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Diagnosis of oesophago-gastric cancer

• Upper GI symptoms account for 3% of consultations 
in primary care

• 11,500 diagnosed annually in the UK
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Multicentre oesophageal validation study

Noninvasive Exhaled Breath Volatile Organic Compound
Analysis for the Diagnosis of Oesophagogastric Cancer
Sheraz R. Markar, PhD; Tom Wiggins, PhD; Stefan Antonowicz, PhD; Sung-Tong Chin, PhD; Andrea Romano, PhD;
Konstantin Nikolic, PhD; Benjamin Evans, PhD; David Cunningham, PhD; Muntzer Mughal, MD;
Jesper Lagergren, PhD; George B. Hanna, PhD

IMPORTANCE Early esophagogastric cancer (OGC) stage presents with nonspecific
symptoms.

OBJECTIVE The aim of this study was to determine the accuracy of a breath test for the
diagnosis of OGC in a multicenter validation study.

DESIGN, SETTING, AND PARTICIPANTS Patient recruitment for this diagnostic validation study
was conducted at 3 London hospital sites, with breath samples returned to a central
laboratory for selected ion flow tube mass spectrometry (SIFT-MS) analysis. Based on a 1:1
cancer:control ratio, and maintaining a sensitivity and specificity of 80%, the sample size
required was 325 patients. All patients with cancer were on a curative treatment pathway,
and patients were recruited consecutively. Among the 335 patients included; 172 were in the
control group and 163 had OGC.

INTERVENTIONS Breath samples were collected using secure 500-mL GastroCHECK steel
breath bags and analyzed by SIFT-MS. Quality assurance measures included sampling room
air, training all researchers in breath sampling, regular instrument calibration, and
unambiguous volatile organic compounds (VOC) identification by gas chromatography mass
spectrometry.

MAIN OUTCOMES AND MEASURES The risk of cancer was identified based on a previously
generated 5-VOCs model and compared with histopathology-proven diagnosis.

RESULTS Of the 163 OGC patients, 123 (69%) had tumor stage T3/4, and 106 (65%) had nodal
metastasis on clinical staging. The predictive probabilities generated by this 5-VOCs
diagnostic model were used to generate a receiver operator characteristic curve, with good
diagnostic accuracy, area under the curve of 0.85. This translated to a sensitivity of 80% and
specificity of 81% for the diagnosis of OGC.

CONCLUSIONS AND RELEVANCE This study shows the potential of breath analysis in
noninvasive diagnosis of OGC in the clinical setting. The next step is to establish the
diagnostic accuracy of the test among the intended population in primary care where the test
will be applied.

JAMA Oncol. doi:10.1001/jamaoncol.2018.0991
Published online May 17, 2018.
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the commercial NIST library, as well as their calculated reten-
tion indices (RI) to those of authentic chemical standards un-
dergone separation on the ZB-624 column. Overall, the pres-
ence of 30 VOCs was confirmed except for pentanol owing to
its limited level of signal-to-noise ratio (SNR<5) among the ana-
lyzed samples.

SIFT-MS Analysis and VOC-Based OGC Diagnosis
The concentration of butyric acid, hexanoic acid, butanal and
decanal showed significant differences between the cancer and
control groups (eMethods 10 in Supplement 2). Five VOCs were
then taken forward to form a risk-prediction model for the di-
agnosis of esophagogastric cancer, and included in a multi-
variable logistic regression analysis with cancer diagnosis as
the dependent variable (eMethods 10 in Supplement 2). To en-
sure these factors were not associated with a confounding
demographic variable or presenting symptom that differed be-
tween the comparison groups, linear regression models were
performed for each of the 5 VOCs (eMethods 10 in Supplement
2). There were no significant differences in the concentration
of these 5 VOCs between patients with esophageal or gastric
cancer (eMethods 10 in Supplement 2).

The predictive probabilities generated by this 5-VOC di-
agnostic model were then used to generate an ROC curve,
which showed a good diagnostic accuracy with an area under
the curve of 0.85 (SD, 0.02) (Figure). This translated to a sen-
sitivity of 80% and specificity of 81% for the diagnosis of
esophagogastric cancer. This compared to the diagnostic ac-
curacy generated by a clinical parameters test based on NICE
guidelines for endoscopy referral,3 which had an area under
the curve of 0.73 (SD, 0.03), sensitivity of 59% and specificity
of 81% (eMethods 11 in Supplement 2).

