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Abstract

Background: Hepatocellular cancer (HCC) is associated with high mortality, and early diagnosis leads to better survival. Patients
with cirrhosis, especially due to nonalcoholic fatty liver disease and viral hepatitis, are at higher risk of developing HCC and
form the main screening group. The current screening methods for HCC (6-monthly screening with serum alpha fetoprotein and
ultrasound liver) have low sensitivity; hence, there is a need for better screening markers for HCC.

Objective: Our study, TENDENCY, aims to validate the novel screening markers (methylated septin 9, urinary volatile organic
compounds, and urinary peptides) for HCC diagnosis and study these noninvasive biomarkers in liver disease.

Methods: This is a multicenter, nested case-control study, which involves comparing the plasma levels of methylated septin 9
between confirmed HCC cases and patients with cirrhosis (control group). It also includes the comparison of urine samples for
the detection of HCC-specific volatile organic compounds and peptides. Based on the findings of a pilot study carried out at
University Hospital Coventry & Warwickshire, we estimated our sample size to be 308 (n=88, 29% patients with HCC; n=220,
71% patients with cirrhosis). Urine and plasma samples will be collected from all participants and will be frozen at –80 °C until
the end of recruitment. Gas chromatography–mass spectrometry will be used for urinary volatile organic compounds detection,
and capillary electrophoresis–mass spectrometry will be used for urinary peptide identification. Real-time polymerase chain
reaction will be used for the qualitative detection of plasma methylated septin 9. The study will be monitored by the Research
and Development department at University Hospital Coventry & Warwickshire.

Results: The recruitment stage was completed in March 2023. The TENDENCY study is currently in the analysis stage, which
is expected to finish by November 2023.

Conclusions: There is lack of effective screening tests for hepatocellular cancer despite higher mortality rates. The application
of more sensitive plasma and urinary biomarkers for hepatocellular cancer screening in clinical practice will allow us to detect
the disease at earlier stages and hence, overall, improve HCC outcomes.
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Introduction

Background
Hepatocellular cancer (HCC) has been the sixth most common
cancer worldwide and the third most frequent cause of
cancer-related deaths around the world in 2020 [1]. There has
been a significant increase in the incidence of HCC in the United
Kingdom and worldwide. Cirrhosis is the most potent risk factor
for HCC and hence constitutes the major screening group for
HCC globally. Cirrhosis can be caused by chronic viral hepatitis
(B and C), chronic alcohol abuse, inherited metabolic diseases
such as genetic haemochromatosis, or in some cases
alpha-1-antitrypsin deficiency. The acquired metabolic disorder,
nonalcoholic fatty liver disease (NAFLD), has also emerged as
an important risk factor. NAFLD is a manifestation of the
metabolic syndrome and is associated with type 2 diabetes
mellitus and obesity. NAFLD affects around 20% to 30% of
the adult population. Growing evidence suggests an increased
HCC incidence in patients with NAFLD, and it will become
the leading cause of HCC in the developed world [2,3].

The current screening strategy for HCC in the United Kingdom
in established cirrhotic and high-risk groups is 6-month (twice
a year) ultrasound surveillance scans and serum alpha
fetoprotein (AFP) measurement. However, there are significant
limitations associated with this approach. The sensitivity of
AFP for HCC detection is only 60%, and the specificity is
87.7%. Previously, any attempts to increase the cutoff to
increase the specificity had resulted in a lower sensitivity [4].
In fact, previous large-scale trials had shown that up to half of
patients with primary liver cancer are AFP negative [5]. Hence,
it is far from ideal as a screening test for HCC surveillance.
Ultrasound liver is very much operator dependent, and again,
the sensitivity remains modest around 63% for an early-stage
HCC case [6].

There is always a significant risk of missing early-stage HCC
or late diagnosis of HCC due to the poor sensitivity of the
current screening modalities. Unfortunately, the late diagnosis
of HCC is associated with overall poor outcomes, with a median
survival of around 6 to 20 months post diagnosis [7]. Early
diagnosis can be associated with curative options, including
surgical resection, liver transplantation, and radiofrequency
ablation. However, the chances of the earlier diagnosis rely
mostly on better screening.

