenone,
etinilestradiol,
HC6 26 no no Drospirenone,
etinilestradiol,
HC7 22 no no no
HC8 25 no yes no
HC9 44 no no no
HC10 31 no no no
HC11 50 yes no omeprazole
HC12 31 no no levothyroxine
HC13 47 no no levothyroxine
HC14 22 no no Drospirenone,
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HC15

HC16

HC17

HC18

HC19

HC20

HC21

HC22

HC23

HC24

HC25

HC26

HC27

HC28

HC29

39

31

46

39

37

38

73

55

39

37

74

44

41

55

65

no

no

no

no

no

no

yes

yes

no

no

yes

no

no

yes

yes

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

etinilestradiol,

no

no

no

metformnin

no

metfottmin

no

no

no

atorvastatin

losartan,
levothyroxine,

atorvastatin

no

no

Anlodipina,

telmisartan

Metformin,
sertraline,
etinilestradiol
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HC30

HC31

HC32

HC33

HC34

HC35

BC: breast cancer, IDC: invasive ductal carcinoma, TNM: tumor node metastasis stage, T: tumor, N: node, M: metastasis, HC: healthy control.

54

48

54

54

56

51

yes

yes

yes

yes

yes

yes

no

no

no

no

no

yes

Venlafaxine,
etinilestradiol

no

Losartan,
Hydrochlorothiazid

e, atorvastatin

no

no

no
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Supplementary Table 2. Salivary metabolites previously reported with
molecular weight and M/Z

molecular m/z
metabolites .
weight (M+H)
2-Hydroxypentanoate 117.124 118.12
Dodecanoic acid 200 201.37
N-Acetylneuraminate 309 310.26
N-e-Acetyllysine 188.224 189.23
1,3-Diaminopropane 74.124 75.13
2-hydroxy-4 methylvaleric
_ 132.159 133.16
acid
2-Hydroxy-4-

131.151 132.15

methylpentanoate
2-Hydroxybutanedioate 132.071 133.07
2-Hydroxybutyric acid 104.104 105.10
2-Hydroxyvaleric acid 118.131 119.13
2-Ketobutyric acid 102.088 103.09
3-Hydroxybutyric acid 104.104 105.10
4- Methilbenzoate 135.142 136.14

4-Hydroxyphenylpyruvic
Y yP _ e 180.157 181.16
acid

4-methoxyphenylacetic acid 166.173 167.17
4- 146.207 147.21

Trimethylammoniobutanoic




acid

5-Aminolevulinic acid

6,N6,N6-Trimethyl-L-lysine

7-Methylguanine
Adenosine

Alanyl-Alanine

alpha-Ketoisovaleric acid

Arachidic acid
arginine
Aspartic acid
beta-alanine
betaine
Butyric acid
c-aminobutyric acid
cadaverine
Caproic acid
choline
cis-Aconitate
Citric acid
citrulline
Cystine

Cytosine

131.129

188.267

165.152

267.241

160.171

116.115

312.530

174.201

133.102

89.093

117.146

88.105

103.119

102.178

116.158

104.170

174.108

192.123

175.185

240.3

111.102

132.13

189.27

166.15

268,24

161.17

117.12

313.53

175.20

133.10

90.09

118.15

89.11

104.12

103.18

117.16

105.17

175.11

193.12

176.19

241.30

112.10
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D- alpha-aminobutyric acid 103.119 104.12
Desaminotyrosine 166.173 167.17
diaminopropane 74.124 75.13
Diglycine 132.119 133.12
Ethanolamine 61.083 62.08
Ethanolamine Phosphate 141.063 142.06
formic acid 46.025 47.03
glutamic acid 147.129 148.13
glutamine 146.144 147.14
Glutathione 307.323 308.32
glycine 75.066 76.07
glycolic acid 76.051 77.05
Glycyl-L-leucine 188.22 189.22
Guanine 151.126 152.13
Guanosine 283.240 284.24
heptanoic acid 130.184 131.18
histidine 155.154 156,15
homocysteine 135.185 136.19
Hydrocinnamic acid 150.174 151.17
Hydroxylysine 162.187 163.19
Hypotaurine 109.147 110.15

Hypoxanthine 136.111 137.11




Inosine
isoleucine
Isopropanolamine
L- alpha-aminobutyric acid
L-Alanine
L-carnitine
lactic acid
leucine
Leucinic acid
lysine
LysoPC (16:0)
LysoPC (18:1)
LysoPC (22:6)

LysoPE
(18:2/0:0)

methionine
Myristic acid
N-Acetyl-L-phenylalanine
N-Acetylornithine
N.N-Dimethylglycin
N1 —acetylspermidine
N1l-acetyl-spermine

N1-acetylputrescine

268.226

131.172

75.110

103.119

89.093

161.198

90.077

131.172

132.157

146.187

495.630

521.676

567.694

477.571

149.211

228.370

207.225

174.197

103.121

187.282

244.376

130.188

269.23

132.17

76.11

104.12

90.09

162.20

91.08

132.17

133.16

147.19

496.63

522.68

568.69

478.57

150.21

229.37

208.23

175.20

104.12

188.28

245,38

131.19
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N6-Acetyl-L-lysine
N8-Acetylspermidine
Nicotinic acid
Octanoate
octanoic acid

ornithine

p-hydroxyphenylacetic acid

palmitic amid
phenylalanine
Phenyllactic acid
Phosphoserine
Pipecolic acid
piperidine
proline
putrescine

