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CONSTRUCTING THE ENTIRE CARE PATHWAY OF BOWEL CANCER PATIENTS
UNDERGOING EMERGENCY SURGERY TO IMPROVE THEIR QUALITY OF CARE.

SUMMARY OF THE RESEARCH

Background: Bowel cancer is a common disease with over 30,000 new cases per year in England
alone. [1] This cancer has a high rate of acute presentation with around one in five patients diagnosed
after an emergency hospital admission. [2] Emergency surgery to remove the tumour is usually
necessary because the patient’s condition is life threatening. However, it is a high-risk procedure, with
one in eight patients dying within 90 days. [1]

There are guidelines recommending the care that should be given to patients undergoing emergency
bowel surgery, including pre-operative documentation of the risk of surgery, having both a consultant
anaesthetist and surgeon present in theatre, and transfer of all high-risk patients from theatre to
critical care. [3-6] The evidence supporting these guidelines is limited. National clinical audits provide
a rich source of information on bowel cancer patients, their tumour pathology, the care received, and
the outcomes of care. This information is collected in several separate datasets:

e The National Bowel Cancer Audit (NBOCA) [1]

e The National Emergency Laparotomy Audit (NELA) [7]

e The Intensive Care National Audit Programme (ICNAP) [8]

o Hospital Episode Statistics dataset (HES) [9] with Office for National Statistics Mortality data
(ONS) [10]

These datasets have not been analysed together to date. By linking these national datasets together
the entire care pathway can be constructed so that the factors which have the greatest impact on the
outcomes of care can be identified. In order to do this, methodology must be developed to minimise
bias from data linkage errors, incomplete capture of patients in each audit, and confounding due to
patient selection, in which the care a patient receives depends on how sick they are.

Aims and anticipated impact: The aim of this project is to identify which processes of care reduce
mortality and complications in bowel cancer patients undergoing emergency surgery. In order to do
this, methods will be developed to minimise bias from data linkage errors, incomplete capture of
patients into each audit, and confounding due to patient selection. This will ensure that funding and
efforts are directed towards the interventions with the greatest impact on patient outcomes. However,
this research will have an impact far beyond the care for patients with bowel cancer. The methods
that will be developed are relevant for the study of all conditions where care is being delivered by
multiple providers.

Research plan: Firstly, we will develop methods for linking patients across datasets by improving the
existing techniques used by NHS Digital to link national datasets in order to reduce linkage errors
(“missed matches” and “false matches”). This will include developing probabilistic linkage methods
(i.e. producing match weights that reflect the likelihood that two records belong to the same individual,
given agreement/disagreement on a set of matching variables), and assessing the benefit of using
additional information to link datasets (as well as patient identifiers), such as admitting hospital and
dates and types of admissions and procedures (“indirect identifiers”).

Secondly, we will evaluate a new “spine” approach to data linkage that makes use of existing linkages
between the administrative dataset of all hospital admissions, Hospital Episode Statistics data (HES)
and national clinical datasets. This simple approach is potentially more secure and efficient than
linking each dataset in turn, because patient information does not need to be passed between
organisations for each linkage (and therefore security risk is minimised). However, this spine
approach will miss patients who are not identified in HES, potentially introducing selection bias. The
spine approach therefore represents a trade-off between “data security” and “data quality”. We will
assess the impact of using the spine approach by identifying scenarios in which it is sufficiently
robust.
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Third, we will develop coding strategies to determine how to synthesise multiple sources of the same
information across datasets, some of which will be conflicting. For example, surgical approach,
procedure type and metastatic cancer are all recorded in NBOCA, NELA and HES, but may be
recorded differently in each. This will result in a master linked dataset.

Finally, we will analyse the master linked dataset to identify the components of care which have the
greatest impact on patient outcomes, using careful risk-adjustment methods to deal with confounding
by patient selection. We will assess the sensitivity of our findings to the methods that we have
developed by comparing the estimates obtained using the different methods of data linkage.

BACKGROUND AND RATIONALE

Bowel cancer is one of the most common cancers in the UK and one in five patients are diagnosed
after an emergency admission to hospital. [1] One in eight dies after emergency surgery to remove
the tumour. [1]

Guidelines recommend how care should be delivered to these patients, such as documenting the risk
of surgery, getting patients into theatre within a recommended time, having a consultant surgeon and
anaesthetist present in theatre, and transferring patients to critical care after theatre. [3-6,11]
However, evidence that supports the guidelines is limited. Evidence could be generated using
national clinical datasets that routinely collect data on patients, their tumour, care, and outcomes.
However, data are collected in several separate disconnected datasets, as summarised in Figure 1.

