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28 ABSTRACT

29

2(1) Objectives Outcomes in hepatocellular carcinoma are determined by both cancer
32 characteristics and liver disease severity. This study aims to validate the use of inpatient
33

34 electronic health records to determine liver disease severity from treatment and procedure
35

36 codes.

37

gg Design Retrospective observational study.

40

41 Setting Two National Health Service (NHS) cancer centres in England.

42

43

44 Participants 339 patients with a new diagnosis of hepatocellular carcinoma between 2007
45

46 and 2016.

47

jg Main Outcome Using inpatient electronic health records, we have developed an optimised
50 algorithm to identify cirrhosis and determine liver disease severity in a population with
51

52 hepatocellular carcinoma. The diagnostic accuracy of the algorithm was optimised using
53

54 clinical records from one NHS Trust and it was externally validated using anonymised data
55

56 from another centre.

57

gg Results The optimised algorithm has a positive predictive value (PPV) of 99% for identifying
60 cirrhosis in the derivation cohort, with a sensitivity of 86% (95% confidence interval, Cl: 82%-
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90%) and a specificity of 98% (95% Cl: 96%-100%). The sensitivity for detecting advanced stage
cirrhosis is 83% (95% Cl: 78%-89%) and specificity is 96% (95% Cl: 93%-99%), with a PPV of
89%.

Conclusions Our optimised algorithm, based on inpatient electronic health records, reliably
identifies and stages cirrhosis in patients with HCC. This highlights the potential of routine
health data in population studies to stratify patients with hepatocellular carcinoma according

to liver disease severity.
ARTICLE SUMMARY: STRENGTH AND LIMITATIONS OF THIS STUDY

e First study to use inpatient electronic health records to identify and stage cirrhosis
severity in a population with hepatocellular carcinoma.

e The presence of cirrhosis predicted by inpatient electronic health records is accurate
and advanced stage disease identified by the algorithm is associated with increased
disease severity scores in validation.

e A potential limitation is a variation in coding practices between centres and over time.

e This algorithm may be used in population studies to understand outcomes in

hepatocellular carcinoma, which require an assessment of liver disease severity.
INTRODUCTION

Primary liver cancer accounts for 2% of all cancers diagnosed in the UK, with approximately
5700 new cases each year [1] and these are most commonly hepatocellular carcinoma (HCC).
It is estimated that 70-90% of HCC occurs in the background of cirrhosis [2, 3] and global
outcomes are poor despite a number of treatment options [4]. Curative treatments may be
limited by poor liver function due to underlying cirrhosis, or late presentation of advanced
cancer in patients not known to have cirrhosis. Therefore to understand outcomes of patients

with HCC, it is essential to consider the presence and severity of cirrhosis in all analyses.

Population-based cancer registry data are used to describe trends in cancer incidence and
mortality in a number of cancer sites, as well as regional variation in clinical outcomes [5]. In
HCC research, registry data have been used to describe geographical variation in incidence,
survival and treatment allocation in France [6]. In England, the National Cancer Registration

and Analysis Service (NCRAS) dataset contains patient-level information about individuals
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with HCC, but information on the presence of cirrhosis is not currently included. Also, blood
test results are not collected, so cirrhosis severity using tools such as the Child Pugh score and

the Model for End-Stage Liver Disease (MELD) score cannot be calculated.

Previous international studies have outlined methods to use electronic health records (EHR)
to identify cirrhosis [7-10]. In the UK, Ratib and colleagues used a combination of inpatient
and outpatient records to identify cirrhosis and its complications, including oesophageal
varices and ascites [11]. These complications relate to advanced stage or “decompensated”
cirrhosis and they often result in admitted patient care. In England these records are captured
by the Hospital Episode Statistics (HES) database, which is linked to the cancer registry data
within NCRAS.

We present a clinical validation study using EHRs from two regional cancer centres in England
to assess the performance of an algorithm to determine liver disease severity using the local
inpatient HES records, which are subsequently transmitted to the national HES dataset. This
study aims to demonstrate the use of routinely-collected diagnosis and treatment codes to
identify the presence or absence of cirrhosis, and cirrhosis severity in individuals diagnosed

with HCC, for use in registry applications to improve outcomes for this patient group.

METHODS

All patients diagnosed with HCC between 15t January 2007 and 315t December 2016 and
resident in the secondary care catchment area of Leeds Teaching Hospitals NHS Trust (LTHT)
were identified from clinical audit data. Patients seen as tertiary referrals were excluded to
avoid selection bias and because the LTHT HES record would not contain the complete
cirrhosis follow-up. The local HES records were searched to identify inpatient episodes
containing codes related to cirrhosis within the ICD10 (International Classification of Diseases,
tenth revision) and OPCS4 (Office of Population, Censuses and Surveys’ Classification, fourth
revision), together with the corresponding time interval from the HCC diagnosis date. An
algorithm was developed to characterise patients from these codes, and comparison made
with the clinical records. External validation of the algorithm was undertaken using the same
search within the local HES records for patients diagnosed with HCC between 1%t January 2013
and 31t December 2014 and local to Royal Liverpool and Broadgreen University Hospitals

NHS Trust (RLBUHT).
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This retrospective study comprises an assessment of the accuracy of clinical coding of
inpatient episodes for service evaluation and as such does not require formal ethical approval.
All patient data were anonymised and permission was granted from the Caldicott Guardian

for sharing of routinely-collected anonymised data.
Patient and Public Involvement

Patients and public were not involved in this study.
Identification of Cirrhosis

To determine the presence of cirrhosis at HCC diagnosis, episodes containing cirrhosis-related
codes which occurred up to five years before the HCC diagnosis date were initially included.
However, to improve the sensitivity of the algorithm by maximising the number of available
inpatient codes, additional episodes occurring after HCC diagnosis were subsequently
included. This approach assumes that if an inpatient cirrhosis code occurs after the HCC
diagnosis, the patient is likely to have had cirrhosis at the time of HCC diagnosis. The
timeframe post-HCC diagnosis of included episodes was increased incrementally and the

performance of the algorithm tested to validate this assumption.

Different definitions of cirrhosis within ICD10 have been used in population studies [12]. Some
investigators [7, 8] used cirrhosis diagnosis codes only, whereas others [9] also included
varices codes. Ratib and colleagues [13] additionally included OPCS4 procedure codes for
treatment of varices and version 1 of our algorithm is based on this approach. Patients are
classified as cirrhotic if they had inpatient episodes containing the diagnosis and treatment
codes for cirrhosis or varices outlined in Table 1. In version 2, a broader definition of cirrhosis
proposed by Leon and colleagues [14] was used, including codes for “alcoholic liver disease”
(ALD, K70.9) and “alcoholic hepatic failure” (AHF, K70.4). To assess the accuracy of including
ascites as a cirrhosis-defining condition in HCC, codes for ascites and paracentesis were
included in version 3 of the algorithm. Previously, some investigators [9, 13] excluded ascites
in their definitions because this may be due to malignancy in the absence of cirrhosis in a
general population. In version 4, only ascites codes occurring before the HCC diagnosis date

were included.
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The clinical records were reviewed by three clinical investigators, each with greater than two
years specialist experience, to identify patients with clinical, radiological or histological
evidence of cirrhosis at the time of HCC diagnosis. This was used as the gold standard for
testing different versions of the algorithm to classify cirrhosis status. For comparison,

published algorithms [7-9, 13] were also tested in the LTHT cohort of patients with HCC.