Pyrroline

hydroxycarboxylic acid
Ribose 5-phosphate

saccharic acid
derivative (N-

Acetylneuraminic acid)
serine

spermidine

188.224

187.282

123.109

143.206

256.424

132.161

152.147

284.477

165.189

166.173

185.072

129.157

85.147

115.130

88.151

129.114

230.110

210.138

105.092

145.245

189.22

188.28

124.11

144 .21

257.42

133.16

153.15

285.48

166.19

167.17

186.07

130.16

86.15

116.13

89.15

130.11

231.11

211.14

106.09

146.25
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spermine

sphingolipid
(phytosphingosine)

taurine

terephthalic acid

threonine
Trimethylamine

Tryptophan
tyrosine
urea
Ureidosuccinic acid
uric acid

valine

202.340

317.514

125.147

166.130

119.119

59.110

204.225

181.188

60.055

176.127

168.110

117.146

203.34

318.51

126.15

167.13

120.12

60.11

205.23

182.19

61.06

177.13

169.11

118.15
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Supplementary Table 3. List of medications used by subjects

Medications molecular I number of cases number of
mass using controls using
losartan 422.91 g/mol  423.91 2 2
metformin 129.16364 130.16 1 2
g/mol

indapamide 365.835 g/mol  366.83 1 0
Mebeverine 429.6 g/mol 430.6 0 1
Sertraline 306.229 g/mol  307.22 0 1
Clonazepam 315.715g-mol 316.71 0 0
valsartan 435,519 g/mol  436.51 0 0
levothyroxine 776'87_‘11 gmol . &7 2 3
amlodipine 408.879 g/mol  409.87 2 1
Hydrochlorothiazide  297.74 g/mol  298.74 1 1
Captopril 217.29 g/mol  218.29 1 0
Atenolol 266.336 g/mo  267.33 3 0
drospirenone 366.493 g/mol  367.49 0 1
Omeprazole 345.42 g/mol  346.42 0 2
venlafaxine 277.402 g/mol  278.40 0 1
telmisartan 514.617 g/mol  515.61 0 1
ethinylestradiol 296.403 g/mol  297.40 0 3
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Supplementary Table 4. Unidentified ion statistically overexpressed in patients with

breast cancer

fold
iz Reten:er\;lme in change o-value
(a)

356.69 3.7 5.8 0.02
413.22 2.6 2.0 0.03
456.72 2.6 3.3 0.002
457.73 25 2.8 0.02
467.20 3.0 2.3 0.02
467.71 2.8 3.3 0.01
475.70 2.6 34 0.002
534.23 25 19 0.04
594.82 3.0 2.2 0.04
602.32 2.7 3.5 0.04
602.96 3.1 2.5 0.01
614.32 2.6 24 0.01
614.82 2.8 3.0 0.04
661.34 3.0 2.7 0.04
749.4 3.0 2.3 0.02
818.47 24 3.2 0.04
875.49 2.5 2.8 0.04
1,015.04 3.1 24 0.03

.HPLC : high performance liquid chromatography; (a) Increasing fold change between the

group of patients and of controls



Supplementary Table 5. Treatment characteristics
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Breast
cancer TNM T N Grade Molecular subtype Treatment response
cases
BC3 A T2 NO 3 luminal B HER2- NACT: AC x 4 cycles- paclitaxel CR
BC9 A T2 NO 3 HER2+ NACT: Docetaxel + carboplatin + trastuzumabe PR
BC10 1A T1 NO 2 TN NACT: AC x 4 cycles- carboplatin and paclitaxel PR
BC13 B T4 N1 2 luminal A NACT PR
NACT: AC x 4 cycles- paclitaxel+ pertuzumabe +
BC19 A T2 NO 3 HER2+ CR
trastuzumabe x 4 cycles
BC20 IV T4 N3 1 luminal A Paliative tamoxifen PR
BC21 A T2 NO 3 TN NACT: AC x 4 - paclitaxel CR
) NACT: AC x 4 cycles- Docetaxel + pertuzumabe +
BC24 A T2 NO 2 luminal B HER2 + CR
trastuzumabe
Paliative treatment: Docetaxel + Pertuzumab+
BC25 \Y) T4 N1 3 HER2+ PR
trastuzumabx 6 cycles
NACT: AC x 4 cycles- paclitaxel+ pertuzumabe +
BC26 1B T2 NO 3 HER2+ CR

trastuzumabe x 4 cycles
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BC: breast cancer, T: tumor, N: node, M: metastasis; TNM: Tumor Node Mestastasis system from the 7t edition of the American
Joint Committee on Cancer guidelines.; NACT: neo-adjuvant chemotherapy; AC: doxorrubicin plus cyclophosphamide; CR:

complete response; PR: partial response, TN: triple negative;
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Supplementary Figure 1. Box and Whispers corresponding to the areas of the
identified compounds in the two groups (control and patients). Am/z 718.4, B m/z
533.2, C: m/z 874.5, D: m/z 919.5, E m/z 817.5, F m/z 669.4
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Supplementary Figure 2. ROC curves for PI1 38:7 (AUC 0.6609, sensitivity 60.87% and
specificity 71.43%) and PG 14:2 (AUC 0.7329, sensitivity 65.22% and specificity 77.14%)



205

3 DISCUSSION

A biomarker-based test has clinical utility if it demonstrates a favorable
balance of benefits against harms. If clinical care options result in similar
patient survival, biomarker tests may still have clinical utility if they direct care
to options that result in improved quality of life (eg, less toxicity or
inconvenience) or lower cost(89). A new biomarker test should contribute
clinically with useful information beyond that already provided by standardly
used clinical or pathologic indicators, unless the new test can provide
equivalent information at a lower cost, less invasively, or with less
inconvenience or risk(17). CEA (18), CA 15-3, and CA 27-29 may be used as
adjunctive assessments to contribute to decisions regarding therapy for
metastatic breast cancer(17). Data are insufficient to recommend use of CEA,
CA 15-3, and CA 27-29 alone for monitoring response to treatment or

diagnosis(90).