Figure 1: Examples of some of the key data items available from each dataset at each point in the patient pathway. The
colour of each data item corresponds to the colour of the dataset in the box along the bottom of the diagram.
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Identifying the processes of care that have the greatest impact on outcomes could be achieved
through linking these national datasets together to reconstruct the entire care pathway. Example
guestions that could only be answered through linking all of the national datasets are listed below,
together with the dataset that collects each piece of information.

e Does a patient’s delay into theatre [NELA] affect their risk of death [ONS] or surgical
complications [ICNAP], HES], after taking into account how sick they are [NBOCA, NELA,
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HES], how advanced their cancer [NBOCA], and the other processes of care they receive
[NELA, NBOCA, ICNAP]?

e Does direct transfer to an appropriate level of critical care [NELA, ICNAP] affect a patient’s
risk of death [ONS] or surgical complications [ICNAP, HES], after taking into account how sick
they are [NBOCA, NELA, HES], how advanced their cancer [NBOCA], and the other
processes of care they receive [NELA, NBOCA, ICNAP]?

e Does having a consultant colorectal surgeon available at all times at a hospital [NBOCA]
affect patients’ risk of death [ONS] or surgical complications [ICNAP, HES], after taking into
account how sick patients are [NBOCA, NELA, HES], how advanced their cancer [NBOCA],
and the other processes of care they receive [NELA, NBOCA, ICNAP]?

In each example, information is needed from every dataset in order to define the relevant care
processes, outcomes and risk-adjustment factors. Each analysis therefore relies on the linkage of all
four datasets.

The first two questions are examples of how patient-level factors affect outcomes, whereas the third
guestion is an example of how a hospital-level factor affects patient outcomes. Hospital-level
information is available from organisational audits carried out as part of NELA and NBOCA to collect
data on the services available at each hospital.

However, linking multiple datasets is not straightforward:

e Inaccurate or incomplete identifiers (e.g. NHS number and postcode) can lead to errors in linking
patients. Rates of linkage errors can differ between patient sub-groups, due to differing data
quality. [12,13] This can potentially introduce selection bias, if particular sub-groups of individuals
are less likely than others to be included in the linked dataset, and can mean true associations
are missed, or false associations found.[14-16] Linkage errors are compounded when linking
multiple data sources with errors in each linkage.

e Transfer of personal information for linkage is associated with a risk of disclosure. This risk
increases with the number of datasets to be linked. Differences in processes and documentation
required by each organisation also have to be overcome.

e Therefore, existing methods for linkage of multiple datasets need to be further developed to
ensure that an analysis of the linked dataset produces results that are accurate and reliable, and
that the data linkage process is secure and efficient.

EVIDENCE EXPLAINING WHY THIS RESEARCH IS NEEDED NOW

In 2011 the National Confidential Enquiry into Patient Outcomes and Death raised concerns about the
quality of care in emergency surgery in the UK. [4] Although survival of these patients is improving, a
recent international comparison of emergency surgery found that outcomes were worse in England
than in Australia or the US for patients undergoing emergency abdominal surgery. [17]

Over the last three years processes of care for patients undergoing emergency laparotomy in England
and Wales have improved. For example, the proportion of patients with a consultant surgeon and
anaesthetist present in theatre increased from 70% to 79%, the proportion with preoperative risk
documented increased from 56% to 71%, and the proportion with a CT scan reported by a consultant
anaesthetist has increased from 73% to 79%. [7] Over the same time-period 90-day mortality of
patients having emergency surgery for bowel cancer has fallen from 14.2% to 11.9% [1].

It is currently difficult to establish which processes of care improve patient outcomes because:

1. Different aspects of care are collected in different datasets.
2. The sickest patients tend to receive the most prompt and thorough care, leading to so-
called “confounding by patient selection”.

Data have been collected since 2014 on the details of perioperative care in bowel cancer patients
undergoing emergency surgery, in the National Emergency Laparotomy Audit. Patient and pathology
information is also collected on these patients in the National Bowel Cancer Audit, and critical care
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data is collected in the Intensive Care National Audit Programme. Linking these datasets together will
provide, for the first time, a rich source of information on around 3,500 bowel cancer patients having
emergency surgery per year [1,7].

There is wide variation in hospital adherence to guidelines, such as documented risk of surgery,
consultant presence in theatre, and transfer to critical care [7] and hospitals are improving their
adherence to guidelines at different rates. [7] By modelling processes and outcomes of patients over
time, and across hospitals, we have a unique opportunity to disentangle the processes of care that
have the greatest impact on patient outcomes. Patient-related, hospital-related and staff-related
factors of care all need to be considered. The temporal relationship between processes of care and
outcomes for each patient, together with modern statistical methods, will strengthen support for
cause-effect associations.

AIMS AND OBJECTIVES

The aim of this project is to improve the quality of emergency care of bowel cancer patients in order to
save lives and reduce complications. The project will identify the processes of care with the greatest
impact on mortality and complications of surgery. The information required to do this is collected in
England in several separate datasets. These will be linked in order to construct the entire patient
pathway. However, methodological issues need to be overcome:

e Standard methods for linking healthcare datasets by NHS Digital rely on deterministic linkage
of a set of patient identifiers e.g. NHS number, sex, date of birth and postcode. This involves
a set of deterministic rules that are used to classify records as links or non-links. Such linkage
methods could be improved by (i) making use of a wider set of information common to both
datasets including identifiers and “indirect identifiers” such as dates and types of admissions
and procedures; and (ii) by generating weights that rank record pairs in terms of the likelihood
of them belonging to the same patient (probabilistic linkage).

