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== ] Classe di composti organici caratterizzati da alta tensione di vapore a temperatura ambiente

della

Toscana (volatilita)
[ Volatilita: alta tensione di vapore e basso punto di ebollizione.

O 1 VOCs sono responsabili sia di odori che di inquinamento.
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P ey ey g e e crnes « Com pOSti gassosi derivanti

| dal metabolismo (animale,
vegetale) e dall'ambiente

* Presenti in tutti |
compartiment

| dell’'organismo (respiro /

infettate dal virus Sars-CoV-2: oggi la ricerca indaga anche l'aiuto

dell'amico piu fedele dell'uomo, il cane S an g u e / u ri n e / fe C i) .

IL PRIMO STUDIO MULTICENTRICO IN ITALIA

. . . . .
Attraverso il primo studio scientifico multicentrico condotto dall'Universita o C am b I a.n O I n S I tu a.z I O n I

Politecnica delle Marche (UNIVPM), infatti, e emerso come i cani, preparati

da cinofili esperti, semplicemente annusando le persone, possano ato I O i C h e b I H h H I H
rappresentare un valido sistema di screening per individuare i positivi. La p g (m eta O I C e) VI ra I;
sensibilita dei cani, ovvero la capacita di identificare correttamente i

soggetti ammalati, é risultato essere compresa tra il 98 e i1 100%, maggiore n e O p I aStI C h e )
an

rispetto ai test antigienici rapidi che hanno una sensibilita tra 1'87 e i1 98%. I

risultati dello studio “C19-screendog” sono stati presentati lo scorso mese in

—— e — — - — - —_——
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=% VOC nei Tumori del Colon Retto.
..possibile marcatore ?
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Volatile Organic Compounds

in Human Exhaled Breath to
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Chemical signature of colorectal cancer: case-control study
for profiling the breath print
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Use of the Analysis of the Volatile Faecal
Metabolome in Screening for Colorectal
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HES VOC nell’espirato in GC-MC

Table 3 Multivariable logistic regression analysis of model A: colorectal cancer versus no cancer
diagnosis Cut-off value* Regression coefficient (B) s.e. P BJS Open 2020; 4: 1189-1199

Cut-off value* Regr. s.e. P coeffi. (B)

Age class (years) >65 versus<65 0-7294 0-1959 <0-001

Tetradecane <0-39 versus>0-39 0-6398 0-2025 0-002 e

Ethylbenzene <0-35 versus>0-35 0-8162 0-2006 <0-001 _ =xo"

Methylbenzene >1-94 versus<1-94 0-593 0-1989 0-003 :i/ ex107 - - xviene (5 107, | Octanal 6.6 mim>
5,9-Undecadien-2-one, S axior |

6,10-dimethyl (E) <0-41 versus>0-41 0-7661 0-2028 <0001 B ..o | Acetone (7 i

Benzaldehyde <4-06 versus>4-06 0-6440 0-2114 0-002 o

Decane <0-77 versus>0-77 0-5872 0-2060 0-004 s z z z z - P
Benzoic acid >0-94 versus<0-94 0-5423 0-2332 0-020 Time (mim
1,3-Bis(1-methylethenyl)

benzene >0-52 versus<0-52 0-6035 0-2541 0-018

Decanal <5-99 versus>5-99 -1-7920 0-6677 0-007 D ive rsa
Unidentified compound >0-26 versus<0-26 1-9308 0-6931 0-005

2-Ethyl-1-hexanol >2-51 versus<2-51 -0-9643 0-4826 0-046 H
Dodecane >3-51versus<3-51 1-6296 0-5247 0-002 ConcentraZ|0ne
Ethanone, 1[4-(1-methylethenyl)phenyl] :

<0-39 versus>0-39 1-3405 0-5494 0-015 san I/CRC

Aceticacid >0-41 versus<0-41 3-0856 0-9442 0-001
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CRC. Analisi VOC espirato

Original article: Chemical signature of colorectal cancer: case—control study for profiling the breath print. s
Open 2020; 4: 1189-1199

Background: Effective screening for colorectal cancer can reduce mortality by early detection of tumours and colonic polyps. An altered pattern of volatile organic compounds (VOCs) in exhaled breath has
been proposed as a potential non-invasive diagnostic tool for detection of cancer. The aim of this study was to evaluate the reliability of breath-testing for colorectal cancer screening and early diagnosis using
an advanced breath sampler.

Methods: The exhaled breath of patients with colorectal cancer and non-cancer controls with negative findings on colonoscopy was collected using the ReCIVA® Breath Sampler. This portable device is able to
capture the alveolar breath fraction without environmental contamination. VOCs were desorbed thermally and analysed by gas chromatography—mass spectrometry. The discriminatory ability of VOCs in
detecting colorectal cancer was evaluated by receiver operating characteristic (ROC) curve analysis for each VOC, followed by cross-validation by the leave-one-out method, and by applying stepwise logistic
regression analysis.