Classification of Cirrhosis Severity

Cirrhosis severity was classified using the Baveno IV consensus [15]. Compensated cirrhosis is
defined by Baveno stage 1 (no ascites or varices) and stage 2 (non-bleeding varices).
Decompensated cirrhosis is defined by Baveno stage 3 (ascites, with or without varices) and
stage 4 (bleeding varices, with or without ascites). In this model of the natural history of
cirrhosis [3], patients progress to a higher Baveno stage over time, but do not return to a
lower stage. For each hospital episode, the Baveno stage and compensation status were
calculated using the diagnosis and treatment codes for ascites and varices in Table 1. Three
definitions of bleeding varices were tested; version A (based on Goldberg and colleagues [10])
contains ICD10 codes for variceal bleeding, version B (based on Ratib and colleagues [11]) also
includes OPCS4 codes for treatment of varices, and version C limits the inclusion of these
treatment codes to those occurring in a hospital episode with a concurrent ICD10 code for
gastrointestinal haemorrhage (K92.0, K92.1, and K92.2). This is to distinguish between

bleeding varices and the prophylactic treatment of non-bleeding varices.

Cirrhosis severity at the time of HCC diagnosis was determined by the highest Baveno stage
recorded in hospital episodes occurring in the five years before HCC diagnosis. In order to
increase the accuracy of this assessment, additional episodes occurring after the HCC
diagnosis date were also included. The timeframe post-HCC diagnosis of included episodes
was increased incrementally up to four months. The clinical records were reviewed to
determine the true Baveno stage at the time of HCC diagnosis, along with routine blood tests

for calculation of Child Pugh and MELD scores.

Statistical Analysis

Data management and statistical analysis was performed using Stata version 15.1 (StataCorp,

College Station, TX). The diagnostic accuracy of the algorithm to identify cirrhosis status and
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decompensation status involved comparison of sensitivity and specificity derived from 2 x 2
contingency tables [16]. For Baveno stage, agreement between the algorithm and the clinical
records were assessed using the kappa statistic. This is used to assess observer agreement for

categorical variables and allows for agreement occurring by chance [17, 18].

RESULTS

Study Population

During the study period, 289 patients (median age 69, 79% male) with a new diagnosis of HCC
were included. Review of the clinical record identified 191 (66%) of these as cirrhotic at HCC
diagnosis, 48 (25%) of whom had evidence of previous decompensation. In the external
validation cohort at RLBUHT, 50 patients meeting the inclusion criteria were assessed (median
age 71, 82% male), 31 (62%) of whom were cirrhotic and 11 (35%) with previous

decompensation.

Identification of Cirrhosis

Limiting the inclusion of episodes to those occurring before the HCC diagnosis results in a
sensitivity of less than 50% for cirrhosis detection (Table 2). When additional episodes are
included up until three years after the HCC diagnosis, the sensitivity increases to greater than

80% for all versions of the algorithm, without significant loss of specificity.

The sensitivity of algorithm 1 is increased by including ALD and AHF (version 2), and further
increased by including ascites (version 3). However, the inclusion of ascites also reduces the
specificity. This is overcome by limiting the inclusion of ascites to episodes that occurred
before the HCC diagnosis (version 4). Using this optimised algorithm and including records up
to three years post HCC diagnosis, the sensitivity is 86% (95% confidence interval, Cl: 82%-
90%) and the specificity is 98% (95% Cl: 96%-100%), with a positive predictive value (PPV) of
99% and negative predictive value (NPV) of 79% (95% Cl: 74%-83%) (Supplementary Table 1).
For external validation, when version 4 of the algorithm was applied to the RLBUHT cohort
with three years of follow-up, the sensitivity was 79% and specificity was 100%. Additionally,
version 4 of the algorithm outperformed published algorithms for cirrhosis detection when

they were applied to the LTHT cohort of HCC patients (Table 3).
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Classification of Cirrhosis Severity

Table 4 shows the performance of the three versions of the algorithm for determining
cirrhosis severity according to Baveno stage. Compared to version A, there is slightly less
agreement between the calculated Baveno stage and the clinical record in version B, where
Baveno stage 4 is defined by procedure codes for varices. Similarly, the sensitivity for
detecting decompensation (defined by Baveno stages 3 and 4) is increased in version B, but
with reduced sensitivity (Supplementary Table 2). Agreement between the algorithm and the
clinical record is optimised in version C, when bleeding varices are defined by a concurrent
gastrointestinal haemorrhage code. Agreement was further improved when episodes

occurring within 60 days of the registered HCC diagnosis were included.

Using version C with a 60 day interval in the LTHT cohort, agreement between the clinical
record and calculated Baveno stage was 84%, with a kappa coefficient of 0.74 (95% Cl: 71%-
77%). The sensitivity for detecting prior decompensation is 83% (95% Cl: 78%-89%) and
specificity is 96% (95% Cl: 93%-99%), with a PPV of 89% (95% Cl: 84% - 94%) and NPV of 93%
(95% Cl: 90%-97%). When this version was applied to the RLBUHT cohort for external
validation, the agreement of Baveno stage with the clinical record was 81% (kappa 0.70). The

sensitivity for detecting decompensation was 73% and specificity was 90%.

Finally, among the 167 LTHT patients identified as cirrhotic by the algorithm, 45 (27%) were
coded with prior decompensation. At the time of HCC diagnosis, Child Pugh class and MELD

scores were each higher in those individuals identified with decompensation (figure 1).
DISCUSSION
Main findings

This study demonstrates the reliability of an algorithm using inpatient HES records to identify
and stage cirrhosis in patients with HCC. This is the first such algorithm validated in a UK
population that uses only inpatient codes. Using inpatient codes from the whole follow-up
period improves the sensitivity of the algorithm in cirrhosis identification, without loss of
specificity. This validates the assumption that if a patient had an inpatient cirrhosis code
during follow-up, they had cirrhosis at the time of HCC diagnosis. Using a broad definition of

cirrhosis (versions 2-4) improves sensitivity and accounts for variations in coding practice in
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which ALD and AHF are coded synonymously with cirrhosis. Excluding ascites after HCC
diagnosis (version 4) improves the specificity; ascites in liver disease without HCC is most likely
to be due to cirrhosis, whereas it may be malignant ascites in the context of HCC. Algorithm
4 is an improvement over published algorithms for cirrhosis detection when they are applied
to our cohort of HCC patients. However, these algorithms also have a higher PPV in our cohort
thanin the corresponding validation studies in general populations due to the high prevalence
of cirrhosis among patients with HCC. Algorithm C (for assessing cirrhosis severity) also
outperformed published versions in this population. Inclusion of a concurrent gastrointestinal
haemorrhage code alongside variceal procedures distinguishes between treatment of

bleeding varices and treatment of non-bleeding varices for primary prevention.

Strengths and limitations

The strengths of this study are the systematic development of an algorithm which uses
routinely available inpatient episode codes, and its applicability to large population studies in
HCC. These patients often require hospital admission to manage complications in advanced
cirrhosis to receive HCC therapies. Limiting to inpatient episodes has therefore not reduced
the performance of the algorithm compared to the method employed by Ratib and colleagues
[11], which used a combination of inpatient and outpatient records. This study benefits from
robust case note evaluation, using both a development and external validation cohort. In the
UK, previous validation of inpatient coding was achieved using free text analysis of primary
care and death certification data [11], and the original case note validation of the cirrhosis

algorithm included only 36 patients [19].

The algorithm benefits from exploiting the ‘anchor point’ of the HCC diagnosis date, so that
inpatient codes can be associated with a time interval. This has led to optimised cirrhosis
detection and severity classification. The algorithm for cirrhosis detection was optimised
using three years of follow-up after HCC diagnosis, but the high sensitivity and specificity using

one year of follow-up may be sufficient in some settings.