¢ Most national clinical audits have already been linked to hospital admission data (HES).Using
HES as the “spine” would be possible without requiring any further linkages or release of
patient identifiers. However, the spine approach would miss any patients not identified in
HES, potentially leading to selection bias.

o There will be multiple sources of the same information across datasets, some of which will be
conflicting. For example, surgical approach, procedure type and metastatic cancer are all
recorded in NBOCA, NELA and HES, but may not agree between all of the sources. Coding
strategies need to be developed to overcome this.

e Causal relationships between processes and outcomes of care can be difficult to establish,
especially as the care that patients receive depends on how sick they are, known as
confounding by patient selection. Risk-adjustment methods need to be developed to
overcome this potential bias.

This project will develop improved methods for linking multiple datasets and will assess the impact of
the choice of methods on the findings of the research to identify which processes of care have the
greatest impact on patient outcomes. The specific objectives are:

1. Identify which processes of care have the greatest impact on outcomes of patients with bowel
cancer undergoing emergency surgery, making use of the linked datasets. In order to do this:
2. Determine the most accurate methods for linking multiple datasets in order to minimise bias
due to linkage errors.
e Evaluate probabilistic versus deterministic linkage strategies
e Evaluate the use of indirect identifiers such as admitting hospital and dates and types
of admissions and procedures, in place of and in addition to patient identifiers.
3. Assess a new approach to data linkage, which makes use of existing linkages between HES
and national clinical datasets.
e Compare this new approach, using HES as the spine, to a more inclusive approach in
which every dataset is linked to every other dataset (pairwise linkage).
4. Develop coding strategies to synthesise the same information collected in multiple datasets
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5. Develop a risk-adjustment model specific to bowel cancer patients undergoing emergency
surgery, incorporating information from across the datasets about patient and tumour
characteristics, and physiological measures.

6. Assess the extent to which the methods for data linkage and risk-adjustment impact on the
findings.

RESEARCH PLAN / METHODS

The objectives will be tackled in four work packages (WPs), initially focussing on methods required to
create a comprehensive, high quality dataset with which to investigate the effects of processes of care
on outcomes in bowel cancer patients undergoing emergency surgery, and finally assessing the
sensitivity of these analyses to different methods.

WP1: Improve the methods for linking multiple datasets to minimise linkage errors [Months 1-
12]

The standard approach to linking national clinical audits is to use deterministic linkage on four patient
identifiers (NHS number, date of birth, sex and postcode). This approach is sub-optimal because (i) it
makes use of a limited amount of information to link records, and (ii) it is a deterministic method,
meaning that errors or missing values in the identifiers can prevent records belonging to the same
individual being linked, known as “missed matches”. Missed matches will reduce statistical power
and, where linkage errors do not occur randomly, can lead to under- and over-estimation of
associations. [12,13] “False matches”, in which records of different patients are incorrectly linked, tend
to increase variation in the data and therefore lead to conservative estimates of associations.

Linkage accuracy can be improved by:

1. Using indirect identifiers, such as dates of admissions and procedures, as well as patient
identifiers, to link records. [18-21] The use of additional information has the potential to
reduce both missed matches (i.e. by providing additional information where patient identifiers
are missing) and false matches (i.e. by better discriminating between records with similar
identifiers). [22] In the current climate of stricter control of patient data, the use of ‘indirect’
identifiers alone, without patient identifiers, has great potential to preserve data security. It
would allow analysts to link anonymised or pseudonymised datasets without the need to
transfer patient identifiers between multiple organisations, which can lead to increases in the
risk of disclosure of personal information as well as substantial delay.

2. Probabilistic linkage, which can substantially increase the proportion of records that can be
linked. [22,23] This technique generates a match weight for each pair of records, which
represents the likelihood that records belong to the same individual. Match weights are
generated from the pattern of agreement between identifiers in different records, where
agreement contributes positively to the match weight, and disagreement contributes a
penalty. The way in which match weights are calculated takes into account the discriminatory
power of identifiers (so that, for example, agreement on date of birth would produce a higher
match weight than agreement on sex). It can also incorporate information on how common or
rare a matching value is, for example by assigning higher weights to very old patients (who
are less likely to agree on date of birth by chance) than to average aged patients (who are
more likely to agree on date of birth by chance). Records are then classified as links or non-
links by comparing match weights with a cut-off threshold. Work carried out by our team
linking baby records to their mother’s records in HES, found that probabilistic linkage using
only indirect identifiers linked 98% of babies to mothers. Probabilistic linkage can, potentially,
increase the rate of false matches, depending on the threshold chosen, but probabilistic
linkage methods have been shown to achieve very high linkage rates at the cost of minimal
false linkages. [22-24]

We will evaluate four approaches to data linkage, the first of which is the approach currently used to
link national clinical audits:

5of 17



The research project Constructing the entire care pathway of bowel cancer patients undergoing
emergency surgery to improve their quality of care is funded by NIHR Health Services and Delivery
Research Programme

Deterministic linkage on patient identifiers

Probabilistic linkage on “proxy” identifiers, described below
Probabilistic linkage on indirect identifiers only

Probabilistic linkage on indirect identifiers and “proxy” identifiers

NHS Digital will carry out the standard deterministic linkage on four patient identifiers and the other
linkage methods will be carried out by our team. We hold data on patient sex but not NHS number,
date of birth or postcode. NHS Digital’s linkage report will tell us whether there is an exact match on
NHS number or not, and we will use month and year of birth as an alternative to date of birth, and
lower super output area of residence as an alternative to patient postcode. We call these set of
identifiers “proxy” identifiers to distinguish them from the patient identifiers used by NHS Digital to
carry out data linkage. Rather than asking NHS Digital to carry out any bespoke linkage methods for
this project, our approach is to replicate what is currently available to analysts of linked datasets so
that the methods developed here will be widely applicable to audits, service evaluation projects and
research in which national clinical datasets are linked.

