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Abstract

Background: Unexpected weight loss is a symptom of serious disease in primary care, for example between 1 in
200 and 1 in 30 patients with unexpected weight loss go on to develop cancer. However, it remains unclear how
and when general practitioners (GPs) should investigate unexpected weight loss. Without clarification, GPs may wait
too long before referring (choosing to watch and wait and potentially missing a diagnosis) or not long enough
(overburdening hospital services and exposing patients to the risks of investigation). The overall aim of this study is
to provide the evidence necessary to allow GPs to more effectively manage patients with unexpected weight loss.

Methods: A retrospective cohort analysis of UK Clinical Practice Research Datalink (CPRD) data to: (1) describe how
often in UK primary care the symptom of reported weight loss is coded, when weight is measured, and how GPs
respond to a patient attending with unexpected weight loss; (2) identify the predictive value of recorded weight
loss for cancer and serious disease in primary care, using cumulative incidence plots to compare outcomes
between subgroups and Cox regression to explore and adjust for covariates. Preliminary work in CPRD estimates that
weight loss as a symptom is recorded for approximately 148,000 eligible patients > 18 years and is distributed evenly
across decades of age, providing adequate statistical power and precision in relation to cancer overall and common
cancers individually. Further stratification by cancer stage will be attempted but may not be possible as not all
practices within CPRD are eligible for cancer registry linkage, and staging information is often incomplete. The
feasibility of using multiple imputation to address missing covariate values will be explored.

Discussion: This will be the largest reported retrospective cohort of primary care patients with weight measurements
and unexpected weight loss codes used to understand the association between weight measurement, unexpected
weight loss, and serious disease including cancer. Our findings will directly inform international guidelines for the
management of unexpected weight loss in primary care populations.
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Background

A 2014 systematic review suggests that the positive predict-
ive value (PPV) for cancer is 33% in patients with an unex-
pected 10% loss of weight from baseline over 6—12 months.
The same review reported a wide range of differential diag-
noses for patients with unexpected weight loss, including
advanced heart failure, chronic obstructive pulmonary dis-
ease, renal disease, pancreatic insufficiency, malabsorption,
and endocrine disease, with up to 25% of patients without a
diagnosis to explain their weight loss after extended follow-
up [1]. However, these data mainly come from hospital
inpatient populations or patients referred to the outpatient
clinic where the prevalence of cancer and serious disease is
much higher than in primary care as GPs have already
filtered out many cases of weight loss that are more likely
to be attributable to another cause. Given the absence of
appropriate clinical guidelines or standardised practice,
clinicians have been reported to take a wide range of action
in response to patients with unexpected weight loss, from
doing nothing through to ordering “extensive blind investi-
gations” because of the fear of underlying cancer [2].

On the basis of primary care research, NICE (2015) has
since suggested that unexpected weight loss is a sign of
seven cancers, citing evidence from 14 studies reporting
positive predictive values (PPVs) of 0.4—3% [3]. The prob-
lem for GPs is how to interpret and implement the term
weight loss in these cancer guidelines: NICE do not define
the degree of weight loss, or the time period of loss, that
should prompt referral. Most cited studies referred to in
the NICE guidelines define weight loss on the basis of a
coded entry in the GP record, often based on a report of
weight loss (volunteered by, or elicited from, the patient)
rather than measured weight change [4—6]. Only one study
referred to by NICE quantified the degree of weight loss
that predicts colorectal cancer in primary care reporting
odds ratios of 1.2 (95% CI 0.99-1.5) for 5-9.9% and 2.5
(2.1-3) for >10% weight loss [7]. However, in this study,
weight loss was defined by comparing the last recorded
weight with the highest recorded weight in the preceding
2 years [7], as weight is not routinely recorded in primary
care and is considered a common missing variable in pri-
mary care databases [8].

There is an evidence gap for a comprehensive study to
describe the use of weight measurement and coding for
unexpected weight loss in primary care and for a study
that determines the association between unexpected
weight loss and cancer and serious disease that may lead
to a comprehensive recommendation for the investiga-
tion of unexpected weight loss in primary care.