Results: The study included 83 patients with colorectal cancer and 90 non-cancer controls. Fourteen VOCs were found to have significant discriminatory ability in detecting patients with colorectal cancer. The
model with the diagnosis of cancer versus no cancer resulted in a statistically significant likelihood of discrimination of 173-45 (P < 0-001), with an area under the ROC curve of 0-979. Cross-
validation of the model resulted in a true predictive value for colorectal cancer of 93 per cent overall. Reliability of the breath analysis was maintained irrespective of cancer stage.
Conclusion: This study demonstrated that analysis of exhaled VOCs can discriminate patients with colorectal cancer from those without. This finding may eventually lead to the creation
of a smart online sensory device, capable of providing a binary answer (cancer/no cancer) and directing to further screening

Table 6 Cross-validation of colorectal cancer discrimination (Model A all patients).
True condition

CRC No cancer Total
Cancer 74 6 80 Analisi in GC-MS
No cancer 8 81 89
Total 82 87 Pred value 93% Sens 90% Spec 93%

CRC. Esiste un impronta nel respiro e puo essere utilizzata
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Open access Protocol

BMJ Open REducing Colonoscopies in patients
without significant bowEl DiseasE: the
RECEDE Study - protocol for a
prospective diagnostic accuracy study

ABSTRACT
Introduction Demand for colonoscopies and CT colonography
(CTC) is exceeding capacity in National Health Service Trusts.
In many patients colonoscopies and CTCs show no significant
bowel disease (SBD). Faecal Immunochemical Testing (FIT) is
being introduced to prioritise patients for colonoscopies but is
insufficient to identify non-SBD patients meaning colonoscopy
' and GTC demand remains high. The REducing Colonoscopies
in patients without significant bowEl Diseast (RECEDE) study
aims to test urine volatile organic compound (VOC) analysis
alongside FIT to improve detection of SBD and to reduce the
number of colonoscopies and CTCs.

In uso in GB

Risk stratification of symptomatic patients suspected of colorectal cancer
using faecal and urinary markers tract

Aim: Faecal markers, such as the faecal immunochemical test for haemoglobin
(FIT) and faecal calprotectin (FCP), have been increasingly used to exclude
colorectal cancer (CRC) and colonic inflammation. However, in those with lower
gastrointestinal symptoms there are considerable numbers who have cancer but
have a negative FIT test (i.e. false negative), which has impeded its use in clinical
practice. We undertook a study of diagnostic accuracy CRC using FIT, FCP and
urinary volatile organic compounds (VOCSs) in patients with lower gastrointestinal
symptoms.

Method: One thousand and sixteen symptomatic patients with suspected CRC
referred by family physicians were recruited prospectively in accordance with
national referring protocol. A total of 562 patients who completed colonic
investigations, in addition to providing stool for FIT and FCP as well as urine
samples for urinary VOC measurements, were included in the final outcome
measures.

Results: The sensitivity and specificity for CRC using FIT was 0.80 [95%
confidence interval (Cl) 0.66-0.93] and 0.93 (Cl 0.91-0.95), respectively. For
urinary VOCs, the sensitivity and specificity for CRC was 0.63 (Cl 0.46-0.79) and
0.63 (CI 0.59-0.67), respectively.

However, for those who were FIT-negative CRC (i.e. false negatives), the addition
of urinary VOCs resulted in a sensitivity of 0.97 (Cl 0.90-1.0) and specificity of
0.72 (Cl 0.68-0.76).

Conclusions: When applied to the FIT-negative group, urinary VOCs improve
CRC detection (sensitivity rises from 0.80 to 0.97), thus showing promise as a
second-stage test to complement FIT in the detection of CRC.

Clinical Trial Colorectal Dis (2018 Dec;20(12):0335-0342)

second-stage per implementare FIT nel rilevamento dei CRC.
sensibilita dal 0.80 (FIT-Hb) a 0.97 FIT-Hb+VOC
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Mt-fDNA & VOC test triage dopo FIT

Table 4. Diagnostic performance of biomarker combination for CRC and high-risk/advanced adenoma.
Biomedicines 2022, 10, 255

Disease Group Biomarker(s) Sens (%) Spec (% PPV (%) NPV (%) Ref.
CRC (n=65) FIT (20 pg); 73.8
Cologuard® 92.3 94.9 N.Engl. J. Med. 2014
HRA (n =757) FIT (20 pg); 42.2 86.6
Cologuard® 238
CRC (n=35) FIT (3 ug); 80 93 44 99 Colorectal Dis. 2018
VOCs (FIT =) 97 72 100
FIT measurements CRC predicted probabilities
First stage screening using FIT Second stage screening using VOCs
1e+03 - L] 1.00 - °
- - e o 1e+02 e e c e fle e e -ET===g==== S 0.75 -
Triage sul test negativi ,@ ¢
E:% 1e+01 - :’é 0.50 -
16400 - . } 0.25 - g
1e-01 - 0.00 -
CRC-n;gaﬁve CF!C-plositive CRC-nlegative CRC-p'ositive