Current methods used to diagnose cirrhosis and NAFL have
limitations. Transient elastography (TE) and enhanced liver
fibrosis tests are used to check the presence of fibrosis, with TE
also giving estimations of fatty changes in liver. However, they
both have limitations, with enhanced liver fibrosis being a
proprietary test [8] at a high cost (and with data coming from
observational studies), and TE being operator dependent and
nonconclusive in patients with a high BMI [9]. Hence, better

noninvasive diagnostic tests are required for NAFLD and
cirrhosis diagnosis and HCC screening.

Potential New Screening Markers for HCC and Liver
Disease for Further Evaluation in TENDENCY

Methylated Septin 9
Studies on colorectal cancer have identified that methylation
of the septin 9 gene occurs during carcinogenesis and is released
into the plasma, which leads to the development of blood-based
septin 9 gene methylation assays [10]. A study of 304 HCC
tissue samples showed that methylated septin 9(mSEPT9) is a
significant epi-driver gene in liver carcinogenesis [11]. He et
al [12] conducted a case control study (64 patients with HCC,
44 patients with liver cirrhosis, and 298 healthy individuals)
and demonstrated an overall plasma mSEPT9 sensitivity of
76.7% for the detection of HCC. However, further work is
required to validate these findings in screening a high-risk cohort
[12].

Li et al [13] showed plasma mSEPT9 to have a sensitivity of
82% and a specificity of 96% for HCC detection in a similar
study carried out in Beijing (including 104 patients with HCC,
95 patients at risk of the disease, and 174 healthy controls).

A proof-of-concept study done as part of the TENDENCY study
at University Hospital Coventry & Warwickshire (UHCW) with
141 participants (including 39 HCC cases) showed mSEPT9 to
have a sensitivity of 89% and a specificity of 81% (in
comparison to an AFP sensitivity of 50% and a specificity of
97%) [14]. Thus, mSEPT9 has a far better sensitivity than AFP.
However, in order to prove its applicability over the screening
population, we require validation in a larger cohort of HCC
cases against a control group of patients with cirrhosis (which
is the major screening group in clinical practice).

Volatile Organic Compounds
Volatile organic compounds (VOCs) are endogenous and
exogenous compounds with a lower boiling point and high vapor
pressure. Endogenous VOCs are predominantly produced as a
result of fermentation of nonstarchy polysaccharides and fibers
in gut. These compounds then permeate the bowel wall and
enter the portal circulation. Liver then plays further role in the
metabolism of these compounds via various enzymes. The end
products are subsequently excreted in various body secretions
[15]. In addition, several volatile organic compounds are
produced in liver as a result of complex metabolic processes
(including lipid peroxidation, dextrose metabolism, and
pathways involving cytochrome P450 enzymes). Any disruption
in these metabolic pathways and possible oxidative stress can
lead to fluctuations in the levels of relevant VOCs [16]. This
fact has formed the basis for further studies involving the
identification of various VOCs as possible biomarkers for liver
diseases.
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The UHCW research group conducted a pilot study that provides
proof of concept for further research into the role of VOCs in
NAFLD. The aim of the study was to determine whether urinary
VOCs could distinguish between various stages of fatty liver
disease (NAFLD, nonalcoholic steatohepatitis [NASH], and
NASH-C) and controls. The results suggested that urinary VOCs
can help distinguish between NASH and NAFLD [17].

The analysis of urinary VOCs has a potential role in the
screening of HCC. VOCs can be both released and metabolized
by HCC cells. A pilot study at UHCW (as part of the
TENDENCY project) has used gas chromatography–ion
mobility spectrometry and gas chromatography–time-of-flight
mass spectrometry to identify significant VOCs associated with

HCC and liver fibrosis. The gas chromatography–Ion mass
spectrometry data separated patients with HCC from the patients
with fibrosis with an area under the receiver operating
characteristic curve of 0.97. Seven compounds were identified
to be provisionally associated with HCC from the gas
chromatography–time-of-flight mass spectrometry data set. The
compounds included 4-methyl-2,4-bis
(p-hydroxyphenyl)pent-1-ene (2TMS derivative), 2-butanone,
2-hexanone, benzene, 1-ethyl-2-methyl-, 3-butene-1,2-diol,
1-(2-furanyl)-, bicyclo (4.1.0) heptane, 3,7,7-trimethyl-,
[1S-(1a,3β,6a)]-, and sulpiride. However, the sample size was
small, with 20 HCC and 38 non-HCC cases, and as a result,
quantification was not possible [18] (Table 1).