In the last decade, saliva emerged as a source of biochemical data,
able to detect chronic diseases, as it may contain real-time information
describing the overall physiological condition (91). The discovery of
biomarkers in oral fluids allows the identification of molecules that can provide
valuable information for the screening, detection and monitoring for solid
tumors such as breast cancer (50, 77, 92). Despite promising emerging
results, further research is needed in this area so that saliva can be effectively
implemented in clinical practice as diagnostic fluid(93). There are few studies
reporting the use of saliva for breast cancer detection(94). They identify and
guantify cancer related proteins in saliva that were previously detected in
serum and these first studies provide rational for the studies of saliva in

cancer diagnosis(95).

The first article investigated the expression of CA15-3 protein in saliva
and blood of breast cancer patients as a potential complementary strategy for
diagnosis, prediction of disease progression and monitoring treatment
efficacy. The gold standard for breast cancer screening and diagnosis, which
consists of mammography and breast biopsy, respectively, entails significant

limitations such as high cost and morbidity. Therefore, less inconvenient
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procedures to ensure a safe technique should be developed. Moreover, it
should be applied at all stages of breast cancer: screening, diagnosis,
treatment and monitoring for metastasis prediction (123, 124). This unmet
need to find an ideal biomarker for breast cancer may explain the large

number of studies that have been addressing this theme since the year 1999.

CA15-3 is a large, often overexpressed and aberrantly glycosylated
transmembrane protein in cancer that appears to play a role in cell adhesion
(127). 1t is the most commonly used serum marker to detect breast cancer
recurrence and to monitor the treatment of patients with advanced disease,
since its expression increases in most cases (128). Circulating levels of
CA15-3 have been shown to correlate with tumor size, reflecting the stage of
the disease (129, 130). ECLIA is currently the most widely used technique for
the processing of serum CA15-3, as it has high sensitivity and specificity as
an analytical tool. Salivary evaluation of CA15-3 is more commonly performed
in the context of clinical research by the ELISA technique.

We evaluated three methods ELISA, CLIA, and ECLIA for quantifying
the concentration of CA15-3 in saliva and blood of patients with breast cancer.
CLIA and ECLIA are used routinely in clinical exams for evaluation of serum
tumor markers and sorology of viral infectious agents and for these reason
those techniques were chosen for evaluate salivary CA15-3 (96). There are
no previous reports of the use of CLIA and ECLIA in saliva. ECLIA and CLIA
do not require long incubations and the addition of stopping reagents, as
conventional colorimetric assays, such as ELISA, so they have superior low-
end sensitivity, and a faster protocol. A method for detecting CA15-3 in saliva
would be more comfortable and convenient for patients than current serum

analyses that require venipuncture.

There was no significant difference between mean serum and salivary
CA15-3 levels in patients comparing with healthy controls. However, the mean
values for CA15-3 in serum were higher in breast cancer patients. There was
a moderate correlation between salivary and serum CA15-3 levels in breast
cancer patients while it was measured by ELISA (r =0.56, p =0.0047). The
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results showed that ECLIA is not a good method to detect salivary CA15-3,
although it is the golden standard for serum CA15-3.

Agha-Hosseini et al. evaluated the association between serum and
salivary levels of CA15-3 and compared them between 26 women with breast
cancer and 35 healthy women. Using the enzyme immunoassay assay on
serum and salivary samples, the authors found that CA15-3 levels in blood
and saliva were significantly higher in cancer patients, with a significant
positive correlation between serum CA15-3 and saliva concentrations,
suggesting the potential use of salivary CA15-3 in the initial detection of
breast cancer (69). As with the study by Agha-Hosseini et al., Colomer et al.
(95), Streckfus et al. (71, 101), Azeez et al. (132), Irfan et al. (133) and Atoum
et al. (134) found similar results, with significant difference between serum

and/ or salivary CA15-3 of breast cancer patients and healthy controls.

The reasons that could explain these different results could be:
methodological differences, use of different kits and reagents, sample size,
non-standard or non-reproducible assays, and misleading statistical analyzes.
It is true that CA15-3 is expressed in saliva, however, we could not
demonstrate in the present study that ECLIA, CLIA or ELISA techniques are
able to discriminate cases from controls, although the mean values for CA15-

3 in serum and saliva were higher in breast cancer patients.

The data found in the first article confirm the possibility of using saliva
as a diagnostic fluid, due to the expression of CA15-3 in it. However, the fact
that salivary CA15-3 values obtained by different methods do not correlate
with serum CA15-3, except for the ELISA method in breast cancer patients,
limits the use of this biomarker dosage in saliva for diagnostic and disease
monitoring purposes. Future research should include more patients and

different methods to determine which one is most appropriate.

The second article was a systematic review on salivary metabolites in
cancer patients. The cancer researches through metabolomics could reveal
new biomarkers that may be useful for future diagnosis, prognosis and
therapy. The review aimed to evaluate salivary metabolites and their

diagnostic value in cancer patients. Five electronic databases were searched.
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Among 1,151 identified studies, 25 were included. 13 and 12 studies used
targeted and untargeted metabolomics approaches, respectively to identify
the value of salivary metabolites in diagnosing cancer. Among 140 salivary
metabolites that demonstrated statistically significant differences between
cancer patients and healthy controls, 46 were amino acids. Combinations of
certain metabolites showed excellent sensitivity and specificity in the

diagnosis of breast and oral cancers.