The limitations include its location in specialist cancer centres, which may not reflect coding
practices throughout the UK and these may change over time. However, portal hypertensive
complications are common and often result in inpatient care and, since these are high cost

procedures, we anticipate them to be reliably coded. The analysis was limited to patients
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local to the two centres, in order to capture cirrhosis-related episodes. Additional episodes
may have been missed if patients were admitted elsewhere, but these would be captured by

the algorithm when extended to a national dataset.

Implications

This algorithm can be applied to population cancer registries, enabling the identification and
staging of cirrhosis in patients with HCC. This is essential for assessing clinical outcomes in
population-based studies of individuals with HCC both in the UK and elsewhere. It is hoped
that this will lead to a better understanding of outcomes in HCC, including progression of
underlying liver disease severity as well as overall survival. The algorithm may also be used in
other population-based applications which require the identification of cirrhosis and an

assessment of severity.

In this study, we demonstrated the use of inpatient HES records to determine the cirrhosis
severity at the time of HCC diagnosis. The algorithm may be adapted to classify the Baveno
stage at different time intervals following HCC diagnosis or date of treatment, so that

subsequent cirrhosis decompensation events can be identified over time.

Conclusion

This study demonstrates the reliability of an algorithm based on inpatient EHRs to stratify
patients with HCC according to liver disease severity. It may be used in routine health data in

order to assess outcomes in HCC in population studies.
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Cirrhosis Diagnoses (ICD10):

Cirrhosis

Alcoholic hepatic failure
Alcoholic liver disease

Ascites
Varices
Bleeding varices

Cirrhosis Treatments (OPCS4):

Treatment of ascites
Treatment of varices

Gastrointestinal Haemorrhage (ICD10):

Gastrointestinal haemorrhage

BMJ Open

Codes

K70.3, K71.7,K72.1, K74.4, K74.5, K74.6, K76.6,

K72.1, K72.9

K70.4
K70.9
R18.X

185.9, 186.4, 198.2

185.0, 198.3

T46.1, T46.2,106.1, J06.2
G10.4, G10.8, G10.9, G14.4, G17.4, G43.4, G43.7,

J06.1, J06.2

K92.0, K92.1, K92.2

Table 1. Treatment and procedure codes included in the algorithm to determine cirrhosis
status and cirrhosis severity.

Algorithm 1 Algorithm 2 Algorithm 3 Algorithm 4
No Ascites No Ascites Ascites Pre-HCC Ascites
- ALD - AHF + ALD + AHF + ALD + AHF + ALD + AHF
Time after HCC

Diagnosis/ days sens spec sens spec sens spec sens spec
0 0.45 1.00 0.47 1.00 0.49 1.00 0.49 1.00
30 0.52 1.00 0.55 1.00 0.57 0.99 0.57 1.00
60 0.60 1.00 0.64 1.00 0.67 0.98 0.66 1.00
90 0.66 1.00 0.70 1.00 0.73 0.97 0.72 1.00
120 0.68 1.00 0.72 1.00 0.74 0.97 0.74 1.00
150 0.71 1.00 0.75 1.00 0.78 0.96 0.77 1.00
180 0.72 0.99 0.76 0.99 0.79 0.95 0.78 0.99
365 0.76 0.99 0.80 0.99 0.82 0.94 0.82 0.99
730 0.80 0.98 0.84 0.98 0.87 0.92 0.85 0.98
1095 0.81 0.98 0.85 0.98 0.88 0.92 0.86 0.98
Total Follow-up | 0.81 0.98 0.85 0.98 0.88 0.92 0.86 0.98

Table 2. Performance of different versions of the cirrhosis status algorithm. Sens =
sensitivity, spec = specificity, ALD = Alcoholic Liver Disease, AHF = Alcoholic Hepatic Failure
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Algorithm

Sensitivity (%)

Specificity (%)

PPV (%)

Kramer et al.[7]

72

100

100

Jepsen et al.[8]

71

100

100

Nehra et al.[9]

80

98

99

Ratib et al.[13]

80

98

99

Table 3. Performance of different published algorithms for cirrhosis detection in the LTHT

cohort of patients with HCC. PPV = positive predictive value.

Algorithm A
Variceal bleeding
codes

Algorithm B
Variceal bleeding
codes or treatment
codes

Algorithm C
Variceal bleeding
codes or treatment
codes + UGIB

Time after HCC
Diagnosis/ days

Correct
Baveno
Stage (%)

K-statistic

Correct
Baveno
Stage (%)

K-statistic

Correct
Baveno
Stage (%)

K-statistic

0

80

0.67

80

0.67

81

0.70

30

82

0.70

81

0.70

83

0.73

60

83

0.71

82

0.71

84

0.74

90

81

0.69

80

0.69

82

0.71

120

81

0.69

80

0.69

82

0.71

Table 4. Performance of different versions of the Baveno stage algorithm. UGIB = Upper
gastrointestinal bleeding, K = kappa statistic.
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19 Figure 1. Box-and-whisker plots showing the distribution of MELD scores (A) and pie graphs showing the
20 distribution of Child Pugh class (B) within compensated and decompensated cirrhosis groups determined by
the algorithm.

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

Supplementary Tables

True Status

.Non-. Cirrhotic Total
cirrhotic

Negative for

Cirrhosis Cirrhosis 96 26 122
Algorithm "
Po§|t|ve for ) 165 167
Cirrhosis

Total 98 191 289

Supplementary Table 1. 2 x2 Contingency table for cirrhosis identification by optimised

algorithm version 4 with three years of follow-up.
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Algorithm A A'Igorlthm B A'Igorlthm C
. . Variceal bleeding Variceal bleeding
Variceal bleeding
codes codes or treatment codes or treatment
codes codes + UGIB
Time after HCC sens spec sens spec sens spec
Diagnosis/ days P P P
0 0.77 0.97 0.81 0.92 0.79 0.96
30 0.79 0.97 0.83 0.92 0.81 0.96
60
0.81 0.97 0.85 0.92 0.83 0.96
20 0.81 0.96 0.85 0.91 0.83 0.94
120 0.81 0.96 0.85 0.91 0.83 0.92

Supplementary Table 2. Performance of different versions of the Baveno stage algorithm for
predicting decompensation. Sens = sensitivity, spec = specificity, UGIB = Upper

gastrointestinal bleeding.
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1

2 STROBE 2007 (v4) checklist of items to be included in reports of observational studies in epidemiology*

i Checklist for cohort, case-control, and cross-sectional studies (combined)

5 Section/Topic Item # | Recommendation Reported on page #
6 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1

7

8 (b) Provide in the abstract an informative and balanced summary of what was done and what was found 1
?O Introduction

11 Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 1
12 Objectives 3 State specific objectives, including any pre-specified hypotheses 2
13

14 Methods

15 Study design Present key elements of study design early in the paper 2
16 Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 2-3
17 collection

13 Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe 2
20 methods of follow-up

51 Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control

2 selection. Give the rationale for the choice of cases and controls

23 Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants

24 (b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed

25 Case-control study—For matched studies, give matching criteria and the number of controls per case

26 Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic 2-4
27 criteria, if applicable

;g Data sources/ measurement 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 2-4
30 comparability of assessment methods if there is more than one group

31 Bias 9 Describe any efforts to address potential sources of bias

32 Study size 10 Explain how the study size was arrived at 4-5
33 Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen

34 and why

35 Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 4-5
36

37 (b) Describe any methods used to examine subgroups and interactions

38 (c) Explain how missing data were addressed

39 (d) Cohort study—If applicable, explain how loss to follow-up was addressed

2(1) Case-control study—If applicable, explain how matching of cases and controls was addressed

42
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Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy

(e) Describe any sensitivity analyses

Results
Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 5
confirmed eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram
Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and 5
potential confounders
(b) Indicate number of participants with missing data for each variable of interest
(c) Cohort study—Summarise follow-up time (eg, average and total amount)
Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures 4-6
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% 5-6
confidence interval). Make clear which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 6
Discussion
Key results 18 Summarise key results with reference to study objectives
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction
and magnitude of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results 7-8
from similar studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 8
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on | 12

which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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presence and severity of cirrhosis in patients with hepatocellular carcinoma in England —an

observational study
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ABSTRACT

32 Objectives Outcomes in hepatocellular carcinoma are determined by both cancer
34 characteristics and liver disease severity. This study aims to validate the use of inpatient
36 electronic health records to determine liver disease severity from treatment and procedure

38 codes.
Design Retrospective observational study.
43 Setting Two National Health Service (NHS) cancer centres in England.