Table 1. Volatile organic compound (VOCs) as potential hepatocellular cancer (HCC) biomarkers [18].

Change in HCCVOC identified during GC-TOF-MSa

Lower4-Methyl-2,4-bis(p-hydroxyphenyl)pent-1-ene,2TMS derivative

Higher2-Butanone

Lower2-Hexanone

LowerBenzene, 1-ethyl-2-methyl-

Lower3-Butene-1,2-diol, 1-(2-furanyl)-

LowerBicyclo[4.1.0]heptane, 3,7,7-trimethyl-, [1S-(1a,3ß,6a)]-

LowerSulpiride

aGC-TOF-MS: gas chromatography–time-of-flight mass spectrometry.

Urinary Peptides
Significant alterations in protein expression occur during
carcinogenesis. These altered proteins then play an important
role in tumor cells proliferation via the modification of signaling
and other cellular metabolic pathways. Further characterization
of protein alterations has shown a specific association for certain
malignancies [19]. Hence, studies are being conducted to
evaluate the role of these altered proteins as possible cancer
biomarkers.

Several proteomics studies involving capillary electrophoresis
coupled to mass-spectrometry (CE-MS) have demonstrated a
good diagnostic potential of urinary peptide biomarkers [20].
A pilot study (joint collaboration of the United Kingdom and
Germany) has shown that peptides specific to HCC can be
identified by urinary CE-MS analysis. This study successfully
identified a set of 31 urinary peptides showing an overall
sensitivity of 79.5% for HCC. Further validation studies are
required on a larger cohort of HCC urine samples [21].

Aims and Objectives
The aim of this study is to investigate the metabolic function
in patients with liver disease and to identify the biomarkers in
liver disease.

Primary Objectives
Our primary aim was to study the metabolome of patients with
cirrhosis, NAFLD, and HCC to identify novel noninvasive
diagnostic biomarkers.

Secondary Objectives
We also aimed to achieve the following:

1. Characterize the urinary VOC biological signatures to
identify specific chemicals that can be used as biomarkers
in HCC.

2. Identify a specific urinary protein biomarker in HCC via
CE-MS.

3. Study blood for nuclear markers and compounds that can
be used as diagnostic tests in HCC.

Methods

Overview
This is a multicenter case-control study comparing patients with
HCC to patients with cirrhosis. Participants in the United
Kingdom will be recruited from UHCW, Russells Hall Hospital,
New Cross Hospital, and Royal Stoke University Hospital.
These hospitals cover the majority of West Midlands and North
Midlands in the United Kingdom, providing comprehensive
liver services. In addition, participants will also be recruited
from Pakistan Kidney and Liver Institute and Research Center.

The participants in this study will require one visit only.
Following posting the participant information sheet and a phone
call, the participant will be given an option of either attending
a specified research clinic or meeting after a routine clinic
appointment arranged for their care in UHCW. Urine and blood
samples for the study will be collected during that appointment.
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For recruitment, we will be identifying positive HCC cases
through HCC multidisciplinary team meetings as per the
international guidelines (inclusion criteria will include
radiological or histological confirmation) [2,22]. We will recruit
our control group of patients with cirrhosis (inclusion criteria
comprises radiological or clinical confirmation) via our cirrhotic
follow-up clinics.

Patients under the age of 18 years or pregnant or those unable
to give consent will be excluded from the study.

Written informed consent will be taken by a member of the
research team. Before taking consent, the patient will be given
adequate time to read the participant information sheet and will
be given the opportunity to ask any questions they may have.
Baseline data (as mentioned in Table 2) will be collected upon
the recruitment of the participants prior to the collection of
samples. Participant flowsheet throughout the study can be seen
in Textbox 1.