Each pairwise linkage between the datasets will be evaluated separately. WP2 will explore the
combinations of these pairwise linkages.

Evaluation of the linkage methods

The linkage methods will be evaluated using a published three-step process developed by members
of our team: [25]
1. Applying the linkage algorithms to a subset of gold standard data to quantify linkage error
2. Comparing the characteristics of linked and unlinked data from each linkage method to
identify potential sources of bias
3. Evaluating the sensitivity of our results to the choice of linkage procedure.

1. Applying the linkage algorithms to a subset of gold standard data to quantify linkage error

We will generate a “gold standard” linked dataset that will be used to evaluate each of the four linkage
approaches described above. We will use established methods for creating a gold-standard dataset
using manual review [26]: a subsample of record pairs will be drawn from the datasets to be linked,
and the “true” match status of each record pair will be determined from manually inspecting all
identifiers and other information available in both datasets (e.g. patient identifiers, indirect identifiers,
and other clinical and geographic information). [27] The gold standard dataset will include certain
matches (e.g. those agreeing on all matching variables), certain non-matches (records disagreeing on
all matching variables), and records that are more difficult to classify (those with agreement on some
matching variables and disagreement on others). For each record pair, we will determine the true
match status, and this will be compared to the results from each of the four linkage methods
described above. The linkage quality of each method will be quantified using the following metrics:
(23]

e Sensitivity: The proportion of true matches that are linked

o Positive predictive value (PPV): The proportion of linked records that are true matches

e False match rate: The proportion of non-matches that are linked

2. Comparing the characteristics of linked and unlinked data from each linkage method to identify
potential sources of bias

Comparisons will be made of the characteristics of linked and unlinked records of patients identified
as eligible for the study. [25] This will allow us to identify any potential sources of bias, if particular
subgroups of patients are more difficult to link (and therefore less likely to be included in the linked
dataset used for analysis). By making comparisons across risk-adjustment variables, processes of
care, hospital facilities and patient outcomes, we will be able to assess the likely impact on the
analyses of the effect of care processes on patient outcomes.

3. Evaluating the sensitivity of our results to the choice of linkage procedure.
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Strategies 1 and 2 above will provide overall measures of linkage error, and information on whether
particular groups of patients are more affected by linkage error than others. Conducting a sensitivity
analysis will enable us to further determine whether any linkage error is likely to introduce bias into
results. In WP4b we will carry out a sensitivity analysis to evaluate the impact of the different linkage
methods on the effect estimates in the analyses of interest. We will re-run each analysis using the
four linkage approaches to assess how much the findings change, whether linkage bias under-
estimates or over-estimates the effects of care processes and under what circumstances the impact is
minimal. Although all linkage methods may have some level of linkage error, this strategy will enable
us to evaluate the direction and extent of any bias in the findings. Moreover we will be able to assess
the effect that different methods have on the precision of the analyses and therefore what we are able
to conclude about relationships with confidence.

WP2: Assess the “spine” approach, a new approach to data linkage which makes use of
existing linkages between HES and national clinical datasets [Months 10-18]

The linkage approach found to be of the highest quality in WP1 will be used as a primary strategy to
carry out the linkage between each pair of datasets in this work package (other approaches will be
implemented in WP4b). This should provide near-perfect linkage because, in patients undergoing
major surgery in the National Bowel Cancer Audit, 93% of patients could be liked to HES using
deterministic linkage on four patient identifiers [1] and probabilistic linkage methods are known to
achieve even higher linkage rates at the cost of minimal false linkages. [22,23] The sensitivity and
specificity of probabilistic linkage of UK electronic data on patient identifiers have both been estimated
to be higher than 99%. [24] In this work package, therefore, we assume that patients captured in one
or more audits but missing from another audit are missing because of incomplete capture rather than
linkage errors.

Most national clinical audits are already linked to HES and therefore linkage of multiple audits using
HES as the “spine” would not require any further linkages. The use of multiple linked national datasets
is growing rapidly, and this new linkage strategy could provide a fundamental shift in the approach to
data linkage across national audits, research projects, service evaluation projects and clinical trials for
which more than two clinical datasets need to be linked. The approach would not require any further
data linkages and would therefore avoid the need to transfer additional patient data between
organisations. Potential benefits include reduced risk of disclosure of personal information, reduced
resources required to carry out data linkage, and substantial reduction in delays to projects.

The potential risk of this new approach is that any patients not identified in HES would be missing
from the analysis cohort. This would reduce statistical power and, if patients not identified in HES are
not representative of all patients, could lead to bias in effect estimates. The primary use of HES is to
allow hospitals to be paid for the care they deliver. Patients in this study are undergoing major
surgery, therefore we expect the number missing from HES to be minimal, but due to clinical coding
errors, patients may be included in HES but not recognised as eligible for the study.