46 Participants 339 patients with a new diagnosis of hepatocellular carcinoma between 2007

and 2016.

50 Main Outcome Using inpatient electronic health records, we have developed an optimised
52 algorithm to identify cirrhosis and determine liver disease severity in a population with
54 hepatocellular carcinoma. The diagnostic accuracy of the algorithm was optimised using
56 clinical records from one NHS Trust and it was externally validated using anonymised data

from another centre.
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Results The optimised algorithm has a positive predictive value (PPV) of 99% for identifying
cirrhosis in the derivation cohort, with a sensitivity of 86% (95% confidence interval, Cl: 82%-
90%) and a specificity of 98% (95% Cl: 96%-100%). The sensitivity for detecting advanced stage
cirrhosis is 80% (95% Cl: 75%-87%) and specificity is 98% (95% Cl: 96%-100%), with a PPV of
89%.

Conclusions Our optimised algorithm, based on inpatient electronic health records, reliably
identifies and stages cirrhosis in patients with HCC. This highlights the potential of routine
health data in population studies to stratify patients with hepatocellular carcinoma according

to liver disease severity.

ARTICLE SUMMARY: STRENGTH AND LIMITATIONS OF THIS STUDY

e First study to use inpatient electronic health records to identify and stage cirrhosis
severity in a population with hepatocellular carcinoma.

e The presence of cirrhosis predicted by inpatient electronic health records is accurate
and advanced stage disease identified by the algorithm is associated with increased
disease severity scores in validation.

e A potential limitation is a variation in coding practices between centres and over time.

e This algorithm may be used in population studies to understand outcomes in

hepatocellular carcinoma, which require an assessment of liver disease severity.
INTRODUCTION

Primary liver cancer accounts for 2% of all cancers diagnosed in the UK, with approximately
5700 new cases each year [1] and these are most commonly hepatocellular carcinoma (HCC).
It is estimated that 70-90% of HCC occurs in the background of cirrhosis [2, 3] and global
outcomes are poor despite a number of treatment options [4]. Curative treatments may be
limited by poor liver function due to underlying cirrhosis, or late presentation of advanced
cancer in patients not known to have cirrhosis. Therefore to understand outcomes of patients

with HCC, it is essential to consider the presence and severity of cirrhosis in all analyses.

Population-based cancer registry data are used to describe trends in cancer incidence and
mortality in a number of cancer sites, as well as regional variation in clinical outcomes [5]. In

HCC research, registry data have been used to describe geographical variation in incidence,
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survival and treatment allocation in France [6]. In England, the National Cancer Registration
and Analysis Service (NCRAS) dataset contains patient-level information about individuals
with HCC, but information on the presence of cirrhosis is not currently included. Also, blood
test results are not collected, so cirrhosis severity using tools such as the Child Pugh score and

the Model for End-Stage Liver Disease (MELD) score cannot be calculated.

Previous international studies have outlined methods to use electronic health records (EHR)
to identify cirrhosis [7-11]. In the UK, Ratib and colleagues used a combination of inpatient
and outpatient records to identify cirrhosis and its complications, including oesophageal
varices and ascites [12]. These complications relate to advanced stage or “decompensated”
cirrhosis and they often result in admitted patient care. In England all inpatient records are
captured by the Hospital Episode Statistics (HES) database, which is linked to the cancer
registry data within NCRAS.

We present a clinical validation study using EHRs from two regional cancer centres in England
to assess the performance of an algorithm to determine the presence and severity of cirrhosis
using the local inpatient HES records, which are subsequently transmitted to the national HES
dataset. This study aims to demonstrate that the use of routinely-collected diagnosis and
treatment codes from inpatient records alone is sufficient to identify cirrhosis and grade its
severity in patients with HCC. This will facilitate future studies of outcomes for patients with

HCC by considering the severity of any underlying cirrhosis.

METHODS

All patients diagnosed with HCC between 15t January 2007 and 315t December 2016 and
resident in the secondary care catchment area of Leeds Teaching Hospitals NHS Trust (LTHT)
were identified. The diagnosis of HCC was confirmed for all patients in a weekly Hepatobiliary
Cancer Multidisciplinary Team (MDT) meeting and the reporting of all cases to the national
cancer registry is mandatory. HCC was usually diagnosed by radiology, using the European
Association for the Study of the Liver (EASL) non-invasive criteria [13], and if indicated a
targeted biopsy was performed. Live minutes are taken at these meetings and details
collected into the clinical records along with a confirmed date of diagnosis. The cohort was
identified from the data submitted to the central registry. We only had access to the inpatient

codes from hospital episodes which occurred at LTHT. Therefore, only those patients
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registered with a Clinical Commissioning Group local to LTHT were included, where we would
expect them to have received their inpatient cirrhosis care. The local HES records were
searched to identify inpatient episodes containing codes related to cirrhosis within the ICD10
(International Classification of Diseases, tenth revision) and OPCS4 (Office of Population,
Censuses and Surveys’ Classification, fourth revision), together with the corresponding time
interval from the HCC diagnosis date. These codes are used routinely for reimbursement and
are submitted to the national HES dataset. An algorithm was developed to characterise
patients from these codes, and comparison made with the clinical records. External validation
of the algorithm was undertaken using the same search within the local HES records for
patients diagnosed with HCC between 15t January 2013 and 31t December 2014 and local to

Royal Liverpool and Broadgreen University Hospitals NHS Trust (RLBUHT).

This retrospective study comprises an assessment of the accuracy of clinical coding of
inpatient episodes for service evaluation and as such does not require formal ethical approval.
All patient data were anonymised and permission was granted from the Caldicott Guardian

for sharing of routinely-collected anonymised data.

Patient and Public Involvement

Patients and public were not involved in this study.

Identification of Cirrhosis

To determine the presence of cirrhosis at HCC diagnosis, episodes containing cirrhosis-related
codes which occurred up to five years before the HCC diagnosis date were initially included.
However, to improve the sensitivity of the algorithm by maximising the number of available
inpatient codes, additional episodes occurring after HCC diagnosis were subsequently
included. This approach assumes that if an inpatient cirrhosis code occurs after the HCC
diagnosis, the patient is likely to have had cirrhosis at the time of HCC diagnosis. The
timeframe post-HCC diagnosis of included episodes was increased incrementally and the

performance of the algorithm tested to validate this assumption.