CRC status CRC status
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Faecal immunochemical test is superior to
symptoms in predicting pathology in patients with
suspected colorectal cancer symptoms referred on a
2ZWW pathway: a diagnostic accuracy study

Migel D"Souza
Muti Abulaf

ABSTRACT

Objecive Toases whether a fascal immunochemical
test {FIT) ooud bewsed to et patients with

aspectsd ooorectsl cancer (CRC) symiptoms for uresnt
Design Muticentre, double-binded diagnostic acouracy
shudy in 50 Mationsl Hesith Service (HHS) hospitss
across Engand  between October 2017 and December
2013, Patients referred toscondsny caire with suspect=d
CRC symptoms mesting MHS Engand coriteria for urgsnt
2weskz wait refirsl and trisged toinvestization with

A ‘omonoscopy wene vited to perfiorm a quantitstie FIT.

The sensitivity of FIT for CRC, and effect of reevant
variabies on its disgnostic acouracy was asesed.
Results 9827 patientswersinduded in the findl
anslyziz. The prevalenceof CRL at

3.3%. The AIT positivity decreased from 37. lﬂni‘? 0%
and 7.6%, respectively, ataut-offsof 2, 10 and 150 1
raemogcbins fasces (/). The positive pradictive
vales of FIT for CRC atthess cut-offs were B 7% (95%
O, 7.8% 09.7%), 16.1% (95% 0 14.4% t017_8%)
and H.A1% | 95!>£I 27. 8% to 34.6%), respectivly,
and the negative predictive valies were'¥%_B% (75% O
F9_T% 0 99.9%), 99_6% (95% 0 99.5% 09 TH)
ancl 98.9% (9% 1 98.7% 1 99. 1%), respectivly. The
sensitivity of FIT for CRC decressed at the same aut-offs
from@7. 0% (95% O 94.5% 10 98.5%) 090 9% (95%
187 2% tn 93 _B%) and 70.8% (95% 0 65 6510
T5.7%), respectiely, whie the specificity increased
fromé&4. 9% (95% O 63.9% 10 65.8%) 083.5%

(95% O B2_B% to B4 3%) and 94 6% (95% O 94.1%
1095.0%), respectively. The ares under the recefer
operating daracteriticarvewas 0.3 (95% 0 052 o
0.95).

Condusion  FIT sensitivity & medmised to 97.0% at
the lowest cut-off (2 pe/s); anesative FIT resut st this
‘cut-off can effectively rie out CRC and a posithe FIT
resit & better than symptoms to ssect patients fior
Trial registration number SRCTH4TEISE.
INTRODUCTION

Bowel symptoms are the imprecise bads of refermal
for urgent investigation n England to mule out
canger.~ Symptoms are non-specific for colorectal
cancer [CRC); 96of 100 patients referred urgently

,'** Theo Georgiou Delide,"* Michele Chen,*Sally Benton,®
' The NICE FIT Steering Group

‘What iz already known on this subject?

Hesth and CareBxcelence to guide referraof
patients with low-rige bowel symptoms but has
not besn recommended fior dl symptomatic
patients due to concsme over the quality and
power of previous shudies.

What are the new findings?

= FT sensitivity fior coorectsl cancer (CRC) s
medmised o 97. 0% at the Bmit of detection of
2 g hasmogobin (Hb)/'g fasoes (eig).

= A faecd Hb concentration (f-Hb) reslt s
than the fimit of detection n symptomatic
patients indicates that their chances of not
favig CRC & 99.8%.

= Therewas no significant variabon in the abiity
ﬁmmmﬂxwmwm

Hewr mightit impact on dinical  practice in the
foreseeable future?
> AT ooud bewesed to nie out CRC i primary
are fior symplomatic patients mesting 2 weeks
wait Criteria, with snsitiity equivient 1o
ooonoscopy 8t A out-off of 2 s
» AT can be we=d o pricritise patients for
investigation, as CRC and other =rios
bowel dissase i more Ghely athigher ~Hb
congentrations.
= The diagnoetic acouracy of FIT for (RC &
uperior to symptoms.
on a Zaveek [2WW) vait patway under National
Institute for Health and Care Excellence [NICE)
NG12 guidelines will not have CRC.- Urgent refer-
rals have increased by 30% over the last 5 yearsh
45% of UK endoscopy umits are filing to meet
CRC waitingtargets
The faeral immumochemical test [FIT] was
recommended by NICE ([DG30)¢in 2017 to guide
the referral of patients with low-risk symptoms of