Figure 2 shows two alternative approaches to linkage, a new “spine” approach and a more inclusive
“pairwise” approach. The spine approach is less inclusive because eligible patients not identified in
HES but captured in the other datasets cannot be included. This is because for these patients we do
not know which records in NBOCA, NELA or ICNAP belong to the same patient. If we included the
records in the analysis we could be including the same patient more than once. The pairwise
approach can include all patients captured in at least one dataset, but the trade-off is that it requires
additional linkages.

The darker shaded areas represent the analysis cohort if only those captured in every dataset are
included, and we refer to this as the “complete case analysis”. An alternative is to include patients
who are missing from one or more datasets and consider the information from these datasets to be
missing, which we call the “incomplete case analysis”. The incomplete case analysis would include
more patients but with less complete data, and missing data methods would be required. In reality
there will be much more overlap between eligible patients in the datasets. The lack of overlap is
exaggerated for demonstration.
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Figure 2: Spine and pairwise linkage approaches
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The different linkage approaches lead to three possible analysis cohorts:

e “Spine/pairwise-linkage”, complete case analysis (includes only patients captured in all
datasets)

e “Spine-linkage”, incomplete case analysis (includes only eligible patients captured in HES)

o “Pairwise-linkage”, incomplete case analysis (includes all patients eligible according to any of
HES, NBOCA, NELA or ICNAP)

These three analysis cohorts will be compared in terms of statistical power and bias arising from
excluding eligible patients. The third cohort will comprise all bowel cancer patients undergoing
emergency surgery, except patients missing from all four datasets. The number missing from all four
datasets is likely to be small as case ascertainment of the datasets has been shown to be high [1,7].

Comparing eligible patients across datasets will allow estimates of the capture into each dataset, and
the capture into multiple datasets. This will allow us to quantify the overlap between the datasets in
Figure 2. The key metric when assessing the spine-linkage versus pairwise-linkage approaches will
be the proportion of eligible patients that each method captures. This will be assessed alongside the
amount of missing information across the key data items. Secondly, the characteristics of patients
captured will be compared to those not captured to assess the potential bias from subgroups of
patients being less likely to be included. Thirdly, the sensitivity of the results to the choice of linkage
approach will be assessed in WP4b.

WP3: Synthesise information from multiple data sources [Months 16-22].

Some information, such as metastatic cancer, surgical approach, and admission to intensive care is
collected in multiple datasets. This information may be conflicting, missing, or defined differently. We
will develop coding strategies to synthesise relevant information across data sources. This
methodological work is not only an essential preparation for data analysis, but it will also guide
strategies on how information from multiple sources can be best synthesised in other linked datasets
in the future, beyond the area of bowel cancer care.

Synthesising conflicting information

First we will carry out validity checks within and between datasets, identifying inconsistencies
between data items such as open surgery which is recorded as being converted from laparoscopic to
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open, indication that a patient was not admitted to intensive care but with a recorded level of intensive
care, etc. Next we will check the correlation of information with known associates (e.g. ASA grade
with postoperative mortality, metastatic cancer with long-term survival, surgical approach with length
of hospital stay etc). Together these metrics will allow us to rank the reliability of the same information
across data sources so that a hierarchy of data sources can be developed for each data item. This
hierarchy will be used to resolve conflicts in the linked data.

Synthesising information defined differently

The clinical members of our research team will be crucial in the development of methods for
combining information from multiple sources when data items are defined differently. For example,
surgical urgency is measured using different versions of the NCEPOD-classification [30] in NBOCA
and NELA, and HES and NBOCA define mode of admission differently. Sometimes algorithms within
a dataset are used to generate categories, for example individual surgical procedures and diagnoses
are categorised into different procedure and diagnosis groups in NBOCA and NELA. Categories will
be synthesised across the two datasets by comparing the algorithm used in each dataset, and, where
available, by comparing with more detailed information in a third dataset, such as individual procedure
codes and diagnosis codes in HES.

WP4a: Identify which processes of care have the greatest impact on outcomes of patients with
bowel cancer undergoing emergency surgery [Months 20-32]

Data sources and variables of interest

At the start of the project there will be 3 years and 4 months of data available across the national
datasets (patients per year having surgery / diagnosed November 2013 to March 2017), providing
approximately 11,700 bowel cancer patients undergoing emergency surgery (based on 3,500 per
year) [1,7] By the start of year two of the project, there will be an additional year of data, providing
over 15,000 patients for the study.

Some data sources measure care directly against national recommendations for the care of
emergency bowel cancer patients (NELA, NBOCA) but others do not (ICNAP). A range of care
processes will be investigated, including delay into theatre, seniority of surgeon and anaesthetist in
theatre, and transfer from theatre to critical care. Our clinical and patient partners will be essential in
identifying patients groups and combinations of care processes (as statistical interactions) to be
prioritised. The key outcomes will be postoperative mortality, longer-term survival, and complications
from surgery (unplanned readmissions and returns to theatre). Input from clinicians and patients will
help to identify any other important outcomes.