Different definitions of cirrhosis within ICD10 have been used in population studies [14]. Some
investigators [7, 8] used cirrhosis diagnosis codes only, whereas others [9, 11] also included

varices codes. Ratib and colleagues [15] additionally included OPCS4 procedure codes for
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treatment of varices and version 1 of our algorithm is based on this approach. Patients are
classified as cirrhotic if they had inpatient episodes containing the diagnosis and treatment
codes for cirrhosis or varices outlined in Table 1. In version 2, a broader definition of cirrhosis
proposed by Leon and colleagues [16] was used, including codes for “alcoholic liver disease”
(ALD, K70.9) and “alcoholic hepatic failure” (AHF, K70.4). To assess the accuracy of including
ascites as a cirrhosis-defining condition in HCC, codes for ascites and paracentesis were
included in version 3 of the algorithm. Previously, some investigators [9, 15] excluded ascites
in their definitions because this may be due to malignancy in the absence of cirrhosis in a
general population. In version 4, only ascites codes occurring before the HCC diagnosis date

were included.

The clinical records were reviewed between April and August 2018 and data abstracted by
three clinical investigators (RID, VKB, JS), each experienced hepatology fellows working in this
field for at least two years. A standard abstraction form was used and discrepancies were
resolved by consensus view. Cirrhosis at the time of HCC diagnosis was identified based on
explicit mention of cirrhosis in the clinical record or MDT minutes, evidence of portal
hypertension on radiological imaging or endoscopy reports, explicit mention of cirrhosis on
liver biopsy or a consistent result on transient elastography. This was used as the gold
standard for testing different versions of the algorithm to classify cirrhosis status. For
comparison, published algorithms [7-9, 15] were also tested in the LTHT cohort of patients

with HCC.

Classification of Cirrhosis Severity

Cirrhosis severity was classified using the Baveno IV consensus [17]. Compensated cirrhosis is
defined by Baveno stage 1 (no ascites or varices) and stage 2 (non-bleeding varices).
Decompensated cirrhosis is defined by Baveno stage 3 (ascites, with or without varices) and
stage 4 (bleeding varices, with or without ascites). In this model of the natural history of
cirrhosis [3], patients progress to a higher Baveno stage over time, but do not return to a
lower stage. For each hospital episode, the Baveno stage and compensation status were
calculated using the diagnosis and treatment codes for ascites and varices in Table 1. Three
definitions of bleeding varices were tested; version A (based on Goldberg and colleagues [10])

contains ICD10 codes for variceal bleeding, version B (based on Ratib and colleagues [12]) also
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includes OPCS4 codes for treatment of varices, and version C limits the inclusion of these
treatment codes to those occurring in a hospital episode with a concurrent ICD10 code for
gastrointestinal haemorrhage (K92.0, K92.1, and K92.2). This is to distinguish between

bleeding varices and the prophylactic treatment of non-bleeding varices.

Cirrhosis severity at the time of HCC diagnosis was determined by the highest Baveno stage
recorded in hospital episodes occurring in the five years before HCC diagnosis. In order to
increase the accuracy of this assessment, additional episodes occurring after the HCC
diagnosis date were also included. The timeframe post-HCC diagnosis of included episodes
was increased incrementally up to four months. The clinical records were reviewed to
determine the true Baveno stage at the time of HCC diagnosis, along with routine blood tests
for calculation of Child Pugh and MELD scores. Baveno stage 2 was identified by non-bleeding
varices explicitly mentioned in the clinical records or endoscopy reports, but excluded a
report of portal hypertensive gastropathy. Baveno stage 3 was identified by explicit mention
of ascites in the clinical record, requiring diuretic therapy or paracentesis, but a small volume
of ascites only visible on cross-sectional imaging was excluded. Baveno stage 4 was identified
by explicit mention of variceal haemorrhage in the clinical record or endoscopy reports.
Clinical evidence of decompensation was identified by the presence of bleeding varices or

ascites, as per the Baveno IV classification.
Statistical Analysis

Data management and statistical analysis was performed using Stata version 15.1 (StataCorp,
College Station, TX). The diagnostic accuracy of the algorithm to identify cirrhosis status and
decompensation status involved comparison of sensitivity and specificity derived from 2 x 2
contingency tables [18]. For Baveno stage, agreement between the algorithm and the clinical
records were assessed using the kappa statistic. This is used to assess observer agreement for

categorical variables and allows for agreement occurring by chance [19, 20].
RESULTS
Study Population

During the study period, 289 patients (median age 69, 79% male) with a new diagnosis of HCC

were included (Table 2) and 249 (86.2%) of these had an inpatient record. Review of the
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clinical record identified 191 (66%) of these as cirrhotic at HCC diagnosis, 50 (26%) of whom
had evidence of previous decompensation. The median age of the cirrhotic group was 67
compared with 73 in the non-cirrhotic group (P < 0.001). An additional 15 patients had
histological evidence of advanced fibrosis but cirrhosis was not mentioned explicitly in the
clinical records. Among the patients who did not have an inpatient record, 12 had cirrhosis
according to outpatient case note review. In the external validation cohort at RLBUHT, 50
patients meeting the inclusion criteria were assessed (median age 71, 82% male), 31 (62%) of

whom were cirrhotic and 11 (35%) with previous decompensation.

Identification of Cirrhosis

Limiting the inclusion of episodes to those occurring before the HCC diagnosis results in a
sensitivity of less than 50% for cirrhosis detection (Table 3). When additional episodes are
included up until three years after the HCC diagnosis, the sensitivity increases to greater than

80% for all versions of the algorithm, without significant loss of specificity.

The sensitivity of algorithm 1 is increased by including ALD and AHF (version 2), and further
increased by including ascites (version 3). However, the inclusion of ascites also reduces the
specificity. This is overcome by limiting the inclusion of ascites to episodes that occurred
before the HCC diagnosis (version 4). Using this optimised algorithm and including records up
to three years post HCC diagnosis, the sensitivity is 86% (95% confidence interval, Cl: 82%-
90%) and the specificity is 98% (95% Cl: 96%-100%), with a positive predictive value (PPV) of
99% and negative predictive value (NPV) of 79% (95% Cl: 74%-83%) (Supplementary Table 1).
For external validation, when version 4 of the algorithm was applied to the RLBUHT cohort
with three years of follow-up, the sensitivity was 79% and specificity was 100%. Additionally,
version 4 of the algorithm outperformed published algorithms for cirrhosis detection when

they were applied to the LTHT cohort of HCC patients (Table 4).

Classification of Cirrhosis Severity

Table 5 shows the performance of the three versions of the algorithm for determining
cirrhosis severity according to Baveno stage. Compared to version A, there is slightly less
agreement between the calculated Baveno stage and the clinical record in version B, where

Baveno stage 4 is defined by procedure codes for varices. Similarly, the sensitivity for
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detecting decompensation (defined by Baveno stages 3 and 4) is increased in version B, but
with reduced specificity (Supplementary Table 2). Agreement between the algorithm and the
clinical record is optimised in version C, when bleeding varices are defined by a concurrent
gastrointestinal haemorrhage code. Agreement was further improved when episodes
occurring within 60 days of the registered HCC diagnosis were included. The performance
characteristics of the component codes are summarised in Supplementary Tables 3 and 4; the
sensitivity for detecting bleeding varices is increased in algorithm B, but the PPV and overall
agreement with the Baveno stage is reduced due to the misclassification of non-bleeding
varices. The sensitivity for detecting ascites is increased when both diagnosis and paracentesis

procedure codes are included.

Using version C with a 60 day interval in the LTHT cohort, agreement between the clinical
record and calculated Baveno stage was 84%, with a kappa coefficient of 0.74 (95% Cl: 71%-
77%). The sensitivity for detecting prior decompensation is 80% (95% Cl: 75%-85%) and
specificity is 98% (95% Cl: 96%-100%), with a PPV of 89% (95% Cl: 85% - 93%) and NPV of 96%
(95% Cl: 94%-98%). When this version was applied to the RLBUHT cohort for external
validation, the agreement of Baveno stage with the clinical record was 81% (kappa 0.70). The

sensitivity for detecting decompensation was 73% and specificity was 90%.