Objective
The overall objective is to provide the evidence neces-
sary to allow GPs to more effectively manage unexpected
weight loss.
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Aims and rationale

Aim 1.1 To describe how often and when weight is
measured, and the symptom of unexpected weight loss
recorded as a code, in adults aged > 18 years, in NHS
primary care.

Aim 1.2 To describe what action is taken in response to
unexpected weight loss, in adults aged > 18 vyears, in
NHS primary care.

Weight measurements and weight loss codes will be
categorised using a rule-based search strategy developed
as part of this project to identify the clinical purpose
and clinical condition related to each weight entry in the
primary care record, and the investigations requested,
medications prescribed, and referrals made in response
to the symptom of weight loss.

Aim 2.1 To identify the predictive value of unexpected
weight loss recorded as a symptom for cancer in primary
care in adults aged > 18 years.

Aim 2.2 If the symptom of unexpected weight loss pre-
dicts cancer, to explore if it is (i) independent of other
symptoms, signs, and test results and (ii) restricted to
late-stage disease.

Aim 2.3 To ascertain the predictive value of unexpected
weight loss recorded as a symptom for serious disease in
primary care.

The evidence regarding the predictive value of unex-
pected weight loss for cancer in primary care, which un-
derpins the 2015 NICE guideline, does not cover all cancer
types or take cancer stage at diagnosis into account. We
will identify the predictive value of unexpected weight loss
in primary care across all cancer types, explore the incre-
mental predictive value of symptom combinations, and
examine the association with cancer stage at diagnosis
using a matched open cohort study design. In cases where
cancer is excluded, an understanding of which alternative
diagnoses are related to unexpected weight loss will inform
subsequent management decisions in primary care. We
will therefore identify the disease groups for which unex-
pected weight loss is also predictive to develop clinical
guidance for the investigation of unexpected weight loss in
primary care.

Study type

Aim 1: Descriptive

The descriptive epidemiology of weight measurement
and weight loss coding in NHS primary care.
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Aims 2.1 and 2.3: Hypothesis testing
A cohort study of weight loss as a sign of cancer and
serious disease in NHS primary care.

Aim 2.2: Exploratory

Exploratory analysis to investigate the influence of covar-
iates on the relationship between weight loss and the oc-
currence of cancer and serious disease.

Study design
The design of the study is an open cohort study.

Sample size

In preparing this ISAC application, a preliminary search of
20 GP practices from 2000 to 2013 was conducted. Of
127,024 patients > 40 years with acceptable records, 80,562
(63.4%) had at least one weight measurement recorded
during that period, 30,728 (24.1%) had two weight mea-
surements within 6 months of each other, and 40,436
(31.8%) within 1 year; 3079 (2.4%) of patients had a Read
code for weight loss but only half of these had an accom-
panying weight measurement.

Two thousand one hundred eighty-four patients with
weight loss are required to detect a hazard ratio of 2 (a
change in incidence of 1.5 to 3%) at 99% power (0.05%
alpha) using a ratio of one case to five controls. It is an-
ticipated that the study will therefore have sufficient
power for stratification by cancer type, cancer stage, and
using symptom combinations even though linkage to
cancer registry may only be possible in approximately
60% of cancer cases [9].

Preliminary work in Clinical Practice Research Datalink
(CPRD) estimated that that unexpected weight loss is
coded as a symptom for about approximately 148,000 pa-
tients > 18 years and is distributed evenly across decades
of age providing adequate statistical power and precision
for a comprehensive cohort study investigating cancer and
serious disease in adults (> 18 years). For example, if 3% of
patients with weight loss develop cancer the number
of Events Per Variable will far exceed the minimum num-
ber required for robust statistical modelling.

Data linkage

NCDR Cancer Registry Data Linkage to the cancer
register is required as cancer is a major outcome variable
in this cohort study. Cancer registry data will provide
more accurate information on cancer site and stage than
reliance on the primary care record.