Douza W, et ol Gue 2001, 7001 130-4138. doi: 1001136/ gutjrk 2000321056 BHJ

BuAdoa Aq pajasoly 1senBAg ZzOE 'z | eun U o T OO TG AN Wwoly papee jumo (] 0Z0Z 1990100 | ZU0 056 ZETEOEUINGge L L 0L 58 peygqnd sy ing

Sensibilita FIT

Table 4 Diagnostic acouracy of FIT for CRC and SBD at different cut-offs

Risk FIT Cut-off Sensitivity Specificity PPV NPV
category positivity  (ug/g)
2 37.2 CRC 97.0 (94.5t0  64.9(63.9to 8.7 (7.8to 99.8 (99.7
98.5) 65.8) 9.7) t099.9)
HRA 65.8 (61.0to  64.1(63.1t0 7.6 (6.7to0 97.7 (97.3
70.3) 65.0) 8.5) t098.0)
BD 73.1(68.6t0  64.4(63.4to  8.5(7.7to 98.1 (97.8
77.2) 65.4) 9.5) t0 98.5)
SBD 77.1 (7T4.6t0  6B.2 (67.2to  24.8(23.4t0  95.6 (95.1
79.5) 69.2) 26.3) t096.1)
=10 19.0 CRC 90.9 (87.2to B3.5(82.81t0 16.1 (14.41t0 99.6 (99.5
93.8) 84.3) 17.8) t099.7)
HRA 45.4(40.5t0c  82.2 (81.4to  10.3 (8.9t0 97.1(96.7
50.3) 83.0) 11.7) to 97.3)
BD 57.8(53.0to0  82.8(82.0to  13.3(11.8to0  97.7(97.4
62.6) 83.6) 14.9) to98.1)
SBD 62.6 (59.8t0 87.0 (86.3t0 39.6 (37.410 94.5(93.9
65.4) 87.7) 41.8) t095.0)
=150 7.6 CRC 70.8 (A5.6to 94.6 (94.1to 31.1(27.8to 98.9 (98.7
75.7) 95.0) 34.6) t099.1)
HRA 22.1(18.2to  93.0(92.5t0  12.4(10.1to  96.4 (96.0
26.4) 93.5) 15.0) t096.8)
BD 36.8(32.2to  93.7(93.2tc  21.0(18.1to  97.0(96.7
41.5) 94.2) 24.1) t097.4)
SBD 41.0(38.2t0  96.9(96.5to  64.5(60.9t0  92.4(91.8
43.9) 97.3) 67.9) t092.9)

Sintomatici Le performance del FIT restano molto

interessanti. ... la presenza di sangue nelle feci € un
ottimo indicatore di lesione
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-4 Sappiamo che esiste un ‘impronta’ dell’espirato come
renderla facilmente accessibile e come utilizzarla?

Table 1. All breath test VOCs analyzed in each specific study.

Colorectal Carcinoma (CRC)

References Identified VOCs
Tetradecane; ethylbenzene; methylbenzene; 5,9-undecadien-2-one + 6,10-dimethyl (E); tridecane;
Altomare 2020 [26] benzaldehyde; dodecane; benzoic acid; 1,3-bis(1-methylethenyl) benzene; decanal; 2-ethyl-hexanol;
ethenone + 1[4-(1-methylethenyl) phenyl]; acetic acid; butyl hydroxy toluene; unknown VOC.
Steenhuis 2020 [27] na.
Van Keulen 2020 [23] na.

Markar 2019 [25] Propanal; ammonia; ethanol; acrolein; propanol; butanel; carbon disulfide.
Altomare 2016 [29] Methane.

Amal 2016 [30] Acetone; ethy] acetate; 4-methyl-octane; ethanol.

1,2-pentadiene; 2-methylbutane; 3-ethylpentane; methylcyclo-pentane; cyclohexane; nonanal;
methyleyclohexane; &-methyl-2-pentanone; 1,4-dimethylbenzene; 1,3-dimethylbenzene; decanal.
Cyclohexanone; 2,2-dimethyldecane; 4-ethyl-1-octyn-3-ol; ethylaniline; cyclooctylmethanol;
trans-2-dodecen-1-ol; 3-hydroxy-2,4 4-trimethylpenty] 2-methylpropanoate; dodecane.
4-methyl-octane; 1,2-pentadiene; 2-methylbutane; cyclohexane; nonanal; methyleyclohexane;
Altomare 2013 [33] 4-methyl-2-pentanone; 14-dimethylbenzene; 1,3-dimethylbenzene; 2-methylpentane;
3-methy lpentane; 4-methylundecane; trimethyldecane; decanal.
1,3-dimethylbenzene; 1,10-(1-butenylidiene ) bis-benzene; 1-iodonane; [(1,1-dimethylethyl) thio]
Peng 2010 [34] acetic acid; 4-(4-propylciclohexyl)-4"-cyano [1,10-biphenyl}-4-yl ester benzoic acid;
2-amino-5-isopropyl-8-methyl-1-azulenecarbonitrile.