Examples of the types of question to be answered are:

e Does a patient’s delay into theatre [NELA] affect their risk of death [ONS] or surgical
complications [ICNAP], Hospital Episode Statistics (HES)], after taking into account how sick
they are [NBOCA, NELA, HES], how advanced their cancer [NBOCA], and the other
processes of care they receive [NELA, NBOCA, ICNAP]?

o Does direct transfer to an appropriate level of critical care [NELA, ICNAP] affect a patient’s
risk of death [ONS] or surgical complications [ICNAP, HES], after taking into account how sick
they are [NBOCA, NELA, HES], how advanced their cancer [NBOCA], and the other
processes of care they receive [NELA, NBOCA, ICNAP]?

e Does having a consultant colorectal surgeon available at all times at a hospital [NBOCA]
affect patients’ risk of death [ONS] or surgical complications [ICNAP, HES], after taking into
account how sick patients are [NBOCA, NELA, HES], how advanced their cancer [NBOCA],
and the other processes of care they receive [NELA, NBOCA, ICNAP]?

Each dataset will contribute to different elements of:

Population: Bowel cancer patients undergoing emergency surgery
Intervention: A particular process of care
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Comparison group: Representative set of patients not given the process of care or cohort matched for
important factors / risk-adjusted / propensity score methods
Outcomes: Mortality and complications of surgery

Table 1: Data sources for each element of the study PICO

NBOCA NELA ICNAP HES/ ONS
Population ° ° ° °
Intervention ° ° °
Comparison group ° ° ° °
Outcomes:
Mortality: postoperative and long-term °
Unplanned readmission °
Return to theatre ° °
Unplanned admission to critical care °

Statistical methods

Establishing causal relationships will require careful risk adjustment to deal with the potential bias
from sicker patients being treated differently, known as confounding by patient selection. Risk
adjustment methods such as multivariable regression or propensity score methods will be developed
to accommodate potential confounding, missing data and clustering within hospitals simultaneously.
[28,29] Clinical guidance will be crucial to understand a priori the important factors about underlying
patient risk and the clinical decision making around care processes.

Multivariable regression models the relationship between processes and outcomes of care, adjusting
for differences in patient and tumour characteristics, physiological status, other processes of care,
and hospital and clinician factors. A well-defined risk score has been developed for all patients
undergoing emergency laparotomy for any indication by members of our team. [31] A well-defined risk
score has also been developed for patients across all surgical urgencies in NBOCA, again by
members of our team. [32] A new risk adjustment model, specific to bowel cancer patients undergoing
emergency surgery, will need to be developed, incorporating information from across the datasets
about patient and tumour characteristics, and physiological measures.

As an alternative, propensity score methods will also be considered. These methods directly model
the chance of a patient receiving a particular process of care based on their patient and tumour
characteristics, physiological status, other processes of care, and hospital and clinician factors.
Patients can then be matched on propensity scores, or stratified according to propensity score, or
inverse probability weighting or risk adjustment can be used based on the propensity score. Expertise
on propensity score methodology, particularly in large electronic health databases and where missing
data is also a problem is a major research theme at LSHTM and we will draw on that expertise in our
work. [33] We will provide an application to bowel cancer that will be accessible for clinicians and
applied statisticians.

Propensity score methods can be preferable to multivariable regression when the number of risk
factors is large compared to the size of the sample (unlikely to be an issue here) or when there are
stark differences in characteristics between those receiving and not receiving a process of care (likely
here). These methods also allow the estimation of the most relevant effect, whether it is the average
effect of the care process in all patients, just in the patients who currently receive the care process, or
just in the patients who do not currently receive it. [29] The choice of propensity score method will
depend on the amount of overlap in propensity scores between the comparison groups. [34].

WP4b: Assess the impact the choice of methods for data linkage has on the findings [Months
26-32]

Each of the methods used in WP1, WP2 and WP4a may lead to different estimates of the impact of
processes of care on outcomes. By comparing the estimates obtained using different combinations of
the methods we will assess how sensitive the findings are to the choice of methods, and in what
circumstances they differ.

The different methods used in WP1, WP2 and WP4a are as follows:
1. Linkage methods
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Deterministic linkage on patient identifiers
Probabilistic linkage on proxy identifiers
Probabilistic linkage on indirect identifiers only
Probabilistic linkage on indirect identifiers and proxy identifiers
2. Spine versus linkage approaches
- Spine / pairwise, complete case analysis (includes patients captured in all datasets)
- Spine linkage, incomplete case analysis (includes eligible patients captured in HES)
- Pairwise linkage, incomplete case analysis (includes all patients eligible according to any
of HES, NBOCA, NELA or ICNAP)
3. Risk-adjustment methods
- Multivariable regression
- Propensity score methods (more than one may be appropriate and any used will be
included in this sensitivity analysis)

The sensitivity analysis will include combinations of all of the above methods. The analyses in WP4a
will be repeated with each combination, to explore the impact each of the methods has on the
findings.

DISSEMINATION AND PROJECTED OUTPUTS

Based on our results, we will formulate recommendations on how the care of bowel cancer patients
undergoing emergency surgery can be improved, as well as on the methods developed for linking and
analysing multiple datasets. Our strategy to disseminate our findings will be based on a number of
principles:

. We will build awareness of the project among patient groups, professional bodies and
methodologists in the project’s early phase through direct communications and
presentations.

. We will make use of existing networks and relationships available within LSHTM to

disseminate the clinical and methodological findings of the research, the RCS, the RCA
and the Association of Coloproctology and the Farr Institute. Dissemination methods will
include websites, presentations, press releases and social media such as Twitter and

Facebook.