Finally, among the 167 LTHT patients identified as cirrhotic by the algorithm, 45 (27%) were
coded with prior decompensation. At the time of HCC diagnosis, Child Pugh class and MELD

scores were each higher in those individuals identified with decompensation (figure 1).

DISCUSSION

Main findings

This study demonstrates the reliability of an algorithm using inpatient HES records to identify
and stage cirrhosis in patients with HCC. This is the first such algorithm validated in a UK
population that uses only inpatient codes. Using inpatient codes from the whole follow-up
period improves the sensitivity of the algorithm in cirrhosis identification, without loss of
specificity. This validates the assumption that if a patient had an inpatient cirrhosis code
during follow-up, they had cirrhosis at the time of HCC diagnosis. Using a broad definition of

cirrhosis (versions 2-4) improves sensitivity and accounts for variations in coding practice in
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which ALD and AHF are coded synonymously with cirrhosis. Excluding ascites after HCC
diagnosis (version 4) improves the specificity; ascites in liver disease without HCC is most likely
to be due to cirrhosis, whereas it may be malignant ascites in the context of HCC. Algorithm
4 is an improvement over published algorithms for cirrhosis detection when they are applied
to our cohort of HCC patients. Algorithm C (for assessing cirrhosis severity) also outperformed
published versions in this population. Inclusion of a concurrent gastrointestinal haemorrhage
code alongside variceal procedures distinguishes between treatment of bleeding varices and

treatment of non-bleeding varices for primary prevention.

Strengths and limitations

The strengths of this study are the systematic development of an algorithm which uses
routinely available inpatient episode codes, and its applicability to large population studies in
HCC. These patients often require hospital admission to manage complications in advanced
cirrhosis to receive HCC therapies, or day case procedures such as paracentesis and
endoscopy which are also coded in the HES dataset. The high performance characteristics
(particularly the PPVs) derived from inpatient codes here are in part a consequence of the
high pre-test probability of cirrhosis in patients with HCC. This observation is supported by
the improved PPVs seen in existing algorithms in our cohort. In summary, this suggests that
inpatient episodes are sufficient for high quality analyses of the impact of cirrhosis and its

severity on the outcomes of patients with HCC.

This study benefits from robust case note evaluation, using both a development and external
validation cohort. In the UK, previous validation of inpatient coding was achieved using free
text analysis of primary care and death certification data [12], and the original case note
validation of the cirrhosis algorithm included only 36 patients [21]. The algorithm benefits
from exploiting the ‘anchor point’ of the HCC diagnosis date, so that inpatient codes can be
associated with a time interval. This has led to optimised cirrhosis detection and severity
classification. The algorithm for cirrhosis detection was optimised using three years of follow-
up after HCC diagnosis, but the high sensitivity and specificity using one year of follow-up may

be sufficient in some settings.

The limitations include its location in specialist cancer centres, which may not reflect coding

practices throughout the UK and these may change over time. However, portal hypertensive
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complications are common and often result in inpatient care and, since these are high cost
procedures, we anticipate them to be reliably coded. The analysis was limited to patients local
to the two centres, in order to capture cirrhosis-related episodes. Additional episodes may
have been missed if patients were admitted elsewhere, but these would be captured by the
algorithm when extended to a national dataset. The majority of patients had an inpatient
record, suggesting high rates of hospital admission in patients with cirrhosis and those
undergoing HCC treatment. The limitations of using inpatient codes alone are common to
other studies which have utilised the linked inpatient HES dataset to produce impactful

analyses [22, 23].

The proportion of patients with cirrhosis identified from their clinical records was 66% and
this is lower than previous reports [2, 3]. By limiting to inpatient codes, the algorithm missed
12/191 (6.3%) patients with cirrhosis and those with histological evidence of advanced
fibrosis were classified as non-cirrhotic. Many patients were diagnosed with HCC in the
absence of known liver disease; 68.4% of those without cirrhosis had no known underlying
liver disease aetiology (Table 2). If patients had advanced cancer at presentation their clinical
record may not have explicitly stated the presence of cirrhosis. Additionally, they may have
not been investigated further to establish a diagnosis of cirrhosis if not clinically appropriate.
It is also notable that there was a high proportion of patients aged over 80 years who were
not identified to have cirrhosis. Finally, the definition of decompensation using the Baveno IV
classification is limited because it does not capture hepatic encephalopathy (HE), which may
occur without variceal bleeding or ascites. HE can be coded in ICD10 code as “hepatic coma”,
but we found that this was used uncommonly in our cohort and so we did not broaden our

definition of decompensation beyond that used by Ratib and colleagues [12].
Implications

This algorithm can be applied to population cancer registries in the UK, enabling the
identification and staging of cirrhosis in patients with HCC. This is essential for assessing
clinical outcomes in population-based studies of individuals with HCC both in the UK and
elsewhere. It is anticipated that this will lead to a better understanding of outcomes in HCC,

including progression of underlying liver disease severity as well as overall survival. The
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algorithm may also be used in other population-based applications which require the

identification of cirrhosis and an assessment of severity.

In this study, we demonstrated the use of inpatient HES records to determine the cirrhosis
severity at the time of HCC diagnosis. The algorithm may be adapted to classify the Baveno
stage at different time intervals following HCC diagnosis or date of treatment, so that
subsequent cirrhosis decompensation events can be identified over time. This approach is
likely to have value in other health systems and we anticipate that the algorithm described

will be evaluated by other investigators in outcomes oriented research in cirrhosis and HCC.

Conclusion

This study demonstrates the reliability of an algorithm based on inpatient EHRs to stratify
patients with HCC according to the presence and severity of cirrhosis. It may be used in

routine health data in order to assess outcomes in HCC in population studies.

Cirrhosis Diagnoses (ICD10): Codes

Cirrhosis K70.3, K71.7,K72.1, K74.4, K74.5, K74.6, K76.6,
K72.1, K72.9

Alcoholic hepatic failure K70.4

Alcoholic liver disease K70.9

Ascites R18.X

Varices 185.9, 186.4, 198.2

Bleeding varices 185.0, 198.3

Cirrhosis Treatments (OPCS4):

Treatment of ascites T46.1, T46.2,106.1, J06.2
Treatment of varices G10.4, G10.8, G10.9, G14.4, G17.4, G43.4, G43.7,
J06.1, J06.2

Gastrointestinal Haemorrhage (ICD10):
Gastrointestinal haemorrhage K92.0, K92.1, K92.2