Table 2. Schedule of events.

Post appointmentAppointmentScreeningProcedure

XEligibility check

XRelevant participation information sheet and invitation letter posted to participant

XParticipant contacted to confirm their interest in taking part

XPatient attends routine appointment or attends dedicated research clinic

XInformed consent

XDemographic data (eg, date of birth and sex)

XMedical history

XCurrent medications or treatment modalities planned or done

XHeight and weight

XTaking blood sample

XXTaking urine sample

XCollecting relevant clinical data done as part of the standard clinical care

Textbox 1. Participant flowsheet throughout the study.

• Patient screened

• Confirmed patient diagnosis and eligibility

• Postinvitation letter and relevant participant information sheet

• Phone call to confirm if interested in participating

• Patient attends routine appointment or attends dedicated research clinic

• Patient approached by member of research team on the day of recruitment

• Informed consent taken

• Blood and urine sample taken

• If patient was unable to provide urine sample on the day, an option to send it via post will be provided.

Sample Size Calculation
Definitive sample size calculations are difficult as the
technologies used are novel with little available literature for
comparison. However, we have estimated our sample size based
on the preliminary findings of the TENDENCY pilot study
conducted from 2019 to 2021.The pilot study conducted at
UHCW (as part of TENDENCY) showed the sensitivity and
specificity of mSEPT9 as 89% and 81%, respectively, for
detecting HCC in patients with cirrhosis [14]. Based on that,
we have estimated our required total sample size using the
method used by Buderer [23] to be N=308, with 88 (29%)
patients with HCC and 220 (71%) patients with cirrhosis
(considering a 10% dropout rate for HCC). The prevalence has

been ascertained using cumulative 5-year incidence of HCC as
30% in certain groups of cirrhotic patients [24].

ME = half the 95% CI =0.05

Total sample size = n/prevalence

Storage and Analysis of Samples
After collection, urine specimens will be frozen at –80 °C in
the tissue bank for later analysis. Prior to analysis, they will be
left to thaw in a laboratory fridge overnight and aliquoted into
appropriate sample bottles.

JMIR Res Protoc 2023 | vol. 12 | e44264 | p. 4https://www.researchprotocols.org/2023/1/e44264
(page number not for citation purposes)

Hussain et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Urinary Volatile Organic Compounds
The detection of the urinary VOCs will consist of sample
concentration with a sample containment system, transfer of
the VOCs from the air sample to the analytical device with an
odor-sampling system, and detection and identification of each
VOC with proprietary instrument for analysis. Gas
chromatography–Ion mass spectrometry will identify different
VOCs. The data generated will then be digitized and processed
by computer software and subjected to principal-components
analysis to ascertain whether there are differences between the
different urine samples.

Urinary Proteomic Analysis
For the proteomic analysis, urine samples will be processed
using the CE-MS to help identify proteins specifically linked
to HCC. The principal stages involved in the process would
include the removal of large molecular proteins, CE-MS
analysis, CE-MS data processing, and support vector machine
processing and classification.

Plasma Analysis for Methylated Septin 9
Blood samples will be centrifuged at 5000 revolutions per
minute for 15 minutes, and at least 1 milliliter plasma will then
be decanted in a separate aliquot. The plasma samples will then
be frozen at –80 °C until the end of recruitment.

Plasma samples will then be analyzed using real-time
polymerase chain reaction with a fluorescent hydrolysis probe
for the methylation-specific detection of the septin 9 DNA target
(mSEPT9); this automated real-time polymerase chain reaction
test is aimed at a qualitative detection.

Study Overview
UHCW is the sponsor for the study and provides indemnity for
the study. An authorized representative of the sponsor has
approved the final version of this protocol with respect to the
study design, conduct, data analysis, interpretation, as well as
plans for the publication and dissemination of the results.

Monitoring, Audit, and Inspection
The study will be monitored by the Research & Development
department at UHCW as representatives of the sponsor to ensure
that the study is being conducted as per protocol, adhering to
Research Governance and Good Clinical Practice. The approach
to and extent of monitoring will be specified in a study
monitoring plan determined by the risk assessment undertaken
prior to the start of the study.