Office of National Statistics (ONS) mortality data
Linkage is required to cross-validate cause of death for
patients confirmed to have died of cancer using Cancer
Registry Data linkage and to identify or confirm the cause
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of death in patients with and without serious disease as
identified by the GP record.

Index of Multiple Deprivation (IMD) scores They are
required to provide a GP (and where possible patient)
level proxy for socioeconomic status to be used when
describing both the baseline characteristics in the
descriptive analysis of Aim 1 and the cohort analysis of
Aim 2. IMD score will also be used as a covariate in the
multivariate cox regression analysis as part of Aim 2 (see
below).

Study population
The study population is summarised in Fig. 1.

Aim 1: Descriptive study
— NHS patients > 18 years
— Registered with a GP practice 1 January 2000-31
December 2011
— Eligible for data linkage with Cancer registry and
ONS data

Aim 2: Cohort analysis Inclusions:

— NHS patients > 18 years

— Registered with a GP practice 1 January 2000-31
December 2011

— Eligible for data linkage with Cancer registry and
ONS data.

— DPatients with one of the unexpected weight loss
codes (defined in Table 1)

Exclusions:

— Patients with a diagnosis of cancer prior to the index
symptom of weight loss.

Selection of comparison group(s) or controls
Aim 1: Descriptive study
-No comparison group is required.

Aim 2: Cohort analysis

— A matched cohort of patients without weight
loss—patients without a coded entry for weight loss
will be matched for age and sex and selected from
the population of patients registered with the same
practice having consulted within + 3 months of the
index weight loss code.

— Matching for age and sex will ensure there are
sufficient patients without weight loss in each age
and sex strata.
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Patients with weight loss

Aged >18 years.

First (index) unexpected weight loss code.

12 months registration prior to the unexpected weight loss code.

4 ] )
Source population
| NHS Patients registered with an up to standard GP practice 01/01/00-31/12/12.
Acceptable records in CPRD GOLD database.
Eligible for data linkage with Cancer registry, ONS data, and IMD.
T J
o . . )
Patients with a weight measurement or weight loss code Aim 1
Aged >18 years. -
Descriptiv
Male or Female. esc pt: :‘study
At least one weight measurement AND/OR unexpected weight loss code. population
‘ J
4 )

Exclusions

Patients without weight loss
N Aged >18 years.

12 months registration prior to the unexpected weight loss code.

Matched 1:5 with weight loss patients based on age gender and GP practice.

j Cancer Aim 2
d'égnOSEd Cohort analysis

) prior to opulation
unexpected pop

weight loss.

Fig. 1 Flowchart of study populations

— A 1:5 sampling ratio achieves the best balance
between data cost and statistical power (see sample
size).

Exposures, outcomes and covariates
Aim 1: Descriptive study
Outcome 1: Objective weight measurement—quantitative
weight measurements.

Outcome 2: Weight loss code—Read Codes defined in
Table 1.

Patients with objective weight measurements or the
symptom of unexpected weight loss recorded using the
following Medcodes and Read codes listed in Table 1.

Aim 2: Cohort analysis

Exposure—weight loss

Patients with the symptom of weight loss recorded using
the unexpected weight loss Medcodes and Read Codes
listed in Table 1. Weight loss codes will be independ-
ently categorised for clinical relavence by four co-investi-
gators based on the results of the descriptive analysis,
then consensus reached through discussion.

Outcome—cancer

A library of over 1600 Read Codes and ICD-10 codes
(grouped by site—see Table 2) developed by Hamilton and
colleagues will be reviewed, updated using Read Code
searches, and validated through consensus amongst co-
investigators. All new cancer diagnoses in the 24 months
following the weight loss code will be identified in CPRD
and linked cancer registry data. To inform this analysis,

data will also be extracted on cancer stage, grade, tumour
size, and histology at diagnosis.