Altomare 2015 [31]

Wang 2014 [32]

VOC biomarkers

Naso

elettronico?

VOCs riportati in 2 o piu pubblicazioni
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Sensori in fase avanzata di sperimentazione
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=% Mistral, lo strumento diagnostico

== Sviluppato dal cluster Inside the
o Breath “Diagnosi precoce dei
. y tumori? In un SOfin!,,: Mistral Lab: a Bari il primo centro di analisi del respiro privato
i. € in corso oggi, nell’aula Balab “Guglielmo | e

Lo spazio é stato realizzato presso la nuova sede di Predict, dopo la ristrutturazione del
H ini” ’ 1 115 H 1 capannone della Fiera del Levante che ospitava il Padiglione delle Nazioni. Open day il
M I neNl nl de" U n |Ve rSIta dl Barl’ Ia prossimo 4 maggio. Il Project leader Marco Cardanobile e la Sales and Product manager,
H 1 1 " H Francesca Porcelli: “Siamo impegnati nella standardizzazione della Breath Analys con
Wareads Blopay sviuppato dalia‘compagnia hritannica presenta2|0ne dl M IStraI’ I Innovatlvo l'obiettivo di renderla una tecnica di screening di massa, nel supporto al lavoro del CerBa e
Owist: Medical di Ve vasivo, simil M M M M H H 2,0 Py . . . . . .
wistone e lz:eerun \spos:p: ncnK\:' azn: :V:": deV|Ce per Ia dlagnOS| dl varie patOIOgle, Z:lii:;/ixgoti di divulgazione della conoscenza di questa nuova tecnica di monitoraggio
nella diagnosi e terapia di molte patologie, tra cui il = - 9
cccccc tra cui il tumore del colon-retto e del
Come la stessa azienda produttrice dichiara, I'obiettivo
del clspositivo & quelo di fornire na diagnosi precoce di | GHIEP TASTE CONSULTANT PER p0| mone

In uso in GB

Mistral nasce dalla ricerca del cluster tecnologico pugliese Inside the Breath (composto dalle aziende Predict S.r.l., Wel.Co.Me S.r.l. e Reti Meridiane e da Dipartimento di

Biologia e Facolta di Medicina dell’'Universita degli Studi Aldo Moro di Bari), che ha evidenziato come la presenza di alcuni composti organici volatili (VOCs) nell’espirato sia
indice dell’insorgenza di una determinata patologia.

L’incontro di questa mattina, presieduto da Gianluigi De Gennaro (Dipartimento di Biologia, Universita degli Studi di Bari) e Donato Altomare (Dipartimento del’lEmergenza e dei
Trapianti di organi, Policlinico di Bari), prevede l'intervento di chi ha partecipato attivamente al progetto, e pud dunque descrivere le diverse fasi operative.

Dopo i saluti di Antonio Felice Uricchio (rettore Universita degli Studi “Aldo Moro” di Bari) e Rocco De Franchi (consigliere per la tutela ambientale, lo sviluppo sostenibile e la
decarbonizzazione), I'introduzione di Angelo Gigante (Predict) dara il via ai lavori; alle 10.30, il panel “Breath biopsy per lo screening del cancro colorettale”, tenuto da Donato
Altomare (Dipartimento del’lEmergenza e dei Trapianti di organi, Policlinico di Bari); alle 11.00, Rosaria Orlandi (Molecular Targeting Unit — I.R.C.S.S. Milano) parlera di
“Sviluppare I'analisi del respiro per una diagnostica oncologica completamente non invasiva”; alle 11.30, il panel “La breath analysis ed il suo possibile ruolo nella diagnostica
delle neoplasie del polmone e della pleura” tenuto da Annamaria Catino (Dipartimento di Oncologia Medica — |I.R.C.S.S. Bari); alle 12.00, I'intervento di Alessia De Gilio
(Dipartimento di Biologia dell’Universita degli Studi di Bari); alle 12.30, il panel “Mistral: la diagnosi in un soffio” con Marco Cardanobile (Predict).

Concludera l'incontro. alle ore 13.00. il Dott. Vito Antonio Delvino (Direttore Generale |.R.C.S.S. Bari).
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« Nati per rilevamenti in loco

o Utilizzati rilevamenti ambientali,
* Rapidi (analisi pochi minuti)

« Economici (circa 0,5 Euro determinazione)
 Devono essere ‘addestrati’

Industria,

con Sensorl

Urine Samples

J

PEN3 and GC-TOF-MS Analysis

J

Feature Selection

&

10-Fold Cross-Validation

&

Classification Model Training 9 Classification Model

L

Test Model Prediction

J

ROC Curve

&

Performance Parameters

>» Random Forest
> Neural Networks

AUC
Sensitivity
Specificity

Non-Invasive Detection and Staging of Colorectal Cancer Using a Portable

Electronic Nose Sensors 2021, 21, 5440
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« Identificano Classi di composti