Discussion
This multicenter study demonstrated a sensitivity of 80% and
specificity of 81% of a single breath test in the diagnosis of
esophagogastric cancer, thus validating the 5-VOC breath

model. All patients with cancer included in the study were re-
ceiving a curative treatment pathway, highlighting the poten-
tial value of the test in detecting operable disease and the po-
tential impact on survival. The sensitivity of 80% compares
favorably to the existing technologies such as fecal occult blood
test (sensitivity ranging from 30%-70%) for colorectal cancer,24

and more specifically to upper gastrointestinal disease, the cy-
tosponge (sensitivity 73%) for Barrett esophagus.25 An impor-
tant finding with both these technologies was an increase in
sensitivity associated with multiple episodes of testing, which
could be an important area for further research of breath test-
ing.

At present the NICE guidance for endoscopy referral is
based on age threshold and symptom criteria. Patients aged
over 55 years with dyspepsia, or those of any age with alarm-
type symptoms are considered eligible for direct referral for
endoscopy and assessment of the upper gastrointestinal tract.3

Despite these guidelines a huge degree of variability remains
in referral patterns for endoscopy.4 The breath test for esopha-
gogastric cancer aims to provide clinicians with an objective
assessment of need for endoscopic referral. Given the asso-
ciation of all 5 VOCs with esophagogastric cancer, this may in
the future allow for calculation of stratified risk for indi-
vidual patients, which would require an independent large-
scale study to fully validate. The consensus of key stakehold-
ers in a decision workshop was to locate breath testing in
primary care to triage patients with nonspecific symptoms to
have endoscopy based on risk of OGC (eMethods 12 in
Supplement 2). This view has been endorsed by our recent find-
ing that the diagnostic model for OGC is different from that for
colorectal cancer,26 providing the concept for a single breath
test for multiple gastrointestinal cancers. If a clinician is pre-
sented with a patient with gastrointestinal symptoms that do
not prompt referral based on NICE criteria, he/she would not
need to watch and wait to see if symptoms worsen but could
offer the exhaled breath test immediately. The clinician would
order a breath test in much the same way as routine blood tests.
A nurse can perform the test and send breath samples to a re-
gional laboratory for analysis. A positive result would war-

Table 2. Description of Cancer-Specific Factors

Tumour-Related Factor Patients, No. (%)
Tumour location

Gastric 72 (44.2)

Gastroesophageal junction 36 (22.1)

Oesophageal 55 (33.7)

Clinical T stage

1 18 (11.0)

2 32 (19.6)

3 61 (37.4)

4 52 (31.9)

Clinical N stage

0 57 (35.0)

1 58 (35.6)

2 22 (13.5)

3 26 (16.0)

Figure. ROC Curve for the 5-VOC Breath Model in the Diagnosis of
Esophagogastric Cancer in the Multicenter Clinical Trial
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Breath Volatile Organic Compound Profiling of Colorectal
Cancer Using Selected Ion Flow-Tube Mass Spectrometry

Sheraz R. Markar, PhD, Sung-Tong Chin, PhD, Andrea Romano, PhD, Tom Wiggins, MRCS,
Stefan Antonowicz, MRCS, Paraskevas Paraskeva, PhD, Paul Ziprin, FRCS,

Ara Darzi, FRCS, and George B. Hanna, PhD

Objective:

(1) Identify changes in volatile organic compounds (VOCs) concentration
within exhaled breath observed with colorectal cancer (CRCa) relative to

control groups.

(2) Validate the presence of discriminative VOCs in a prospective cohort.

(3) Identify VOC changes related to CRCa recurrence following
surgical resection.

Background: Breath VOCs have the potential to noninvasively diagnose

cancer.

Methods: Exhaled breath samples were collected using 2-L double-layered
Nalophan bags, and were analyzed using selected-ion-flow-tube mass-spec-

trometry. Gold-standard test for comparison was endoscopy for luminal

inspection and computed tomography (CT) to confirm cancer recurrence.

Three studies were conducted:

(1) Profiling study: 150 patients; 50 CRCa and 100 controls;

(2) Independent diagnostic validation: 79 patients; 25 CRCa and 54
controls;

(3) Independent clinical validation with tumor recurrence: 40 patients; 19

postoperative (no recurrence), and 21 CRCa recurrences.

Results:

(1) In multivariate analysis, propanal was significantly elevated in the

cancer cohort compared with control patients. Using a threshold of

28 ppbv, this gave a sensitivity of 96% and specificity of 76% for

CRCa diagnosis.

(2) In a prospective cohort, using a propanal threshold of 28 ppbv, this gave a

sensitivity of 83.3% and specificity of 84.7%.
(3) Following surgery, propanal reduced to levels expected in control patients,

and with recurrence, levels increased significantly. Using a threshold of

28 ppbv, the sensitivity for identification of CRCa recurrence was 71.4%
and specificity was 90.9%.

Conclusion: This study suggests the association of a single breath biomarker
with the primary presence and recurrence of CRCa. Further multicenter

validation studies are required to validate these findings.