Outcome—serious disease

A library of candidate Read Codes for the most common
serious diseases related to unexpected weight loss will be
developed by combining two approaches: (i) review of the
most frequent diagnostic codes entered in the clinical rec-
ord within the period surrounding the unexpected weight
loss code (descriptive study analysis section); (ii) review of
the literature on causes of unexpected weight loss [1, 2]. A
list of these candidate conditions will be reviewed inde-
pendently by four co-investigators until consensus is
reached on up to 20 serious diseases to be identified in the
24 months following the weight loss code.

Covariates

Data will also be extracted to explore the effect of the
following factors which could independently impact the
recording of weight and the occurrence of cancer:

1. Personal characteristics—age, gender, ethnicity,
smoking history, alcohol intake, family history of
cancer, and IMD score recorded before the date of
the weight loss code (index date).

2. Co-morbidity—recorded before the index date (no
time limit) or implied from the prescribing record at
the index date.

3. Other cancer symptoms and signs—using Read
Codes for symptoms shown to have an independent
association with cancer as described by NICE [3].
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Table 1 Weight measurement and unexpected weight loss

codes

Unexpected weight loss codes

Medcode
126

654

1581
3647

4663

5812

12,398
12,530
14,764

22,005
24,068
32914

37,937
42,309
53,801
102,563

Readcode
22A6.00
1623
162.00
R032.00

1625

1625.11
1D1A.00
R034800
1622.00

2224
R2y4.00
22K3.00

22A8.00
22A7.00
R2y4z00
1627

Weight measurement codes

2

8105

9015

13,278

21,520

22,556

24,496

28,937

28,946
44,291

101,047
105,791

105,800

107,231

22A.00

22K.00

22K4.00

22K5.00

22AZ.00

22K7.00

22K6.00

22K2.00

22K1.00
22K8.00

22K9.00
22K9000

22KB.00

22KA.00

Readterm
O/E—underweight
Weight decreasing
Weight symptom

[D]JAbnormal loss
of weight

Abnormal weight
loss

Abnormal weight loss—symptom
Complaining of weight loss
[DlUnderweight

Weight symptom
NOS

O/E—cachexic
[DlCachexia

Body Mass Index
low K/M2

Weight loss from baseline weight
Baseline weight
[D]Cachexia NOS

Unintentional
weight loss

O/E—weight
Body mass index

Body mass
index 25-29—
overweight

Body mass index
30+—obesity

O/E—weight NOS

Body mass
index 40+—
severely obese

Body mass index
less than 20

Body mass index
high K/M2

Body mass index normal K/M2

Body mass index
20-24—normal

Body mass index centile

Baseline body
mass index centile

Baseline body
mass index

Target body
mass index
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These will be sought for 3 months before to 2 years
after the index date.

4. Results of basic cancer investigations used routinely
in primary care: CxR, FBC, LFTs (inc. alkaline
phosphatase), calcium, PSA, CA125, and
inflammatory markers. These will be sought for
3 months before to 2 years after the index date.

Data/statistical analysis

Aim 1: Descriptive study

To describe how often and when weight is recorded, we
will request preliminary CPRD searches to identify all:
(1) Read coded entries for weight loss and (2) quantita-
tive weight measurements.

A subset of patients with weight measurements and
unexpected weight loss codes will be used to develop a
rule-based search strategy to categorise: (1) the clinical
purpose (e.g. prevention, monitoring, diagnosis); (2) the
related clinical condition (e.g. diabetes, heart failure,
cancer). The GPs’ subsequent actions will be described
in terms of (1) investigations requested, (2) medications
prescribed, and (3) referrals made. The search strategy
will then be applied to the entire cohort of weight mea-
surements and weight loss codes.

The most effective method to identify the reason for
the weight entry and the subsequent action will be inves-
tigated. For example, codelists will be developed to cap-
ture the clinical purpose of the consultation associated
with each weight measurement or weight loss code:
health check codes will be used to identify prevention
activity; chronic disease review codes will be used to
identify monitoring. For associated clinical conditions,
symptom and diagnostic codes entered at the same time
as each weight measurement or weight loss code will be
ascertained and frequency ranked for the entire descrip-
tive study population. Initially, searches will be per-
formed on the day of the weight entry, then a sensitivity
analysis will be performed increasing the time window
to +1 day of the weight entry, then 1 week, 1 month,
and so on. This strategy will be repeated to identify in-
vestigation and referral codes following entry of the
weight loss code.