Early CRC -Late CRC

Non-cancer

W3s 160 WS5S

W1s

1. Costruiscono un ‘impronta digitale’ specifica per patologia
2. Vanno elaborati algoritmi specifici per patologia per sistema

Strumenti a Sensori

Table 2. Description of the sensors used in PEN3 e-nose provided by
Airsense Analytical.
No. Sensors Substances for Sensing

S1W1C
S2 W5S
S3 W3C
S4 W6S
S5 W5C
S6 W1S
S7W1W
S8 W2S
S9 W2W
S10 W3S

Sensitive to aromatic compounds

Broad range

Sensitive to aromatic compounds

Sensitive to hydrogen

Sensitive to aromatic and aliphatic compounds

Sensitive to methane in the environment, with broad range
Sensitive to Sulphur and organic compounds

Sensitive to alcohol and broad range

Sensitive to Sulphur compounds

Sensitive to methane and aliphatic compounds

3. Calibrazione sistemi per esportare informazione
4. Armonizzazione risposte tra metodi diversi

CRC

Non-cancer ]

w3s

waw 4
5}\:/

W2Ss / (
wiw

W1Ss

Ww3C

We6S

Non-Invasive Detection and Staging of Colorectal Cancer Using a Portable
Electronic Nose Sensors 2021, 21, 5440



Revisione sistematica

Original Investigation | Oncology
Diagnostic Performance of Electronic Noses in Cancer Diagnhoses Using

Exhaled Breath A Systematic Review and Meta-analysis

Max H. M. C. Scheepers, MD; Zaid Al-Difaie, MD; Lloyd Brandts, PhD; Andrea Peeters, MD, PhD; Bart van Grinsven, PhD;
Nicole D. Bouvy, MD, PhD

RESULTS
This review identified 52 articles with a total of 3677 patients with cancer. All studies
were feasibility studies. The sensitivity of e-noses ranged from 48.3% to 95.8% and

the specificity from 10.0% to 100.0%. Pooled analysis resulted in a mean (SE)
area under the receiver operating characteristic curve of 94% (95%
Cl, 92%-96%), a sensitivity of 90% (95% CI, 88%-92%), and a
specificity of 87% (95% ClI, 81%-92%).

Considerable heterogeneity existed among the studies because of differences In
the selection of patients, endogenous and exogenous factors, and collection of

exhaled breath. JAMA Network Open. 2022;5(6):€2219372.
doi:10.1001/jamanetworkopen.2022.19372
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s ROC del metodi inclusi

Observed data
¢ Summary operating point
= SROC curve
95% Confidence contour
-« 95% Prediction contour

1.0 0.8 0.6 0.4

Specificity

Summary Receiver Operating Characteristic (SROC) Curve Analysis of All Electronic NosesFor the summary operating point,
sensitivity was 0.90 (95% ClI, 0.88-0.92) and specificity was 0.87 (95% ClI, 0.81-0.92). For the SROC curve, the area under the

curve was 0.94 (95% CI, 0.92-0.95).

JAMA Network Open. 2022;5(6):€2219372.
doi:10.1001/jamanetworkopen.2022.19372
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S¥E  Sensibilitd Specificitd Cyranose

. Key Points
TUtte neoplaS|e Me);ningAlthough e- CRC

noses were found to
have promising
Nl POUKG Sk o o YT oMeO0N sixton accuracy in detecting
» N - - cancer, there is a - | —— - || e
| | need for f
standardized i o | b | mm e o | | e
—a—t | een e o external validation - ) D
S 1 - studies that evaluate
their diagnostic
| me——— | accuracy so that
| e their role in the
< I < [ diagnostic workup
| | e - of cancer can be |
established T e

© 2022 Scheepers MHMC et al. JAMA Network Open.

eFigure 8: Pooled analysis of all colorectal cancer studies

2 2022 Scheapers MHMC et al. JAMA Natwork Open.

Uno degli studi riporta bassa sensibilita



Servizio

e Studio dei composti organici volatili (COV) per la
caratterizzazione delle lesioni del colon-retto (COV in CRC).

Toscana

I Comitato Etico
in osservanza alle legizlazioni vigenti in materia di
smudi oczervarionali / studi con interventi canitari diversi da farmaci e dicpozitivi medici
ha ecaminato la richiecta di parere relativa allo smudio

"Uso di eompost organiel volatli (COV) nella caratterizzazione delle lesioni del Colon — Retto
(COV-in-CRC) =

Avendo valutato la seguente documentazione nella seduta del 21/07/2020
DOCUMENTAZIONE GENERALE

Sinteci del protocollo in lingua italiana (Tersicne 7 del ?}.-"O?,-';‘OZG]

Elenco dei Centri partecipanti (ge multicentrico) (versione 7 del F;T_-"GF.-"QOQ{I_;.