The process of oncogenesis is dependent on AA, the building blocks
for protein synthesis, and a source of energy and metabolites. The essential
AA may either be used for protein synthesis or be oxidized for the energy
needs of tumors. In this review, 46 described metabolites were AA. All the
branched-chain (essential) AAs were among those described in this review.
Among the studies on breast cancer, the metabolites were only identified in
Asian populations in 3 studies. In the study by Sugimoto et al., the ethnicity of
the patients were not specified; therefore, these metabolites may not be
generalized to all populations with BC(97).

The review showed that the majority of studies that used untargeted
metabolomic approach did not make a further confirmation of the metabolites
identified. There are few studies to evaluate metabolomics in untargeted
approach for breast cancer and few studies included more than 50 subjects in
each group. We believe that the study makes a significant contribution to the
literature because although the metabolomics profiling approach is becoming
increasingly popular, its value in the diagnosis of cancer has not been well
investigated. In particular, salivary metabolomics provides a non-invasive
approach, and the site of sample collection is easily accessible. It is therefore

suitable for both, the early diagnosis and follow-up of patients with cancer.

In the third article, salivary metabolites of patients with breast cancer
were determined using untargeted metabolomics. This prospective study
evaluated saliva samples obtained from 23 breast cancer patients and 35
healthy controls, which were subjected to liquid chromatography and mass
spectrometry. The results were processed using an online bioinformatics tool

and some ions were identified using the METLIN database. We found that a
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total of 31 ions were up-regulated in the breast cancer group, including 7
oligopeptides and 6 glycerophospholipids.

Peptides and AAs are derived from various sources, such as
fragmented proteins from incomplete breakdown products of protein digestion
or protein catabolism. Some peptides are known to have physiological or cell
signaling effects, although most are simply short-lived intermediates on their
way to specific AA degradation pathways following additional proteolysis, in
addition, they may be the product of incomplete digestion or protein

catabolism (98).

The results revealed no difference in salivary AAs between patients
and controls, opposite to that sohwn by Cheng et al., Zhong et al., and
Sugimoto et al.(52, 81, 99) All listed studies included at least 30 patients.
Ours included 23, so this coud be one reason for divergent results. The
methods of the three studies also were different from Ultra High Performance
Liquid Chromatography-quadrupole time-of-flight mass spectrometry analysis
used in our study. Finally, those three studies included Asiatic subjects, while
ours included ocidental subjects. It is well described that metabolism can be
different among different ethnic groups, so this could have impacted the
analysis(100, 101). Since the available evidence is still scarce and the few
studies in BC patients have small samples, further research in different

populations is necessary.

Furthermore, we evaluated pre-treatment and post-treatment samples
from a subset of 10 patients who experienced response to systemic treatment,
which revealed that 4 ions (3 peptides and a glycerophospholipid) were up-
regulated before treatment but not after treatment. Receiver operating
characteristic curve analysis revealed that the salivary lipids provided good
specificity and fair sensitivity for identifying breast cancer, although further
large-scale studies are needed to validate our findings. Nevertheless, we
believe that these results may be useful for guiding the implementation of
metabolomics for identifying breast cancer and facilitating early intervention.
This study makes a significant contribution since early identification and

treatment of breast cancer is important to improve outcomes, although the
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reference standard is breast biopsy and histotopathology studies. Thus, a
simpler and less invasive tool would be useful. Saliva samples can be
subjected to metabolomic analysis to identify changes in biomolecules, which

may be useful in this setting.

One of the major questions regarding salivary biomarker is how large
proteins enter the saliva proper because many proteins are too large to pass
through the intercellular spaces of the acinar cells(102). Exosome-like
microvesicles could be the underlying mechanism by which proteins enter
saliva(103). Exosomes are membrane bound extra cellular vesicles that
originate from late endosome, ranging in size from 30 to 150 nano meter that
are released from several types of the cells and can be found circulating in
almost all biological fluids(104). It is known that exosomes carry different
molecular components of the cells from which they originate and can include
proteins, lipids, microRNA and mRNA(105).- The exosomes proteins can be
either enclosed within the vesicles or present on surface membrane. Breast
cancer exosomes interacts with cells of salivary gland, which in turn change
the composition of salivary gland cell derived exosomes both proteomically
and transcriptomically(106). Using an in vitro breast cancer model, Lau et al.,
demonstrated that breast cancer-derived exosome-like microvesicles are
capable of interacting with salivary gland cells, altering the composition of
their secreted exosome-like microvesicles and communicated and activated

the transcriptional activity of the salivar glands(107).

Our long-term goal is to develop a noninvasive saliva-based tool for
early detection of breast cancer. We envision a clinical context in which a
salivary test can enable clinicians to detect breast cancer earlier (identifying
patients who warrant closer follow-up and additional imaging) and reduce the
number of unnecessary biopsies. Metabolomics studies may be useful to
determination of this biomarker for breast cancer screnning and early

detection.
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4 CONCLUSION

From the three articles developed we can conclude that serum CA15-3
values were higher in breast cancer patients, but not for salivary CA15-3.
ECLIA was not a good method to detect salivary CA15-3, although it is the
golden standard for detecting serum CA15-3. In breast cancer patients, we
observed a correlation between serum and salivary CA15-3 detected by
ELISA. CA15-3 concentrations were highest in stage IV and luminal breast
cancer subtypes. Further investigations are needed to confirm the capability

of detection of salivary CA15-3 and its correlation to serum CA15-3.

Twenty five studies that utilized targeted and untargeted metabolomics
approaches to identify the value of salivary metabolites in diagnosing cancer
were included in a systematic review. Among 140 salivary metabolites that
demonstrated statistically significant differences between cancer patients and
healthy controls, 46 were AA. Proline, threonine, and histidine in combination
demonstrated excellent sensitivity and specificity for diagnosing breast cancer.
The highest DTA for diagnosing breast cancer was for MG (0:0/14:0/0:0).