Aim 2: Cohort analysis

Cumulative incidence plots

Cumulative incidence plots will be used to describe the

probability of cancer or serious disease over time for

those with and without weight loss. These will be

assessed in aggregate and stratified by disease type, can-

cer stage, grade, tumour size, histology, and covariates.
Differences between those with and without weight

loss will be assessed using the log-rank test.
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Multivariate Cox regression

Cox regression will be used to estimate the adjusted haz-
ard ratios (HR) for cancer or serious disease associated
with weight loss recorded as a symptom.

The impact of choosing to restrict the follow-up
period on the predictive value of weight loss will be ex-
plored by limiting the analysis by time period (0-6, 6—
12, 12-18, and 18-24 months) and by including weight
loss as a time dependent variable.

Age at index date, sex, ethnicity, IMD score, co-
morbidity, smoking, and alcohol intake will be included,
and the predictive value of other symptoms and investi-
gations will be explored for (1) all cancers in aggregate,
(2) cancer type, (3) by cancer stage, (4) by tumour size,
(5) by grade of cancer and (6) serious disease type.

Performance of diagnostic strategies

To allow clinical guidance to be developed on how to
rule-in or rule-out cancer or serious disease in adult
patients (> 18 years) with unexpected weight loss, diagnos-
tic accuracy measures will be calculated for investigative
strategies including those described in the literature
including the subgroups of (1) gender and (2) age-group.

Plan for addressing confounding
Aim 1: Descriptive study
Not required.

Aim 2: Cohort analysis

Patients who have conditions which might explain the
weight loss (e.g. co-morbidities at the time of entry to the
cohort or planned dieting) will be included and the impact
of their inclusion assessed in multivariate and sensitivity
analyses.

Patients with coded weight loss will be matched with
patients without a weight loss code based on GP practice to
account for systematic biases in coding between practices.

Age at index date, sex, IMD score, co-morbidity,
smoking, and alcohol intake will be adjusted for in
the multivariate modelling.

Plan for addressing missing data
Aim 1: Descriptive study
Weight is cited as a missing variable in CPRD as GPs do
not routinely measure weight in NHS primary care [8].
This descriptive analysis will add to our understanding
of how often and when weight is recorded.

We will also describe the completeness of personal
characteristics (as defined above) in relation to weight
measurements and weight loss codes.

Aim 2: Cohort analysis
As measurements appear to be too infrequent to allow
us to identify weight loss from serial weight
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measurement data, the cohort design will make best use
of the coded weight loss information available in CPRD.
For this reason, we do not intend to impute missing
weight measurement values in the primary analysis, al-
though the feasibility of using multiple imputation to ad-
dress missing covariate values will be explored [10].

Discussion

Within this section, we expand on the protocol as submit-
ted to ISAC to elucidate decisions made about study
design and to report developments made since commen-
cing the study. We have incorporated and expanded upon
the “Limitations of the study design, data sources and ana-
lytical methods” section of the original ISAC protocol.

Reliance on weight loss coding

It appears from our preliminary searches that weight
measurement is infrequent for the majority of patients
in primary care, most likely initiated by a concern for
underlying disease or existing chronic disease manage-
ment. This is consistent with studies that acknowledge
weight measurement as a source of missing data in NHS
primary care records [8]. Consequently, the detection of
weight loss from serial weight measurements cannot be
relied on as a method of defining weight loss. Our de-
scriptive analysis is designed to identify whether a group
of patients exists who undergo weight measurements
more frequently, in which a future analysis involving ser-
ial weight measurements may be feasible. However, any
subgroup is unlikely to be representative of the NHS pri-
mary care population. We have therefore chosen to
focus on weight loss coding.