Keywords: breath, colorectal cancer, diagnosis, recurrence, volatile organic

compounds

(Ann Surg 2017;xx:xxx–xxx)

W hen colorectal cancer (CRCa) is diagnosed at its earliest stage,
more than 9 in 10 people with CRCa will survive their disease

for 5 years or more, compared with less than 1 in 10 when diagnosed at
the latest disease stage.1 The utilization of bowel symptoms as the
primary diagnostic basis for CRCa has been shown to have a very poor
positive predictive value.2 Risk of CRCa in symptomatic patients can
be assessed by different investigations. Lower gastrointestinal (LGI)
endoscopy is the gold standard investigation, but the large scale of its
application has resource implications and its cost-effectiveness
depends on the predictive values of different symptoms. Guaiac fecal
occult blood test has good sensitivity of 87% to 98% in CRCa
detection, but highly variable and often unsatisfactory specificity
(13% to 79%), requiring the repetition of the test on multiple stool
samples. To date, the fecal occult blood test is neither recommended
nor available for use as an intermediate test.3–6 The fecal immuno-
chemical testing requires a single stool sampling. Four systems are
fully automated, and provide a quantitative measure of hemoglobin,
allowing selection of a threshold of positivity to fit specific circum-
stances. As a result, the research data available on sensitivity and
specificity for CRCa are based on small numbers of cancers. The data
suggest that, depending on the selected threshold for positivity, the
sensitivity for CRCa varies between 35% and 86% with specificity
between 85% and 95%.5,6 However, there are no data on the sensitivity
of the newer quantitative test for early-stage cancers. The multi-target
stool DNA test, when compared with the fecal immunochemical test in
a large multicenter study, the test showed a better specificity (92% vs
73%), but a lower sensitivity (90% vs 96%).7

An alternative approach for fecal-based tests is exhaled breath
testing with the potential for high compliance because of the nature
of the test and the possibility for testing more than one disease with
different VOC discriminative signatures.8,9 Researchers using gas
chromatography mass spectrometry (GC-MS) have suggested
the existence of a breath volatile organic compounds (VOCs)
profile specific to CRCa.10 GC-MS is good technique for VOC
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Pancreatic cancer

Original article

Profile of exhaled-breath volatile organic compounds to
diagnose pancreatic cancer

S. R. Markar , B. Brodie, S.-T. Chin, A. Romano, D. Spalding and G. B. Hanna

Department of Surgery and Cancer, Imperial College London, London, UK
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Background: Pancreatic cancer has a very poor prognosis as most patients are diagnosed at an advanced
stage when curative treatments are not possible. Breath volatile organic compounds (VOCs) have shown
potential as novel biomarkers to detect cancer. The aim of the study was to quantify differences in exhaled
breath VOCs of patients with pancreatic cancers compared with cohorts without cancer.
Methods: Patients were recruited to an initial development cohort and a second validation cohort. The
cancer group included patients with localized and metastatic cancers, whereas the control group included
patients with benign pancreatic disease or normal pancreas. The reference test for comparison was
radiological imaging using abdominal CT, ultrasound imaging or endoscopic ultrasonography, confirmed
by histopathological examination as appropriate. Breath was collected from the development cohort with
steel bags, and from the validation cohort using the ReCIVA™ system. Analysis was performed using gas
chromatography–mass spectrometry.
Results: A total of 68 patients were recruited to the development cohort (25 with cancer, 43 no
cancer) and 64 to the validation cohort (32 with cancer, 32 no cancer). Of 66 VOCs identified, 12
were significantly different between groups in the development cohort on univariable analysis. Receiver
operating characteristic (ROC) curve analysis using significant volatile compounds and the validation
cohort produced an area under the curve of 0⋅736 (sensitivity 81 per cent, specificity 58 per cent) for
differentiating cancer from no cancer, and 0⋅744 (sensitivity 70 per cent, specificity 74 per cent) for
differentiating adenocarcinoma from no cancer.
Conclusion: Breath VOCs may distinguish patients with pancreatic cancer from those without cancer.

Paper accepted 11 May 2018
Published online 18 July 2018 in Wiley Online Library (www.bjs.co.uk). DOI: 10.1002/bjs.10909