Scheda di raccolta dat (verzione 7 del 7.5/07/2020)

Dichiarazione per 'accertamenio della natura indipendente dello studio (ze no-
profit) (versione - del 15/07/2026)

Dichiarazione sulla natura ocservazionale dello emudio (versione - del 75/87 /2020

Protocollo di studio (versione 2 del 75/05/2020)

Lettera di ricpoeta a parere sospensivo (versione - del 70/07/ 2020

DOCUMENTAZIONE CENTRO-SFECIFICA

Lettera di intenti del promeotore per il CE (versione - del 15/02/2020)

Lettera di accettazione dello sperimentatore locale (versions - del 15/02/ 2020)

Curriculum vitae in formato UE aggiomato dello sperimentatore locale (versione -
del75/02/2020)

Dichiarazione pubblica sul conflitto di interesel (Appendice 15 al DM
21/12/2007) (versiane - del 15/02/ 2020)

Aspeiti economici PROGETTO (versione - del 15/02/2020)

INTEGRAZIONE RICHIESTA DEL PI (versione - del 24/02/2020)

Analici d'imparnto aziendale per la fartibilitd locale (versione 7 del 25,02/ 2020)

Foglio informativo e concenso (Tersione 7 Chimrgds del !},-"09-'.-".?02[;[;.

Foglio informativo e consenso (versione 2 IIFRO del 75/06/ 2020,

Foglio informativo e consenso (versione 2 L& del 15/ 06/ 2020)

Data di arrivo della documentazione completa 10/07/2020

Ha ecpreeso il seguente parere:
FAVOREVOLE

Numero regiztro pareri del Comitato Etico: 16770_bio

SR, | UNIVERSITA . -

2 M2y % z | DEGLI STUDI ’, » ISPRO
N FIRENZE * %
' ¥ vH | S Lny eennene

Obiettivi: Ottenere una caratterizzazione “Smell Print” dei soggetti affetti da
CRC, con diversa stadiazione, tramite analisi dell’espirato.

Metodi: La sperimentazione € basata sull’analisi dei composti organici volatili
contenuti nell’espirato.

| campioni sono stati analizzati in spettrometria di massa e con un naso
elettronico commerciale.

Lo studio ha visto I'arruolamento di soggetti con diversi livelli di rischio.
a) Normali: negativi alla ricerca del sangue occulto fecale (Fit-);
b) Positivi: soggetti con intervento chirurgico programmato (CRC);

c) FIT+ con raccolta del materiale al momento della gastroscopia.

Capacita dei VOC di fornire indirizzare gli approfondimenti diagnostici ed
anticipare le riprese di malattia



a Disegno studio

Gas Cromatografo-Spettrometro di Massa (GC-MS)

Il campionamento diretto ipotizzato in un primo momento si € rivelato impraticabile in periodo
COVID; lo studio € cominciato ‘producendo’ i raccordi necessari.
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Raccolta del Campione

LOCKING CONBO® WNLVE

Dopo alcuni cicli di preparazione
(allontanamento composti ambientali)
l'espirato viene raccolto, all'interno di
sacche multistrato (3 espirazioni) con setto
disegnato per consentire una
microestrazione in fase solida (fibra SPME)
ed analizzati in GC-MS.

Ai fini di eventuale uso nei percorsi di screening la
tollerabilita della strategia di prelievo e
fondamentale sia per I'adesione che per la
‘ripetibilita delle metodiche'.

Nel corso dello studio il campionamento e sembrato
ben tollerato dai partecipanti ma |'aspetto andra
valutato in dettaglio.




Risposta Strumentale Spettro GC-MS

ool i
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Picchi con differenze significative tra sani e malati



HE Perché naso elettronico

Requisiti che li rendono particolarmente interessanti

« Semplici (nati per rilevamenti in loco)

* Versatili (rilevamenti ambiente, industria, medicina)
* Rapidi (analisi pochi minuti)

 Economici

Prima dell’utilizzo

1. Calibrazione sistemi
2. Standardizzazione risposte
Non possono essere tarati ed addestrati ad ogni utilizzo
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Risposta Strumentale naso elettronico

Real-Time Sensor Response

Il naso elettronico
ha un software di
analisi che va
“addrestrato ”

Calculation of Sensor Response

(Rmax-Ro)¥Ro x103
(s3]

o N

-2
2200

| = dynamic region

2400 2600

Time / Seconds

lI= steady-state region

Chemical Identification with

Sensor Arrays
Gafonical Diséi S¢ + Sensor
i ene response
AN - pattern is
. N loritrT [ robust with
= ~2 matrix
) ot |ob gm] ° variation
2 ’(,Q‘g ébm\
e 2
=2 A . 20 nE L @ L]
5 = / .
Pes T Tel % RI CEIé 2
6 o
~-20 e § .2q1,v o
10 . v * Humidity levels:
e, ° s v <5, 60, 72% RH
’ 6‘5_550 ° 5 -10 ?