As with previous primary care studies using routinely
collected data, an assumption will be made that the ab-
sence of a symptom code represents the absence of the
symptom [5, 11]. This assumption has two major limita-
tions: firstly, a coded entry is reliant on the patient visiting
the GP and reporting the symptom; and secondly, that the
GP chooses to enter the code in the record. Lack of the
former would lead to an underestimation of the associated
HR, and for the latter, selective recording of symptoms
only deemed severe by the GP could lead to overestimated
HRs. The latter is likely to differ by GP but cluster
by GP practice, as GPs within the same practice are
likely to have more similar approaches to coding. One
method to address these limitations would be to ana-
lyse free-text entries to identify reported but uncoded
symptoms, but at present CPRD does not allow re-
quests for free-text entries and we will cite this as a
weakness of our study [12]. We decided to adjust for
age and sex in multivariate analysis as the association
between weight loss and cancer is not established for
these variables.
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Sample size for cohort analysis

Progress since the initial ISAC application has estab-
lished that there are 148,000 patients eligible patients
aged > 18 years with an unexpected weight loss code as
described in Appendix 1 (preliminary pilot work had
suggested there was at least 30,000). This will therefore
be the largest primary care CPRD cohort study using
unexpected weight loss coding as the exposure variable.
We originally calculated that only 2184 patients with
weight loss are required to detect a hazard ratio of 2 at
99% power (0.05% alpha) using an enrolment ratio of
1:5. That is, a change in a cancer risk from a PPV of
1.5% in patients without weight loss to 3% in patients
with weight loss. An alternative approach to estimating
sample size is the number of Events Per Varaible in
multivariate modelling. If 3% of patients with weight loss
develop cancer the number of Events Per Variable will
far exceed the minimum number of ten required for ro-
bust multivariate modelling. It is anticipated that the
study will therefore have sufficient power for stratifica-
tion by cancer type.

We aim to understand the association between weight
loss and cancer in as much detail as the data permits. How-
ever, we accept it may not be possible to stratify for cancer
stage or for other covariates with sufficient numbers
remaining in each stratum. Cancer stage information is un-
satisfactory in CPRD, which is why we have requested data
linkage to the cancer registry (which will also be incom-
plete, but less so). Lifestyle covariates are non-essential for
our main aim (to determine the predictive value of weight
loss for cancer), and we will only perform analysis on sub-
strata when numbers permit. Multiple imputation will be
explored for these (and all other relevant missing)
variables.

Investigation and referral outcomes

There remains uncertainty over the completeness of inves-
tigation and referral data until the descriptive analysis has
been conducted. Data for laboratory investigations are likely
to be more complete than data on radiological and endo-
scopic investigations, as laboratory investigations are com-
monly transmitted directly into the electronic health record
from the laboratory whereas results for the other tests are
not. Further linkage to the Diagnostic Imaging Dataset (for
radiology activity) and Hospital Event Statistics (for endos-
copy activity) may be necessary if these data are judged to
be incomplete following the descriptive analysis, which
would allow a formal comparison of data completeness to
be conducted between these datasets and CPRD.

Implications

A second cohort study using American primary care
data is also in set-up to assess whether there is greater
value in defining weight loss using serial weight
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measurements rather than a reliance on patient reported
weight loss and a GP entered code. In particular, this
study aims to establish whether weight loss detected
using change in serial weight measurements leads to less
advanced disease at diagnosis.

Together, these studies will provide the largest reported
retrospective cohorts of primary care patients with unex-
pected weight loss used to understand the association be-
tween unexpected weight loss and serious disease
including cancer. We hope our findings will directly in-
form international guidelines for the management of unex-
pected weight loss in primary care populations.

Abbreviations

BMI: Body mass index; CPRD: Clinical Practice Research Datalink; IMD: Index
of Multiple Deprivation; ISAC: Independent Scientific Advisory Group (to the
CPRD); Medcode: The CPRD unique code for the medical term selected by
the GP; NCDR: National Cancer Data Repository; NICE: National Institute for
Health and Care Excellence; Read code: The standard clinical terminology
system used in general practice in the UK

Acknowledgements
We thank Professor David Mant for his insight and expertise that greatly
assisted the development of this protocol.