. We will use these networks and relationships as a two-way process: they will help to
inform the research and to ensure effective dissemination of results.

. We will have clear messages that fit our wide range of audiences (e.g. patient and public,
commissioners, clinicians, regulators, policy makers and methodologists).

) We will time publications around conferences and relevant events

Our findings will be disseminated as follows:

. A research report for the NIHR HS&DR programme detailing research methods, findings
and conclusions of all four WPs, including recommendations for practice and an
extensive summary for patients and the wider public.

. Policy advice targeting NHS England at national level and regional Clinical Senates and
Academic Health Science Networks.

. Feedback to NICE, especially with regards to their clinical guideline on acutely ill adults in
hospital.

. Advice to NHS England and Healthcare Quality Improvement Partnership about priorities
for national audits and the methods for linking multiple audits.

. Advice to NHS Digital, National Cancer Registration and Advisory Service and other
linked data providers on methods for data linkage.

. Presentations and reports targeting relevant professional bodies, including the RCS, the

RCA, the Association of Coloproctology, the Health Services Research Network, the
International Population Data Linkage Network, the Administrative Data Research Centre
for England, and the Farr Institute (of which LSHTM is a partner).
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. Presentations and reports to patient organisations, including the Bowel Cancer UK and
Beating Bowel cancer. We will involve our PPI representatives and NBOCA and NELA
patient and charity representatives to ensure that we address all relevant organisations
and that the style and format of our publications is accessible.

. Research papers for peer-reviewed academic journals (e.g. BJS, BJA, IntJEpi), articles
for clinical journals, and conference presentation

PLAN OF INVESTIGATION AND TIMETABLE

Tasks (time period in months from project start)

Pre-start
Recruitment of Research Fellow
NHS Digital pairwise deterministic data linkage using patient identifiers

WP1: Improve the methods for linking multiple datasets to minimise linkage errors (1-12)
Probabilistic linkage using proxy identifiers (1-3)

Probabilistic linkage using indirect identifiers (2-4)

Probabilistic linkage using proxy identifiers and indirect identifiers (3-5)

Evaluation of linkage methods (6-10)

Write publication (10-12)

WP2: Assess a new approach to data linkage which makes use of existing linkages between
HES and audits (10-18)

Spine linkage and pairwise linkage (10-12)
Evaluation of size of spine and pairwise linkage (13-16)
Write publication (16-18)

WP3: Synthesise information from multiple data sources (16-22)
Synthesise conflicting information (16-18)

Synthesise differently defined information (18-20)

Write publication (20-22)

WP4a: Identify which processes of care have the greatest impact on outcomes of patients with
bowel cancer undergoing emergency surgery (20-32)

Determine most relevant clinical questions regarding which processes of care impact on patient
outcomes (20-22)

Develop new risk adjustment model (22-28)
Develop appropriate propensity score methods (24-30)
Write publication (30-32)

WP4b: Assess the impact the choice of methods for data linkage has on the findings (26-32)
Sensitivity analysis using different combinations of methods from WP1, WP2 and WP4a (26-30)
Write publication (30-32)

Dissemination (30-36)

Formulate recommendations and implications for bowel cancer surgery services (30-36)
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Dissemination activities (30-36)
Final report for NIHR (32-36)

PROJECT MANAGEMENT

Dr Kate Walker will, as principal investigator, take overall responsibility for leadership and
management of the study. She will chair the research project’s advisory group who will convene every
four months. This group will oversee the implementation of the study and comprise of all co-
applicants, clinical collaborators, the public and patient representatives, and the research fellow. It will
monitor the progress of completion of tasks against the project’s timeline and consider remedial action
if needed. The group will also discuss the implications of findings, and decide how they should be
disseminated. The group’s meetings will be face-to-face for London-based staff and with an option of
video-conferencing facilities for those based elsewhere.

The work for this project will be carried out by a full-time research fellow who will be supervised on a
daily basis by Dr Kate Walker, supported by Prof Jan Van der Meulen, Prof Linda Sharples and Dr
Katie Harron. This research team will communicate on a regular basis with the public and patient
representatives and the clinical collaborators to seek their input on all key issues related to research
design, method development, data analysis and interpretation and reporting. The research team will
meet monthly to discuss all relevant methodological, practical and logistical issues, involving other co-
applicants and collaborators when necessary and appropriate.

Administrative support (10% FTE) will be available to help with arranging meetings, dealing with day
to day queries and budget management.

APPROVAL BY ETHICS COMMITTEES

The project requires 4 datasets (NBOCA, NELA, ICNAP, HES/ONS) and all 6 data linkages between
them. By the start time of the project we will have access to the linked datasets which will be held at
the Clinical Effectiveness Unit, a collaborative partnership between the LSHTM and RCS.

CAG approvals are already in place to hold all datasets and to carry out 4 of the 6 data linkages (all
except the linkage between ICNAP and HES and ICNAP and NELA). A CAG amendment has been
requested to allow these two additional data linkages. The 4 data linkages which have been approved
have either already been carried out (NBOCA-HES/ONS, NELA-HES/ONS) or will be linked within the
next two months (NBOCA-NELA, NBOCA-ICNAP).