Ethics Approval
TENDENCY has been approved by Northeast-York Ethics
Committee (aproval number: 19/NE/0213). The Integrated

Research Application System (IRAS) number for the study is
260179, and the National Institute for Health and Care Research
(NIHR) portfolio ID is 42438. All the investigators will be
granted authorship in the final study reports.

Data Protection and Patient Confidentiality
This study will comply with the current data protection
regulations, and regular checks and monitoring will be
undertaken by the UHCW Research & Development department,
National Health Services to ensure compliance. Participants
will be assigned a unique identifier upon enrollment into the
study to allow link anonymization of patient-identifiable data.
Access to patient-identifiable data will be restricted to members
of the study coordination team, and electronic data will be stored
on password-protected, encrypted drives.

Results

The recruitment stage was completed in March 2023. The
TENDENCY study is currently in the analysis stage, which is
expected to finish by November 2023. The results from
TENDENCY will be published in medical journals and will be
of specific interest to clinicians managing chronic liver disease.
The results may form the basis for a possible change in the
screening pathways for cirrhosis, NAFL disease, and
hepatocellular cancer.

Discussion

The lack of more sensitive screening tests for HCC has prompted
a search for the novel biomarkers. The noninvasive blood tests
and urine tests can serve as an easier and more effective method
of the close surveillance of patients at a high risk for liver
disease. The findings of the TENDENCY study will provide a
basis of formulating better pathways for HCC screening. This
is the first large-scale UK multicenter study that incorporates
both urinary and plasma biomarker testing for HCC screening.
The findings from this study can provide a basis for the
development of assays incorporating a combination of
biomarkers for enhanced early-stage HCC detection.

Based on the findings of the study, the next step will be to study
the plasma mSEPT9 in posttreatment cohorts to study its
prognostic value.

The application of more sensitive plasma and urinary biomarkers
for hepatocellular screening in clinical practice could allow us
to detect HCC at earlier stages and overall improve the
outcomes.

Acknowledgments
We are very grateful to our hepatology colleagues Dr Esther Unitt and Dr Victoria Gordon (University Hospital Coventry &
Warwickshire) and Dr Sarah Townsend (New Cross Hospital) for their support. Funding for this study is provided by the Medical
Life Sciences Research Fund. The design and management of this study are entirely independent of the funder.

JMIR Res Protoc 2023 | vol. 12 | e44264 | p. 5https://www.researchprotocols.org/2023/1/e44264
(page number not for citation purposes)

Hussain et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Data Availability
The data sets generated during this study are not publicly available as the study is still ongoing and sample analysis has not taken
place.

Conflicts of Interest
None declared.

References

1. Cicalese L. Hepatocellular Carcinoma (HCC). Medscape. URL: https://emedicine.medscape.com/article/197319-overview#a6
[accessed 2023-04-14]

2. European Association for the Study of the Liver. EASL Clinical Practice Guidelines: Management of hepatocellular
carcinoma. J Hepatol 2018 Jul;69(1):182-236 [FREE Full text] [doi: 10.1016/j.jhep.2018.03.019] [Medline: 29628281]

3. Heimbach J, Kulik L, Finn R, Sirlin C, Abecassis M, Roberts L, et al. AASLD guidelines for the treatment of hepatocellular
carcinoma. Hepatology 2018 Jan;67(1):358-380 [FREE Full text] [doi: 10.1002/hep.29086] [Medline: 28130846]

4. Piñero F, Dirchwolf M, Pessôa MG. Biomarkers in Hepatocellular Carcinoma: Diagnosis, Prognosis and Treatment Response
Assessment. Cells 2020 Jun 01;9(6):1-27 [FREE Full text] [doi: 10.3390/cells9061370] [Medline: 32492896]

5. Wang T, Zhang K. New Blood Biomarkers for the Diagnosis of AFP-Negative Hepatocellular Carcinoma. Front Oncol
2020;10:1316 [FREE Full text] [doi: 10.3389/fonc.2020.01316] [Medline: 32923383]