Introduction

Pancreatic cancers are estimated to cause over 40 000
deaths annually in the USA and were estimated to be
the fourth largest contributor to overall cancer deaths in
20171. Only 15–20 per cent of patients have potentially
curable disease at the time of diagnosis2,3. Referrals for
investigation of suspected pancreatic cancer from primary
care depend on symptom recognition. Large primary care
database studies and patient surveys indicate that patients
with pancreatic cancer visit their primary care physician
frequently in the months and years before diagnosis4. How-
ever, almost half of patients are still diagnosed as a result
of an emergency presentation to hospital5. Currently the
majority of European referral guidelines for the assess-
ment of pancreatic cancer are focused on patient demo-
graphics and clinical presentation, and commonly include

people aged 60 years and over with weight loss and other
symptoms6. Early symptoms are intermittent and over-
lap with those of other common benign conditions. The
difficulty in symptom recognition is compounded by a
lack of effective objective diagnostic methods that could
be employed in general practice. The vast majority of
biomarker studies have targeted high-risk groups, such as
those with hereditary pancreatitis, familial pancreatic can-
cer and intraductal papillary mucinous neoplasms. To date,
translation of biomarkers into clinical use has failed for a
variety of reasons, including failure to include appropri-
ate controls, such as patients with chronic pancreatitis, and
failure to account for confounding factors such as biliary
obstruction and diabetes7,8.

The role of volatile organic compounds (VOCs) in
exhaled breath as biomarkers has been investigated in
cancers of the breast, oesophagus, stomach, colon, rectum

© 2018 BJS Society Ltd BJS 2018; 105: 1493–1500
Published by John Wiley & Sons Ltd

1498 S. R. Markar, B. Brodie, S.-T. Chin, A. Romano, D. Spalding and G. B. Hanna

0·2 0·4

1 – specificity

a  Cancer versus no cancer

0·6 0·8 1·0
0

0·2

0·4

0·6

S
en

si
tiv

ity

0·8

1·0

0·2 0·4

1 – specificity

b  Adenocarcinoma versus no cancer

0·6 0·8 1·0
0

0·2

0·4

0·6

S
en

si
tiv

ity

0·8

1·0

Fig. 3 Receiver operating characteristic (ROC) plots for a cancer versus no cancer and b adenocarcinoma versus no cancer using data
from the validation cohort. The ReCIVA™ breath sample system was used for breath sampling

0⋅901 (95 per cent c.i. 0⋅819 to 0⋅982) for distinguishing
cancer from no cancer, with a sensitivity and specificity
of 80 and 95 per cent respectively (Fig. 2a). The AUC
for the analysis of adenocarcinoma versus no cancer was
0⋅990 (0⋅973 to 1⋅00), with a sensitivity and specificity
of 94 and 91 per cent respectively (Fig. 2b). For localized
adenocarcinoma versus no cancer, the AUC was 1⋅000, with
a sensitivity and specificity of 100 per cent, as all cases
of localized adenocarcinoma were correctly distinguished
from non-cancer cases.

For the model validation study, the AUC for distin-
guishing cancer from no cancer was 0⋅736 (0⋅614 to
0⋅858), producing a sensitivity of 81 per cent and speci-
ficity of 58 per cent (Fig. 3a). The AUC for distinguish-
ing adenocarcinoma from no cancer was 0⋅744 (0⋅615 to
0⋅873) with a sensitivity of 70 per cent and specificity of
74 per cent (Fig. 3b). In the validation study, the AUC
for localized adenocarcinoma versus no cancer was 0⋅855
(0⋅732 to 0⋅914), with a sensitivity of 79 per cent and
specificity of 81 per cent.

Discussion

Analysis of VOCs in exhaled breath identified a total of 12
compounds that were significantly dysregulated in patients
with pancreatic cancer. The significant VOCs were from
three main chemical groups, namely aldehydes, alkanes

and alcohols. All ROC models showed good discrimina-
tion, with AUC values over 0⋅700. Discrimination was
stronger in the models distinguishing adenocarcinoma
from no cancer.

The chemical group with the largest number of signif-
icantly dysregulated breath VOCs in pancreatic cancer
was the aldehyde group. Other studies9,13,20 have also
demonstrated changes in breath aldehyde in patients with
cancer, including oesophagogastric, colorectal and lung
tumours. The specific aldehydes of interest were different
depending on the cancer site. There are few data available
on the mechanisms underlying breath aldehyde changes
in pancreatic cancer. One possible explanation is altered
activity of enzymes, such as aldehyde dehydrogenase iso-
form 1 (ALDH1), as demonstrated in an in vitro study21.
ALDH1 causes the irreversible breakdown of aldehydes
to their corresponding carboxylic acid or alcohols, and
for this reason is thought to be crucial for the survival of
cancer stem cells22. By comparing a range of normal and
cancerous epithelial tissues, Deng and colleagues23 were
able to demonstrate that pancreatic cancers showed the
most extensive expression and activity of ALDH1. This
increased activity and expression of ALDH1 in pancreatic
cancers may explain the decreased levels of benzaldehyde
and the altered levels of alcohols observed in the present
study.

© 2018 BJS Society Ltd www.bjs.co.uk BJS 2018; 105: 1493–1500
Published by John Wiley & Sons Ltd
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Implementation into clinical practice

One breath triage test for multiple cancers
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