PATIENT AND PUBLIC INVOLVEMENT

The clinical advisory groups of the National Bowel Cancer Audit and the National Emergency
Laparotomy Audit, including patient and charity representatives, helped to define the clinical
guestions. The NIHR North Thames CLAHRC’s PPI panel gave feedback on the planned research at
its workshop in March 2017. The panel indicated their unanimous support and members made clear
that the importance of the research justified the access of the researchers to potentially sensitive
patient data. One panel member said in support of the project “l think it is tremendous that it has
something to offer both the clinical and data analysis communities” whilst another member felt
strongly about the clinical topic, saying “I think it's fantastic. This research has to be done”. The panel
recommended that PPI representatives should be involved in the research. The planned research
project’s advisory group will have two PPl members who will be paid according to INVOLVE
guidance. The CLAHRC'’s PPI panel were also asked to review the Plain English summary. Their
comments led to a much clearer summary with simpler terms used, and with a clearer explanation of
the implications for patients and the NHS.

The PPI panel of the NIHR North Thames CLAHRC have contributed to the design of this research
proposal and we will continue to work closely with them for the duration of the project. Two PPI
members will be recruited to the research project’s advisory group, with the help of North Thames
CLAHRC who have much experience of recruiting PPI members of research teams. These public and
patient representatives will have a guiding role for all WPs. For example they will be crucial in defining
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the aspects of care and outcomes of care that are most important to patients and the public. They will
comment, and in some cases, contribute to project reports and research outputs.

We do not expect that any formal training will be required for our PPl members. We will provide
support where and when needed to ensure that they have sufficient understanding of the research
methods that we are going to use. In conjunction with London School of Hygiene & Tropical
Medicine’s Public Engagement Advisory Coordinator, our PPl members will be consulted on the best
ways to disseminate the findings from this project to patients and the wider public.

EXPERTISE AND JUSTIFICATION OF SUPPORT REQUIRED

We will use existing national databases which we already have access to. This avoids the expense of
data collection and makes the study entirely feasible. The largest proportion of the budget will
therefore be staff costs.

Staff
Research team members, who will also sit on the research advisory group

Dr Kate Walker (LSHTM) is PI. She is a statistician specialising in complex methodological issues in
health services research for patients with bowel cancer, dealing with linked national clinical datasets.
She is the lead methodologist on the National Bowel Cancer Audit and provides methodological
expertise to the National Emergency Laparotomy Audit. Together with the co-PlI, she will be
responsible for managing all aspects of the project, including managing the full-time research fellow.
She will chair the research advisory group and the research team and will dedicate 20% of her time.

Prof Jan Van der Meulen (LSHTM) is co-PI. He brings to the project his experience in health services
research and national clinical audits, particularly in the area of surgery and bowel cancer. He will
provide senior oversight of the project, contributing 10% of his time. Together with KW he will ensure
that the project runs to schedule and achieves all of its aims.

Dr Katie Harron (LSHTM) is a statistician with internationally recognised expertise on the methods for
data linkage, including probabilistic linkage of national clinical datasets using indirect identifiers. She
will lead on the development of methods for data linkage in Work Package 1, contributing 5% of her
time.

Prof Linda Sharples (LSHTM) is a statistician with experience in observational and experimental
studies of surgical interventions. She will contribute senior statistical expertise, in particular on
multilevel modelling, risk adjustment including propensity score methods, and missing data. She will
contribute 10% of her time.

One research fellow will be employed full-time on the project, planning and carrying out the analyses,
and disseminating the findings, under close supervision of KW and JVM.

Other research advisory group members

Prof David Cromwell (LSHTM) is a quantitative health services researcher with experience of using
linked datasets to evaluate patterns of surgery and patient outcomes. He is the senior methodologist
on the National Emergency Laparotomy Audit. He will contribute to study design, methodological
expertise on the National Emergency Laparotomy Audit and development of analytical methods,
contributing 2.5% of his time

Dr David Harrison (ICNARC) is an expert on methods for risk adjustment and brings methodological
expertise on the ICNARC Intensive Care National Audit Programme. He will provide consultancy time
to the project, contributing to the methods for risk adjustment and methodological expertise on the
ICNARC Case Mix Programme dataset.
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Prof James Hill (Central Manchester University Healthcare Trust) is a consultant colorectal surgeon
and clinical lead on the National Bowel Cancer Audit, with clinical trials and health services research
experience. He will provide senior clinical input and will contribute 2.5% of his time.

Dr Ramani Moonesinghe (UCL) is a consultant anaesthetist and anaesthetic lead on the National
Emergency Laparotomy Audit with quality improvement and health services research experience. She
is Associate National Clinical Director for elective care for NHS England which will allow her to
disseminate findings direct to the core of NHS leadership . She will provide senior clinical input and
will contribute 2.5% of her time.

Two PPI representatives will be appointed to sit on the research project’s advisory group to provide a
perspective on what is most important to patients and the public.

A small amount of administration time has been requested to help with budget management,
managing meetings, and dealing with day-to-day enquiries.

Non-staff

Data linkage costs

CEU secure data environment costs

Travel and subsistence costs for advisory group meetings
Project-specific photocopying and printing

Computer and STATA license

Conference attendance (fees, travel and subsistence)

Open access publishing
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