6. Osho A, Rich NE, Singal AG. Role of imaging in management of hepatocellular carcinoma: surveillance, diagnosis, and
treatment response. Hepatoma Res 2020 Aug 27;6:1-20 [FREE Full text] [doi: 10.20517/2394-5079.2020.42] [Medline:
32944652]

7. Golabi P, Fazel S, Otgonsuren M, Sayiner M, Locklear C, Younossi Z. Mortality assessment of patients with hepatocellular
carcinoma according to underlying disease and treatment modalities. Medicine (Baltimore) 2017 Mar;96(9):e5904 [FREE
Full text] [doi: 10.1097/MD.0000000000005904] [Medline: 28248853]

8. Younossi ZM, Felix S, Jeffers T, Younossi E, Nader F, Pham H, et al. Performance of the Enhanced Liver Fibrosis Test to
Estimate Advanced Fibrosis Among Patients With Nonalcoholic Fatty Liver Disease. JAMA Netw Open 2021 Sep
01;4(9):e2123923 [FREE Full text] [doi: 10.1001/jamanetworkopen.2021.23923] [Medline: 34529067]

9. Afdhal NH. Fibroscan (transient elastography) for the measurement of liver fibrosis. Gastroenterol Hepatol (N Y) 2012
Sep;8(9):605-607 [FREE Full text] [Medline: 23483859]

10. Lofton-Day C, Model F, Devos T, Tetzner R, Distler J, Schuster M, et al. DNA methylation biomarkers for blood-based
colorectal cancer screening. Clin Chem 2008 Feb;54(2):414-423 [FREE Full text] [doi: 10.1373/clinchem.2007.095992]
[Medline: 18089654]

11. Villanueva A, Portela A, Sayols S, Battiston C, Hoshida Y, Méndez-González J, HEPTROMIC Consortium. DNA
methylation-based prognosis and epidrivers in hepatocellular carcinoma. Hepatology 2015 Jun;61(6):1945-1956 [FREE
Full text] [doi: 10.1002/hep.27732] [Medline: 25645722]

12. He N, Feng G, Zhang C, Wu F, Zhang T, Yang Y. Plasma levels of methylated septin 9 are capable of detecting hepatocellular
carcinoma and hepatic cirrhosis. Mol Med Rep 2020 Oct;22(4):2705-2714 [FREE Full text] [doi: 10.3892/mmr.2020.11356]
[Medline: 32945374]

13. Li B, Huang H, Huang R, Zhang W, Zhou G, Wu Z, et al. Gene Methylation as a Noninvasive Marker for Hepatocellular
Carcinoma. Dis Markers 2020;2020:6289063 [FREE Full text] [doi: 10.1155/2020/6289063] [Medline: 33178361]

14. Bannaga A, Alvarez R, Zhou L, Petchey M, Noufaily A, Hitchins M, et al. Role of methylated septin 9 as an adjunct
diagnostic and prognostic biomarker in hepatocellular carcinoma. HPB (Oxford) 2021 Oct;23(10):1595-1606 [FREE Full
text] [doi: 10.1016/j.hpb.2021.03.015] [Medline: 33931320]

15. Chandrapalan S, Arasaradnam RP. Urine as a biological modality for colorectal cancer detection. Expert Rev Mol Diagn
2020 May 11;20(5):489-496. [doi: 10.1080/14737159.2020.1738928] [Medline: 32130868]

16. Stavropoulos G, van Munster K, Ferrandino G, Sauca M, Ponsioen C, van Schooten FJ, et al. Liver Impairment-The Potential
Application of Volatile Organic Compounds in Hepatology. Metabolites 2021 Sep 11;11(9):1-22 [FREE Full text] [doi:
10.3390/metabo11090618] [Medline: 34564434]

17. Arasaradnam RP, McFarlane M, Daulton E, Westenbrink E, O'Connell N, Wurie S, et al. Non-invasive distinction of
non-alcoholic fatty liver disease using urinary volatile organic compound analysis: early results. J Gastrointestin Liver Dis
2015 Jun 01;24(2):197-201 [FREE Full text] [doi: 10.15403/jgld.2014.1121.242.ury] [Medline: 26114180]