Table 1. Treatment and procedure codes included in the algorithm to determine cirrhosis
status and cirrhosis severity.
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Total No Cirrhosis Cirrhosis p_value
N (%) N (%) N (%)
289 98 191
Characteristic: (33.9%) (66.1%)
Age Group <50 22 (7.6) 10 (10.2) 12 (6.3) 0.26
50-59 49 (17.0) 10 (10.2) 39 (20.4) 0.04
60-69 81 (28.0) 18 (18.4) 63 (33.0) 0.03
70-79 92 (31.8) 31 (31.6) 61 (31.9) 0.95
80+ 45 (15.6) 29 (29.6) 16 (8.4) | <0.001
Sex Male 228 (78.0) 76 (77.6) | 152(79.6) | 0.83
Female 61 (21.1) 22 (22.4) 39 (20.4) 0.73
Ethnicity White 252 (87.1) 87(88.8) | 165(86.4) | 0.86
Black 12 (4.2) 5 (5.1) 7 (3.7) 0.58
South Asian 12 (4.2) 2 (2.0) 10 (5.2) 0.21
Chinese 4 (1.4) 0 4(2.1) 0.15
Other Ethnic Group 4 (1.4) 1(1.0) 3(1.6) 0.70
Not Stated 5(1.7) 3(3.1) 2 (1.0) 0.22
Aetiology HCV 44 (15.2) 4(4.1) 40 (20.9) | <0.001
HBV 17 (5.9) 5(5.1) 12 (6.3) 0.69
PBC 7 (2.4) 0 7 (3.7) 0.06
AlH 3(1.0) 0 3 (1.6) 0.21
Haemochromatosis 19 (6.6) 5(5.1) 14 (7.3) 0.48
Alcohol 68 (23.5) 4(4.1) 64 (33.5) | <0.001
NAFLD 43 (14.9) 13 (13.3) 30 (15.7) 0.60
Other/ unknown 88 (30.4) 67 (68.4) 21(11.0) | <0.001
MELD <10 90 (47.1)
10-14 73 (38.2)
15-19 21 (11.0)
20+ 7 (3.7)
Child Pugh A 131 (68.6)
B 44 (23.0)
C 16 (8.4)
Previous Ascites 37 (19.3)
Decompensation | Variceal bleed 13 (6.8)

Table 2. Baseline characteristics of the LTHT cohort. HCV = hepatitis C, HBV = hepatitis B,
PBC = primary biliary cirrhosis, AIH = autoimmune hepatitis, NAFLD = non-alcoholic fatty

liver disease.
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1
2 Algorithm 1 Algorithm 2 Algorithm 3 Algorithm 4
3 No Ascites No Ascites Ascites Pre-HCC Ascites
g - ALD - AHF + ALD + AHF + ALD + AHF + ALD + AHF
6 -
7 Time post 95% 95%
8 HCC Diagnosis | Sens al ° Spec | 95%Cl| Sens |[95%Cl| Spec | 95%Cl| Sens |95%CI| Spec |95%Cl| Sens |95%Cl | Spec al °
9 / days
10
0.39- 1.00- 0.41- 1.00- 0.43- 1.00- 0.43- 1.00-
1; 0 0.45 0.51 1.00 1.00 0.47 0.52 1.00 1.00 0.49 0.54 1.00 1.00 0.49 0.54 1.00 1.00
13 0.47- 1.00- 0.49- 1.00- 0.51- 0.98- 0.51- 1.00-
14 30 0.52 0.58 1.00 1.00 0.54 0.60 1.00 1.00 0.57 0.63 0.99 1.00 0.57 0.63 1.00 1.00
15 0.55- 1.00- 0.58- 1.00- 0.61- 0.96- 0.61- 1.00-
13 60 0.60 0.66 1.00 1.00 0.64 0.69 1.00 1.00 0.66 0.72 0.98 1.00 0.66 0.71 1.00 1.00
18 0.61- 1.00- 0.65- 1.00- 0.68- 0.95- 0.67- 1.00-
19 20 0.66 0.72 1.00 1.00 0.70 0.75 1.00 1.00 0.73 0.78 0.97 0.99 0.72 0.77 1.00 1.00
20 0.64- 1.00- 0.68- 1.00- 0.70- 0.95- 0.70- 1.00-
;; 120 0.69 0.74 1.00 1.00 0.73 0.78 1.00 1.00 0.75 0.80 0.97 0.99 0.75 0.80 1.00 1.00
23 0.67- 1.00- 0.72- 1.00- 0.74- 0.94- 0.73- 1.00-
" 150 0.72 0.77 1.00 1.00 0.76 0.81 1.00 1.00 0.79 0.83 0.96 0.98 0.78 0.83 1.00 1.00
25 0.68- 0.98- 0.73- 0.98- 0.75- 0.92- 0.74- 0.98-
;? 180 0.73 0.78 0.99 1.00 0.77 0.82 0.99 1.00 0.80 0.84 0.95 0.97 0.79 0.84 0.99 1.00
28 0.71- 0.98- 0.76- 0.98- 0.78- 0.91- 0.78- 0.98-
% 365 0.76 0.81 0.99 1.00 0.81 0.85 0.99 1.00 0.83 0.87 0.94 0.97 0.82 0.87 0.99 1.00
30 0.76- 0.96- 0.80- 0.96- 0.83- 0.93- 0.81- 0.96-
g; 730 0.80 0.85 0.98 1.00 0.84 0.88 0.98 1.00 0.87 0.91 0.95 0.98 0.85 0.89 0.98 1.00
0.77- 0.96- 0.81- 0.96- 0.84- 0.89- 0.82- 0.96-
33
34 1095 0.81 0.86 0.98 1.00 0.85 0.89 0.98 1.00 0.88 0.92 0.92 0.95 0.86 0.90 0.98 1.00
35 Total Follow- 0.77- 0.96- 0.81- 0.96- 0.84- 0.89- 0.82- 0.96-
g? up 0.81 0.86 0.98 1.00 0.85 0.89 0.98 1.00 0.88 0.92 0.92 0.95 0.86 0.90 0.98 1.00
38 Table 3. Performance of different versions of the cirrhosis status algorithm. Sens = sensitivity, Spec = specificity, ALD = Alcoholic Liver Disease,
39 AHF = Alcoholic Hepatic Failure. Cl = confidence interval.
40
41
42
22 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
45




oNOYTULT D WN =

Page 14 of 22

BMJ Open
. Sensitivity 95% Cl Specificity 95% Cl PPV 95% ClI
Algorithm
(%) Lower Upper (%) Lower Upper | (%) | Lower Upper

Kramer et al.[7] 72 67 77 100 100 | 100 | 100 | 100 | 100
Jepsen et al.[8] 71 66 76 100 100 | 100 | 100 | 100 | 100
Nehra et al.[3] 80 76 85 98 9% 100 99 97 100
Ratib et al.[15] 80 76 85 98 9 | 100 | 99 97 | 100

Algorithm 4 86 82 90 98 9% 100 99 97 100

Table 4. Performance of different published algorithms for cirrhosis detection in the LTHT

cohort of patients with HCC. PPV = positive predictive value. Cl = confidence interval.

Algorithm A A.Igorlthm B A_Igorlthm C
. . Variceal bleeding Variceal bleeding
Variceal bleeding
codes codes or treatment codes or treatment
codes codes + UGIB
Time after HCC Correct 7 Correct o Correct o
Diagnosis/ days Baveno K-statistic Baveno K-statistic Baveno K-statistic
g Y Stage (%) Stage (%) Stage (%)
0 80 0.67 80 0.67 81 0.70
30
82 0.70 81 0.70 83 0.73
60
83 0.71 82 0.71 84 0.74
90
81 0.69 80 0.69 82 0.71
120 81 0.69 80 0.69 82 0.71

Table 5. Performance of different versions of the Baveno stage algorithm. UGIB = Upper
gastrointestinal bleeding, K = kappa statistic.
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FIGURE LEGENDS

Table 6. Treatment and procedure codes included in the algorithm to determine cirrhosis
status and cirrhosis severity.

Table 7. Baseline characteristics of the LTHT cohort. HCV = hepatitis C, HBV = hepatitis B,
PBC = primary biliary cirrhosis, AIH = autoimmune hepatitis, NAFLD = non-alcoholic fatty
liver disease.

Table 8. Performance of different versions of the cirrhosis status algorithm. Sens =
sensitivity, Spec = specificity, ALD = Alcoholic Liver Disease, AHF = Alcoholic Hepatic Failure.
Cl = confidence interval.