LC/MS profiles of saliva of 23 breast cancer patients and 35 healthy
controls by XCMS online were evaluated, in an untargeted approach. From
the 31 up regulated ions, 13 metabolites had a possible identification in Metlin
database: 7 peptides and 6 lipids (PG14:2, PA32:1, PS 28:0, PS 40:6, PI31:1
and PI38:7). Metabolite profiles before and after treatment in 10 patients, who
had at least a partial response, showed that 3 peptides and PG 14:2 that were
up-regulated before, returned to levels similar to healthy controls after
treatment. Although the subgroup analysis of treatment is limited due to the
few samples analysed, the search of a biomarker of response is extremely
attractive.

In summary, we found that saliva is a fluid for researching breast
cancer tumor markers and deserves further study. We do not expect fluid
tumor marker search to replace standard screening and diagnostic methods
with physical examination, mammography and biopsy. However, we can
envision a possible scenario in which a new salivary test may increase the

ability to detect breast cancer early when it is still curable with existing
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treatments. Research on biomarkers in saliva may prove to be as useful as
research on biomarkers in blood. Further studies to compare the metabolite
profiles obtained concurrently from saliva, blood and cancer tissue is needed

to provide rational evidence for the systemic metabolite links.
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APPENDIX -APPROVAL OF THE ETHICS COMMITTEE

UNB - FACULDADE DE { Ploboforma
CIENCIAS DA SAUDE 2:9!

Confinuaslio do Parecer: 1.767.138
Metodologia:

- “A coleta da saliva sera realizada apos o diagnastico histopatologico de neoplasia de mama, cancer do
colo do datero e cancer de cabega e pescogo, além dos confroles saudéaveis. Os participantes serdo
instruidos a ndo comer, beber, fumar ou realizar procedimentos de higiene oral por pelo menos 1 hora antes
da coleta de saliva. Para a coleta, um colonete de algodao (Salivette®, Sarstedt AG & Co, Numbrecht,
Oberbergischer Kreis, Alemanha) sera inserido na boca dos participantes por um periodo de 5 minutos. A
amostra de saliva sera centrifugada por 10 minutos a 1500 rpm a 4°C. Posteriormente, a saliva sera
transferida para um tubo e diluida (1:1) numa solugao salina tamponada com fosfato (PBS) (0,4mM de NaCl
& 10mM de NaPO4) contendo inibidores de protease (0,01 mM de EDTA; 0,01 mg/mL de aprotinina A) e
0,05% de Tween-20. A solugdo sera homogeneizada e congelada a -80°C ate o momento das analises.™;
- “As reagbes de ELISA (Ensaio imunoenzimatico) serao realizadas ufilizando os Kits TGF-B1 (DY240,
DuoSet, R&D Systems, Minnsapolis, MM, USA) & IL-10 (DY2117BE, DucSet, R&D Systems, Minneapolis,
MM, USA) de acordo com as especificagdes do fabricante...”;

- "PCR array: Utllizando placas customizadas (SABioscience), serdo avaliades a expressdo de genes
relacionados ao diagnostico do cancer de mama e do cancer de cabega ¢ pescogo, além de 3 genes de
referéncia para normalizagao das reagoes. A reagaoc sera realizada com o sistema ABl StepOnePlus
(SABioscience), utiizando o SYBR® Green gPCR Mastermix (SABicscience), seguindo as recomendagies
do fabricante ”;

- Critério de Inclusdo: "Parficipantes portadores de cancer de cabega e pescogo, cincer de mama & cancer
do colo do utero que coletem a saliva antes do inicio do tratamento sistémico ou radioterapico e que coletem
a saliva apos o fim do fratamento sistémico ou radioterapico.”;

- Critério de Exclusdo: "Paricipantes portadores de cancer de mama, colo do dterc e cabega e pescogo que
farao apenas fratamento cirirgico; - Participantes portadores de cancer de mama, colo do dfero e cabega e
pescogo e participantes do grupo confrole que apresentarem sinais de morbidade, problemas de saude
como doenga autoimune, HIV, alteragdes da fungdo renal, insuficiéncia cardiaca congestiva, infecgdo ativa e
hepatite.”;

Hipotese: “A expressao dos biomarcadores na saliva de paciente com cancer de mama, cancer do colo do
utero e cancer de cabega & pescogo pode ter relevancia diagnastica e sofrer influéncia do tratamento. ™.
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Caninuagho do Parecsr: 1. 767.138

Objetivo da Pesquisa:
Objetivo Primario: "Desenvolver ferramentas eficientes e inovadoras utilizando a saliva como método
diagnéstico para o Cancer.”.

Objetivo Secundario: “- Normalizar as amostras: um estudo preliminar sera realizado para analisar a
variabiidade das amosftras de acordo com o método de amostragem e conservagio salivar; - Quantificar os
marcadores salivares de cancer de mama, do colo do datero e de cabega e pescogo;- Comparar o
desempenho diagnostico dos testes de referéncia (ELISA, gPCR) para a detecgao de marcadores de
proteinas salivares. - Comparar a expressao dos biomarcadores na saliva dos pacientes portadores de
cancer de mama, cancer do colo do atero e cancer de cabega e pescogo antes & apas o tratamento.”.