18. Bannaga A, Tyagi H, Daulton E, Covington J, Arasaradnam R. Exploratory Study Using Urinary Volatile Organic Compounds
for the Detection of Hepatocellular Carcinoma. Molecules 2021 Apr 22;26(9):1-11 [FREE Full text] [doi:
10.3390/molecules26092447] [Medline: 33922256]

19. Pessoa J, Martins M, Casimiro S, Pérez-Plasencia C, Shoshan-Barmatz V. Editorial: Altered Expression of Proteins in
Cancer: Function and Potential Therapeutic Targets. Front Oncol 2022 Jun 22;12:949139 [FREE Full text] [doi:
10.3389/fonc.2022.949139] [Medline: 35814397]

JMIR Res Protoc 2023 | vol. 12 | e44264 | p. 6https://www.researchprotocols.org/2023/1/e44264
(page number not for citation purposes)

Hussain et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://emedicine.medscape.com/article/197319-overview#a6
http://www.journal-of-hepatology.eu/article/S0168827818302150/fulltext
http://dx.doi.org/10.1016/j.jhep.2018.03.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29628281&dopt=Abstract
https://onlinelibrary.wiley.com/doi/full/10.1002/hep.29086
http://dx.doi.org/10.1002/hep.29086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28130846&dopt=Abstract
https://www.mdpi.com/resolver?pii=cells9061370
http://dx.doi.org/10.3390/cells9061370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32492896&dopt=Abstract
https://europepmc.org/abstract/MED/32923383
http://dx.doi.org/10.3389/fonc.2020.01316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32923383&dopt=Abstract
https://europepmc.org/abstract/MED/32944652
http://dx.doi.org/10.20517/2394-5079.2020.42
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32944652&dopt=Abstract
https://europepmc.org/abstract/MED/28248853
https://europepmc.org/abstract/MED/28248853
http://dx.doi.org/10.1097/MD.0000000000005904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28248853&dopt=Abstract
https://europepmc.org/abstract/MED/34529067
http://dx.doi.org/10.1001/jamanetworkopen.2021.23923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34529067&dopt=Abstract
https://europepmc.org/abstract/MED/23483859
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23483859&dopt=Abstract
https://www.researchgate.net/publication/5758516_DNA_Methylation_Biomarkers_for_Blood-Based_Colorectal_Cancer_Screening
http://dx.doi.org/10.1373/clinchem.2007.095992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18089654&dopt=Abstract
http://hdl.handle.net/2445/110932
http://hdl.handle.net/2445/110932
http://dx.doi.org/10.1002/hep.27732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25645722&dopt=Abstract
https://europepmc.org/abstract/MED/32945374
http://dx.doi.org/10.3892/mmr.2020.11356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32945374&dopt=Abstract
https://doi.org/10.1155/2020/6289063
http://dx.doi.org/10.1155/2020/6289063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33178361&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1365-182X(21)00097-6
https://linkinghub.elsevier.com/retrieve/pii/S1365-182X(21)00097-6
http://dx.doi.org/10.1016/j.hpb.2021.03.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33931320&dopt=Abstract
http://dx.doi.org/10.1080/14737159.2020.1738928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32130868&dopt=Abstract
https://www.mdpi.com/resolver?pii=metabo11090618
http://dx.doi.org/10.3390/metabo11090618
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34564434&dopt=Abstract
https://doi.org/10.15403/jgld.2014.1121.242.ury
http://dx.doi.org/10.15403/jgld.2014.1121.242.ury
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26114180&dopt=Abstract
https://www.mdpi.com/resolver?pii=molecules26092447
http://dx.doi.org/10.3390/molecules26092447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33922256&dopt=Abstract
https://europepmc.org/abstract/MED/35814397
http://dx.doi.org/10.3389/fonc.2022.949139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35814397&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


20. Wittke S, Fliser D, Haubitz M, Bartel S, Krebs R, Hausadel F, et al. Determination of peptides and proteins in human urine
with capillary electrophoresis-mass spectrometry, a suitable tool for the establishment of new diagnostic markers. J
Chromatogr A 2003 Sep 26;1013(1-2):173-181. [doi: 10.1016/s0021-9673(03)00713-1] [Medline: 14604118]