Table 9. Performance of different published algorithms for cirrhosis detection in the LTHT
cohort of patients with HCC. PPV = positive predictive value. Cl = confidence interval.

Table 10. Performance of different versions of the Baveno stage algorithm. UGIB = Upper
gastrointestinal bleeding, K = kappa statistic.

Figure 1. Box-and-whisker plots showing the distribution of MELD scores (A) and pie graphs
showing the distribution of Child Pugh class (B) within compensated and decompensated
cirrhosis groups determined by the algorithm.
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Figure 1. Box-and-whisker plots showing the distribution of MELD scores (A) and pie graphs showing the
distribution of Child Pugh class (B) within compensated and decompensated cirrhosis groups determined by
the algorithm.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 19 of 22

oNOYTULT D WN =

BMJ Open

Supplementary Tables

True Status
Non-

Cirrhosis
Algorithm

Cirrhotic

cirrhotic

Total

Negative for
Cirrhosis

Positive for
Cirrhosis

96

26

165

122

167

Total

98

191

289

Supplementary Table 1. 2 x2 Contingency table for cirrhosis identification by optimised
algorithm version 4 with three years of follow-up.

Algorithm A
Variceal bleeding codes

Algorithm B

Variceal bleeding codes or
treatment codes

Algorithm C
Variceal bleeding codes or
treatment codes + UGIB

Time after
HCC
Diagnosis /
days

Sens

95%
Cl

Spec

95%
Cl

95%

Sens al

Spec

95%
Cl

95%
Cl

95%

Sens cl

Spec

0

0.74

0.69-
0.79

0.98

0.97-
1.00

0.73-

0.78 0.83

0.96

0.94-
0.98

0.71-
0.81

0.96-

0.76 1.00

0.98

30

0.76

0.71-
0.81

0.99

0.97-
1.00

0.75-

0.80 0.85

0.82

0.78-
0.86

0.73-
0.83

0.96-

0.78 1.00

0.98

60

0.78

0.73-
0.83

0.99

0.97-
1.00

0.76-

0.82 0.86

0.96

0.94-
0.98

0.75-
0.85

0.96-

0.80 1.00

0.98

90

0.78

0.73-
0.83

0.98

0.96-
1.00

0.76-

0.82 0.86

0.95

0.93-
0.98

0.75-
0.85

0.95-

0.80 0.99

0.97

120

0.78

0.73-
0.83

0.98

0.96-
1.00

0.76-

0.82 0.86

0.95

0.93-
0.98

0.75-
0.85

0.95-

0.80 0.99

0.97

Supplementary Table 2. Performance of different versions of the Baveno stage algorithm for
predicting decompensation. Sens = sensitivity, spec = specificity, UGIB = Upper
gastrointestinal bleeding.
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I oD
S

Algorithm A
Variceal bleeding codes

Variceal bleeding codes or
treatment codes

Algorith

mB Algorithm C

Variceal bleeding codes or
treatment codes + UGIB

Clinical

q
1,Condition

95%

Sens al

Spec

95%
Cl

PPV

Sens cl

95%

Spec

o5% | pev | |es% [
a | (%) a |°P

95%
Cl

PPV

1

Varices

0.71-

0.76 0.81

1.00

0.99-
1.00

92

0.62

0.56-
0.67

1.00

0.99- 0.71-
1.00 90 0.76 081 1.00

0.99-
1.00

96

1
1
1
14

3 Bleeding

Varices

0.25-

0.31 0.36

1.00

1.00-
1.00

80

0.92

0.9

0.89-

0.96

5

0.94- 0.56-
0.99 54 0.62 067 0.99

0.97-
1.00

67

o)
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Supplementary Table 3. Performance of different versions of the Baveno stage algorithm at

60 days post-HCC diagnosis for detecting varices and bleeding varices. Sens = sensitivity,
spec = specificity, Cl = confidence interval, PPV = positive predictive value.

Ascites detection using Algorithm C
(ICD10 codes and OPCS4 codes)

Ascites detection using
ICD10 code R18.X only

Clinical
Condition

Sens

95%
Cl

Spec

95%
Cl

PPV
(%)

95% 95% PPV

Sens cl Spec cl (%)

Ascites

0.73

0.68-
0.78

0.98

0.96-
0.99

73

0.51- 0.97-
0.57 0.62 0.98 1.00 84

Supplementary Table 4. Performance of ICD10 code R18.X for detection of ascites compared

with the optimised algorithm C which includes additional OPCS4 codes for paracentesis
(T46.1 and T46.2). Sens = sensitivity, spec = specificity, Cl = confidence interval, PPV =
positive predictive value.
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by the results of the reference standard
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generalisability
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STARD 2015

AIM

STARD stands for “Standards for Reporting Diagnostic accuracy studies”. This list of items was developed to contribute to the
completeness and transparency of reporting of diagnostic accuracy studies. Authors can use the list to write informative
study reports. Editors and peer-reviewers can use it to evaluate whether the information has been included in manuscripts
submitted for publication.

EXPLANATION

A diagnostic accuracy study evaluates the ability of one or more medical tests to correctly classify study participants as having
a target condition. This can be a disease, a disease stage, response or benefit from therapy, or an event or condition in the
future. A medical test can be an imaging procedure, a laboratory test, elements from history and physical examination, a
combination of these, or any other method for collecting information about the current health status of a patient.

The test whose accuracy is evaluated is called index test. A study can evaluate the accuracy of one or more index tests.
Evaluating the ability of a medical test to correctly classify patients is typically done by comparing the distribution of the index
test results with those of the reference standard. The reference standard is the best available method for establishing the
presence or absence of the target condition. An accuracy study can rely on one or more reference standards.

If test results are categorized as either positive or negative, the cross tabulation of the index test results against those of the
reference standard can be used to estimate the sensitivity of the index test (the proportion of participants with the target
condition who have a positive index test), and its specificity (the proportion without the target condition who have a negative
index test). From this cross tabulation (sometimes referred to as the contingency or “2x2” table), several other accuracy
statistics can be estimated, such as the positive and negative predictive values of the test. Confidence intervals around
estimates of accuracy can then be calculated to quantify the statistical precision of the measurements.

If the index test results can take more than two values, categorization of test results as positive or negative requires a test
positivity cut-off. When multiple such cut-offs can be defined, authors can report a receiver operating characteristic (ROC)
curve which graphically represents the combination of sensitivity and specificity for each possible test positivity cut-off. The
area under the ROC curve informs in a single numerical value about the overall diagnostic accuracy of the index test.

The intended use of a medical test can be diagnosis, screening, staging, monitoring, surveillance, prediction or prognosis. The
clinical role of a test explains its position relative to existing tests in the clinical pathway. A replacement test, for example,
replaces an existing test. A triage test is used before an existing test; an add-on test is used after an existing test.

Besides diagnostic accuracy, several other outcomes and statistics may be relevant in the evaluation of medical tests. Medical
tests can also be used to classify patients for purposes other than diagnosis, such as staging or prognosis. The STARD list was
not explicitly developed for these other outcomes, statistics, and study types, although most STARD items would still apply.

DEVELOPMENT

This STARD list was released in 2015. The 30 items were identified by an international expert group of methodologists,
researchers, and editors. The guiding principle in the development of STARD was to select items that, when reported, would
help readers to judge the potential for bias in the study, to appraise the applicability of the study findings and the validity of
conclusions and recommendations. The list represents an update of the first version, which was published in 2003.

More information can be found on http://www.equator-network.org/reporting-guidelines/stard.
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