Avaliagdo dos Riscos e Beneficios:

Riscos: "Os riscos de participar da pesquisa sao muito pequenos. Pode haver desconforto local ou ansia de
vomito decorrentes do contato do algodac com a boca e para minimizar os riscos, o senhor{a) sera
orientado(a) a nao ingerir alimentos ou liquides uma hora antes da coleta da saliva. Caso ocorra qualquer
tipo de reagao, a equipe medica do hospital sempre dara assistencia, para que esses riscos sejam evitados
ou diminuidos. Se voce aceitar parficipar da pesquisa, estara contribuindo para a avaliagio de novas formas
de diagnostico do cancer. Cutro risco do estudo & o de gerar angistia acs participantes quanto ac resultado
da analise de sua saliva. Para reduzir esse risco em qualquer momento, o (a) paricipante podera ter acesso
aos resultados e eles poderdo ser publicados em eventos e revistas cientificas sempre mantendo o sigilo da
sua participagio. Essas estratégias reduzem a possibilidade de danos as diversas dimensdes da pessoa
humana (moral, psicologica, social ou espiritual).”.

Beneficios: “A pesquisa ndo oferece beneficios diretos e imediatos aos participantes, mas como beneficios
futuros, espera-se que a pesquisa permita avaliar uma nova técnica diagnastica nao invasiva para os
tumeores malignos de mama, colo do Gtero e cabega e pescogo, tendo em vista que o diagnostico dessas
doengas atualmente & feito por procedimentos invasives de bidépsia com envio do material para analise
histopatolégica.™

Comentdrios e Consideragdes sobre a Pesquisa:
s pesquisadores responderam adequadamente a solicitagio deste CEP, conforme elencado no
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dltimo ponto do parecer - nimero 1.698.527, emitido em 26 de agosto de 2016 (Consideragbes finais a
critério do CEP), enviando carta resposta, com as devidas informagdes e apontamentos necessarios para a
analise do projeto.

MNao foram observados dbices &ticos.

Consideragdes sobre os Termos de apresentacdo obrigatoria:

Documentos que compdem o processo:

1. Informagdes Basicas do Projeto: *PB_INFORMAGOES_BASICAS_DO_PROJETO_720272.pdf, postado
em J0/06/2016;

2. Folha de rosto: "folhaderosto pdi™, postado em 30/06/2016. Documento devidamente redigido e assinado;
3. Projeto Detalhado / Brochura Investigador: “projetocep docx”, postado em 28/06/2016. Documento
contendo o projeto detalhado do estudo;

4. Qutros: “cettroaceite pdf®, postado em 22/06/2016. Documento devidamente redigido, assinado por uma
das insfituigoes coparticipantes;

5. Cufres: “cacon.pdf”, postado em 21/06/2018. Documento devidamente redigido, assinado por uma das
instituigbes coparticipantes;

6. Qutros: “encaminhamentoaoccep pdf®, postado em 20/06/2016. Documento devidamente redigido e
assinadao.

7. Declaragao de pesquisadores: “compromissopesquisador pdf”, postado em 16/068/2016. Documento
devidamente redigido e assinado;

8. Qutros: “encaminhamentoacCEP docx”, postado em 16/06/2016. Documento devidamente redigido, nio
assinado;

9. Qutros: "CACON docx”, postado em 16/06/201 6. Documento devidamente redigido, ndo assinado;

10. Cutros: “cettro.docx”, postado em 16806/2016. Documento devidamente redigido, ndo assinado;

11. Declaragio de pesquisador: “compromisso_ docx™; postado em 16/06/2016. Documento devidamente
redigido, ndo assinado;

12. Qutros: “siriolibanes doc”, postado em 16/06/2016. Documento devidamente redigido, ndo assinado;

13. Outros: “termosirio. pdf”, postado em 16/06/2016. Documento devidamente redigido e
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assinado;

14, Qutros: “adrianacastelo.pdf, postado em 16/06/2016. Curriculo Lates de pesquisador do projefo;

15. Outros: *tafianastrava.pdf”, postado em 31/06/2016. Curriculo Lates de pesguisador do projeto;

16. Outros: “perola_pdf, postado em 31/06/2016. Curriculo Lates de pesquisador do projeto;

17. Qutros: “eliete_pdf”, postado em 31/06/2016. Curriculo Lates de pesquisador do projeto;

18. Qutros: “gabrnel pdf”, postado em 31/06/2016. Curriculo Lates de pesquisador do projeto;

18, Qutros: “yanna.pdf”, postado em 31/06/2016. Curriculo Lates de pesquisador do projeto;

20. Outros: “anacarolina.pdf”, pestado em 31/06/2016. Curriculo Lates de pesquisador do projeto;

21. Outros: “elisa_pdf”, postado em 31/06/2016. Curriculo Lates de pesquisador do projeio;

22. Qutros: "danielaxavierassad. pdf”, postado em 31/06/2016. Curriculo Lates de pesquisador do projeto;
23. TCLE f Termos de Assentimento / Justificativa de Auséncia: "TCLE.docx”, postado em 31/06/2016.
Consideragbes sobre o documento serfio realizadas em se¢io posterior;

24. Orgamento: "Orcamento.docx”, postado em 30/05/2016. Documento contendo planilha orgamentaria
detalhada;

25. Cronograma: “CRONOGRAMA docx”, postado em 30/05/2016. Documento contendo cronograma
detalhado.

Documentos incluidos ao processo apds parecer n® 1.645.876, emitido em 23/07/2016:

1. InformagGes Basicas do Projeto: “PB_INFORMAGOES_BASICAS_DO_PROJETO_720272.pdf”,
postado em 02/08/2016;

2. TCLE / Termos de Assentimento / Justificativa de Auséncia: "TCLE. docx™, postado em 02/06/2016.
Consideragdes sobre o documento serdo realizadas em secgio posterior;

3. Qufros: “cartarespostaaccep.pdi®, postada em 02/08/2016. Documento contendo carta resposta ao
parecer consubstanciado emitido em 23/07/2016;