21. Bannaga A, Metzger J, Voigtländer T, Pejchinovski M, Frantzi M, Book T, et al. Pathophysiological Implications of Urinary
Peptides in Hepatocellular Carcinoma. Cancers (Basel) 2021 Jul 27;13(15):1-22 [FREE Full text] [doi:
10.3390/cancers13153786] [Medline: 34359689]

22. Marrero J, Kulik LM, Sirlin CB, Zhu AX, Finn RS, Abecassis MM, et al. Diagnosis, Staging, and Management of
Hepatocellular Carcinoma: 2018 Practice Guidance by the American Association for the Study of Liver Diseases. Hepatology
2018 Aug;68(2):723-750 [FREE Full text] [doi: 10.1002/hep.29913] [Medline: 29624699]

23. Buderer NM. Statistical methodology: I. Incorporating the prevalence of disease into the sample size calculation for
sensitivity and specificity. Acad Emerg Med 1996 Sep;3(9):895-900 [FREE Full text] [doi:
10.1111/j.1553-2712.1996.tb03538.x] [Medline: 8870764]

24. Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellular carcinoma in cirrhosis: incidence and risk factors.
Gastroenterology 2004 Nov;127(5 Suppl 1):S35-S50. [doi: 10.1053/j.gastro.2004.09.014] [Medline: 15508101]

Abbreviations
AFP: alpha fetoprotein
CE-MS: capillary electrophoresis coupled to mass spectrometry
HCC: hepatocellular cancer
mSEPT9: methylated septin 9
NAFLD: nonalcoholic fatty liver disease
NASH: nonalcoholic steatohepatitis
TE: transient elastography
UHCW: University Hospital Coventry & Warwickshire
VOC: volatile organic compound

Edited by A Mavragani; submitted 22.11.22; peer-reviewed by H Wang, N Jiwani, S Basha; comments to author 12.01.23; revised
version received 02.02.23; accepted 26.02.23; published 31.05.23

Please cite as:
Hussain Y, Bannaga A, Fisher N, Krishnamoorthy A, Kimani P, Malik A, Truslove M, Joshi S, Hitchins M, Abbasi A, Corbett C,
Brookes M, Randeva H, Than NN, Arasaradnam RP
The Fatty Liver, Cirrhosis, and Liver Cancer Study (TENDENCY): Protocol for a Multicenter Case-Control Study
JMIR Res Protoc 2023;12:e44264
URL: https://www.researchprotocols.org/2023/1/e44264
doi: 10.2196/44264
PMID:

©Yaqza Hussain, Ayman Bannaga, Neil Fisher, Ashwin Krishnamoorthy, Peter Kimani, Ahmad Malik, Maria Truslove, Shivam
Joshi, Megan Hitchins, Abdullah Abbasi, Christopher Corbett, Matthew Brookes, Harpal Randeva, Nwe Ni Than, Ramesh P
Arasaradnam. Originally published in JMIR Research Protocols (https://www.researchprotocols.org), 31.05.2023. This is an
open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Research Protocols, is properly cited. The complete bibliographic information,
a link to the original publication on https://www.researchprotocols.org, as well as this copyright and license information must be
included.

JMIR Res Protoc 2023 | vol. 12 | e44264 | p. 7https://www.researchprotocols.org/2023/1/e44264
(page number not for citation purposes)

Hussain et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1016/s0021-9673(03)00713-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14604118&dopt=Abstract
https://www.mdpi.com/resolver?pii=cancers13153786
http://dx.doi.org/10.3390/cancers13153786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34359689&dopt=Abstract
https://doi.org/10.1002/hep.29913
http://dx.doi.org/10.1002/hep.29913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29624699&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=1069-6563&date=1996&volume=3&issue=9&spage=895
http://dx.doi.org/10.1111/j.1553-2712.1996.tb03538.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8870764&dopt=Abstract
http://dx.doi.org/10.1053/j.gastro.2004.09.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15508101&dopt=Abstract
https://www.researchprotocols.org/2023/1/e44264
http://dx.doi.org/10.2196/44264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