2800 3000

Il = recovery region

™ You Bun Ykt 21
Lee T dva me 'l Ok
n:: [7 a2 2
fwaithe o
Ty B =
Puge Sancm ¢ =54
e It - [0 e 2
e Hoose
fot r; filee '
Ml — 7o m
& Matod . IR NN 00 U
« Watos) Bast
X Motos
) e g
e
‘gu-
PV TPPRSSSS i1 2 2, S —
— e ——— _{-__.,...
L‘ e
O O T T T U1
L Y
fin [ [ommrmsiorn fue jinde fHeb aloix
E|G 1 &8 |kt | llll.'ﬂﬂ-
v Cmorsead Frogebom Flat
Comrmleof ({0801 [N
imwsirn Vernon AT TI:-HH:
Gl s - BT 20150
Etigiicn
] Shyrens
lensene
ity
= Cowais D0
i Log
skl ]
L 1‘#"‘! !ﬁ.
= Tiniwng 1 ® L
Tahara ]
o b ~y
[oglien Y T -
W10 Fi
beoera ey
gy 10
m.,',,,,_, Ty
Lzl it
Dmiwrce Ve
Lowarscal Fist
P Pl
w Melul
& mhaad]
4 mhatocd]
i Bt
Py _L



5

Servizio
Sanitario
della
Toscana

“impronta espirato” Sani Vs CRC

Risultati Cyranose 320
II.’-'-_|
|
o
- L
_ - ~ l:h\‘_: E
\ 1 \

CANONICAL PLOT
TR WY
Rosso CRC Blu Sani
Identified As
Tramed B -

Sano

As ISPRO
FPS2

ole|e|x»
S| |0 |-

o
o|le|e|e

Interclass M-Distances
Malato Sano | ISPRO | FPS2

Malato 5.147
Sano
ISPRO
FPS2

Cross validation

Indicazioni produttore. Metodo puo essere accettato per:

Cross-validation > 90%

Distanza Euclidea tra | gruppi >/= 5.0 (manufacturer).



Sanitario

ﬁﬂ Confronto GC-MS vs Naso elettronico

Healthy and CRC patients from GC-MS Analysis

4000000
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500000
0
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{x1,000,000

Relazione tra spettro GC-MS e Naso elettronico

In grafico il confronto delle Medie
ottenute dagli 11 picchi piu
significativi dei gruppi sani e malati

Confrontando le risposte con quelle in
GC-MS e stato individuato 1 soggetto
‘aberrante’.

L'esclusione dal gruppo di
riferimento migliora la risposte
dell’algoritmo di classificazione



Analisi Dati naso elettronico. Sani Vs CRC

Healthy breath ’ PCAPLOT

sample \ ’J /

CRC Breath sample.

s ——

CANONICAL P| @ "

Indicazioni produttore- Metodo puo essere accettato per:
Cross-validation > 90%
Distanza Euclidea tra | gruppi >/=5.0 (manufacturer).



Analisi dati: Adenomi Vs CRC

~ Adenomi =
- Smellprint =

(~ Aoscaling &

-CRC
- Smellprint =

Cross-validation 100%
Distanza tra gruppi 7.65

.ﬂ-—--Ii___----_—----l_-__l__-_-.- | Nl



Sani Vs Adenomi Vs CRC

//—4\ I Cross-validation reliability
‘ I . — of 100% between classes.

Healthv : | Near the clinical setting

e e

IS

N Eﬁ FP-P
I' L‘

Identified As

Sano | FPS-P | MalPre
TrﬂjHEd Sano 7 0 0
AS FPS-P 0 5 0
MalPre 0 0

Interclass M-Distances

Sano | FPS-P | MalPre
Sano 5352 17937
FPS-P 20,142
MalPre




Analisi Dati naso elettronico. Sani / AA / CRC

| dati raccolti confermanto l'ipotesi di partenza.

L'espirato di soggetti normali, affetti da adenomi e sani o4
. . . LRA 14
da neoplasia possono essere caratterizzati - 4
dall’analisi dei composti volatili contenuti p— =
nell’espirato.
. Lo . . . Tot 124
Possono essere analizzati di routine ricorrendo ai
Nasi elettronici
M1 M2 M3
CROSS VALIDATION 100% 100% 100%
Dist S-AD 5,91 6,282 CRC-FPSS 6,855
Dist S-CRC CRC-FPP 4,645
FPS-FPP 6,25

Sensori esclusi (2;3;5;7;9;14;20) (1;3-5;7;9;13-14;16-20;22-23;26-30) (5;9;13;14;16;25;26;27;29)



Lo studio e stato prolungato
come studio prospettico per
completare la valutazione deqgl
algoritmi ottenuti sul primo
gruppo di soggett!



GRAZIE
DELL'ATTENZIONE