4. Projeto Detalhado / Brochura Investigador: "projetocep.docx”, postado em 02/06/2016. Documento
contendo o projeto detalhado do estudo.
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Documentos incluides ao processo apos parecer consubstanciado n® 1.698 527, emifide em 26 de agosto de
2016:

1. Informagdes Basicas do Projeto: “PE_INFORMAGOES_BASICAS_DO_PROJETO_720272 pdf, postado
em 19/09/2016;

2. Qutros: “cartarespostaaocep.pdi”, postada em 19/08/2016. Documento contendo carta resposta ao
parecer consubstanciado emitido em 26/08/2016;

3. Qutres: “carfarespostaacapospendenciasCEP .docx”, postada em 19/08/2016. Documento contendo carta
resposta ao parecer consubstanciado emitido em 26/08/2016;

4_ Projeto Detalhado / Brochura Investigador: “projetocep docx”, postado em 19/09/2016. Documento
contendo o projeto detalhade do estudo;

5. TCLE J Termos de Assentimento f Justificativa de Auséncia: "TCLE .docx”, postado em 19/09/2016.

Consideragoes sobre o documento serao realizadas em segaoc posterior.

Recomendagbes:

M&o se aplica

Conclusdes ou Pendéncias e Lista de Inadequagdes:

1) Os autores definiram como criterios de inclusao: “Participantes portadores de cancer de cabega e
pescogo, cancer de mama € cancer do colo do utero gque coletem a saliva antes do inicio do tratamento
sistémico ou radioterapico e que coletem a saliva apos o fim do tratamento sistémico ou radioterapico; -
Estar de acordo e assinar o Termo de Consentimento Livre e Esclarecido.”. A assinatura do Temmo de
consentimento ndo deve ser considerada critério de inclusdo. Solicita-se revisio desta segio;

Andlise apdés parecer n® 1.645.876, emitide em 23/07/2016, & caria reposta dos pesquisadores:
PEMDENCIA ATENMDIDA. O critério de inclusdo foi adequado.

2) O= autores definiram como riscos do projeto: “0s riscos aos participantes do projeto &0 minimos, pois
sera feito apenas coleta da saliva. Nesse sentido, o método de coleta pode levar a desconforio local ou
nausea decorrentes do contato do cotonete com a mucosa bucal.”. Considerando-se gue, segundo a
Resolugao CNS 466/2012, temn V, "Toda pesquiza com seres humanos envolve risco em tipos e gradages
variados™. E ainda, em seu item 1122, que risco da pesquisa € a "possibilidade de danos a dimenséo fisica,
psiquica, moral, infelectual, social, cultural cu espiritual do ser humano, em qualguer pesquisa e dela

decormrente”. Solicita-se apresentar

Enderago: Faculdads de Ciénciazs da Sadds - Campus Darcy Ribsiro
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andlise de riscos e as formas de minimizagao dos mesmos.Tal revisao deve ser realizada nos projetos
detalhado e na plataforma Brasil e no TCLE.

Analise apos parecer n® 1.645.876, emitido em 23/07/2016, e carla reposta dos pesguisadores:
PENDEMNCIA NAO ATENDIDA. Os autores realizaram modificagdes, no entanto, estas ainda contemplam
somente riscos fisicos da parficipagao do individuo no estudo. Cs pesquisadores sao encorajados a discutir
também as dimensdes “psiguica, moral, intelectual, social, cultural ou espiritual do ser humano”, e as formas
de minimizagao destes riscos, conforme normas vigenies do pais, elencadas no parecer anterior.

Analise apos parecer n® 1.698.527, emitido em 26 de agosto de 2018, e carta reposta dos pesquisadores:
PENDEMNCIA ATENDIDA: os autores informam sobre outros “riscos”, que nio somente os fisicos. As

modificagdes foram satisfatorias, permitindo a aprovagio do projeto.

3) Solicita-se esclarecer a forma de financiamento da Fundagac Universidade de Brasilia. Se for por meio de
Edital, favor incluir o nimero do mesmao.

Andlise apds parecer n® 1.645.876, emitido em 23/07/2016, & carta reposta dos pesguisadores:
PENDENCIA ATENDIDA. Informagao scolicitada foi adicionada ao projeto.

4) Quanto ac TCLE:
a. Solicita-se adequar a linguagem ao perfil dos participantes: linguagem clara, sem termos tecnicos;

Andlise apds parecer n® 1.645.876, emitido em 23/07/2016, & carta reposta dos pesguisadores:
PENDENCIA ATENDIDA. A linguagem se encontra mais adequada ao pablico estudado.

b. Solicita-se acrescentar tempo da pesquisa e de cada fase;

Analise apos parecer n® 1.645.876, emitido em 23/07/2016, e carla reposta dos pesguisadores:
PEMDENCIA ATEMDIDA. A informagéo foi actescentada.

c. Solicita-se revisdo dos riscos e formas de minimiza-los;

Endarego: Faculdads de Ciéncias da Sadde - Campus Darcy Ribsiro
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Andlise apts parecer n® 1.645.876, emitido em 23/07/2016, e cana reposta dos pesguisadores:
PEMDENGCIA PARCIALMENTE ATENDIDA. A andlise de riscos ainda se encontra insatisfatoria (favor levar
em consideragio item 2 das Conclusdes deste parecer).

Andlize apbs parecer n® 1.698.527, emitido em 26 de agosto de 2016, e carta reposta dos pesquisadores:
PENDENCIA ATENDIDA: o= autores informam sobre outros “riscos”, que nao somente os fisicos. As
modificagdes foram satisfatorias, permitindo a aprovagio do projeto.

d. Solicita-se acrescentar informagao sobre indenizagfo de acorde com o item "1I.7 - indenizagao —
cobertura material para reparagao a dano, causado pela pesquisa ao participante da pesquisa”, sendo "11L6 —
dano associado ou decorrente da pesquisa - agravo imediato ou posterior, direto ou indireto, ao individuo ou
a coletividade, decormrente da pesquisa”, conforme Resolugao CNS 466/2012.7;

Andlise apts parecer n® 1.645.876, emitido em 23/07/2016, e cana reposta dos pesguisadores:
PENDENCIA ATENDIDA. A informagao foi acrescentada.

e. Solicita-se correcao de erros de digitagao.

Andlise apbs parecer n® 1.645 876, emitido em 23/07/2016, e carta reposta dos pesquisadores:
PENDENCIA ATENDIDA. Documento foi revisto & adequado. Conclusao da andlise das respostas as
pendéncias do parecer consubstanciado n® 1.645.876, emitido em

23/07/12016.

Conclusaoc: Todas as pendéncias foram atendidas. Nao ha dbices &ticos para a realizagiio deste projeto.
Protocolo de pesquisa estd em conformidade com a Resolugao CHNS 466/2012 e Complementares.

Consideragoes Finais a critério do CEP:
A realizag@o das atividades do projeto estd condicionada & aprovagio pelos CEPs responséveis das
instituigbes co-participantes.

Endersco: Faculdade 8e Cléncias da Salde - Campus Darcy Ribero
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De acordo com a Resclugao 46612 CNS, itens X.1.- 3.b. e X1.2.d, os pesquisadores responséveis deverao
apresentar relatdrios parcial semestral e final do projeto de pesquisa, contados a partir da data de
aprovagao do protocolo de pesquisa.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Angquivo Postagem Autor Situagao
Informagdes Basicas| PE_INFORMACOES_BASICAS_DO_P | 19/03/2016 Aceito
do Projeio ROJETO_T20272 pdi 19:01:53
Qutros canarespostacep. pdf 19/09/2016 |Daniele Xavier Assad| Aceito

19:00:39
Outros cartarespostaacapospendenciasCEP do| 19032016 |Daniele Xavier Assad| Aceito
cx 19:00:15
Projeto Detalhado / | projetocep.docx 18/09/2016 |Daniele Xavier Assad( Aceito
Brochura 184112
|Investigador
TCLE i Termos de | TCLE docx 18/09/2016 |Daniele Xavier Assad( Aceito
Assentimento / 18:40:33
Justificativa de
Auséncia
Qutros cariarespostaaccep. pdf 02/08/2016 |Daniele Xavier Assad| Aceito
20:53:44
Folha de Rosto folhaderosto_ pdf 30V06/2016 |Danigle Xawvier Assad| Aceto
11:58:54
Cutros cettroaceite. pdf 22/06/2016 |Daniele Xavier Assad( Aceito
15:40:21
Qutros cacon.pdf 21/06/2016 |Danigle Xavier Assad| Aceito
15:13:59
Cutros encaminhamentoaocep pdf 20/06/2016 |Daniele Xavier Assad| Aceito
15:34:02
Declaracao de comprimissopesquisador. pdf 16/06/2016 |Daniele Xavier Assad| Aceito
| Pesguisadores 16:25:20
Outros encaminhamentoacCEP . docx 16/06/2016 |Daniele Xavier Assad| Aceito
15:14:49
Cutros CACON docx 16/06/2016 |Daniele Xavier Assad( Aceito
15:12:49
Cutros cettro.docx 16/06/2016 |Daniele Xavier Assad Aceito
15:11:37
Declaragho de COMPromissoe.docx 16/06/2016 |Danigle Xavier Assad| Acerto
Pesquisadores 15:10:24
Cutros ziniolibanes doc 16/06/2016 |Daniele Xavier Assad| Aceito
15:07:28

:  Faculdade de Cidncias da Salde - Campus Darcy Ribaino

Bairre: Aza Nore
UF: OF
TedeTona:

CEP: 70.910-300

Municiple: BRASILLA
(B1)3107-1947

E-mail: ceplsunbigmal com
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Outros termaosinio. pdf 16/06/2016 | Daniele Xavier Assad| Aceito
15:04:37

Outros adrianacastelo. pdf 16/06/2016 |Daniele Xavier Assad| Aceito
11:53:56

Outros tatianastrava.pdf 3110572015 |Daniele Xavier Assad| Aceito
22:06:23

Outros perola_pdf 31/05/2016 |Daniele Xavier Assad| Aceito
22:05:47

Outros eliete_pdf 3102016 |Daniele Xavier Assad| Aceito
22:05:23

Outros gabriel pdf 3102016 |Daniele Xavier Assad| Aceito
22:03:28

Outros yanna.pdf 3102016 |Daniele Xavier Assad| Aceito
22:02:41

Outros anacarclina.pdf 3102016 |Daniele Xavier Assad| Aceito
22:01:20

Outros elisa. pdf 3110572015 |Daniele Xavier Assad| Aceito
22:00:19

Outros danielexavierassad pdf 31/05/2016 |Daniele Xavier Assad| Aceito
21:59:24

Orgamento Crcamento.docx 30052016 |Daniele Xavier Assad| Aceito
20:36:16

Cronograma CRONOGRAMA docx 30052016 |Daniele Xavier Assad| Aceito
20:54:27

Situagdo do Parecer:

Aprovado

Hecessita Apreciagcdo da CONEP:

Mo

BRASILIA, 086 de Outubro de 2016

Aszsinado por:
Keila Elizabeth Fontana
(Coordenador)
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