Funding

BDN is funded by NIHR DRF-2015-08-185. The NIHR peer-reviewed this protocol
at an earlier stage as part of the application for funding. This article presents
independent research funded by the National Institute for Health Research
(NIHR). The views expressed are those of the author(s) and not necessarily those
of the NHS, the NIHR or the Department of Health.

Availability of data and materials
Not applicable.

Authors’ contributions
BDN prepared the first draft of the protocol. All authors reviewed and edited
the protocol. All authors read and approved the final manuscript.

Ethics approval and consent to participate
Not Applicable.

Consent for publication
Not Applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

"Nuffield Department of Primary Care Health Sciences, Radcliffe Observatory
Quarter, University of Oxford, Oxford OX2 6GG, UK. 2Uni\/ersity of Exeter,
Medical School, St Luke's Campus, Exeter EX1 2LU, UK.

Received: 26 October 2016 Accepted: 16 November 2017
Published online: 10 January 2018

References

1. Wong CJ. Involuntary weight loss. The Medical clinics of North America.
2014;98(3):625-43.

2. McMinn J, Steel C, Bowman A. Investigation and management of
unintentional weight loss in older adults. BMJ. 2011;342:d1732.

3. NICE. Suspected cancer: recognition and referral (NG12). London:
National Institute for Health and Care Excellence; 2015.



Nicholson et al. Diagnostic and Prognostic Research (2018) 2:1

Stapley S, Peters TJ, Neal RD, Rose PW, Walter FM, Hamilton W. The risk of
oesophago-gastric cancer in symptomatic patients in primary care: a large
case-control study using electronic records. Br J Cancer. 2013;108(1):25-31.
Hamilton W. The CAPER studies: five case-control studies aimed at
tpidentifying and quantifying the risk of cancer in symptomatic primary
care patients. Br J Cancer. 2009;101(Suppl 2):580-6.

Collins GS, Altman DG. Identifying patients with undetected pancreatic
cancer in primary care: an independent and external validation of
QCancer((R)) (Pancreas). The British journal of general practice : the journal
of the Royal College of General Practitioners. 2013;63(614):e636-42.
Hamilton W, Lancashire R, Sharp D, Peters TJ, Cheng K, Marshall T. The risk
of colorectal cancer with symptoms at different ages and between the
sexes: a case-control study. BMC Med. 2009;7:17.

Marston L, Carpenter JR, Walters KR, Morris RW, Nazareth |, Petersen I. Issues
in multiple imputation of missing data for large general practice clinical
databases. Pharmacoepidemiol Drug Saf. 2010;19(6):618-26.

Herrett E, Gallagher AM, Bhaskaran K, Forbes H, Mathur R, van Staa T, et al.
Data resource profile: Clinical Practice Research Datalink (CPRD). Int J
Epidemiol. 2015;44(3):827-36.

Welch C, Bartlett J, Petersen I. Application of multiple imputation using the
two-fold fully conditional specification algorithm in longitudinal clinical
data. Stata J. 2014;14(2):418-31.

Hippisley-Cox J, Coupland C. Symptoms and risk factors to identify men
with suspected cancer in primary care: derivation and validation of an
algorithm. The British journal of general practice : the journal of the Royal
College of General Practitioners. 2013;63(606):e1-10.

Price SJ, Stapley SA, Shephard E, Barraclough K, Hamilton WT. Is omission of
free text records a possible source of data loss and bias in Clinical Practice
Research Datalink studies? A case-control study. BMJ Open. 2016;6(5):011664.

Page 26 of 26

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal
* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Discussion

	Background
	Objective
	Aims and rationale

	Study type
	Aim 1: Descriptive
	Aims 2.1 and 2.3: Hypothesis testing
	Aim 2.2: Exploratory

	Study design
	The design of the study is an open cohort study.

	Sample size
	Data linkage
	Study population
	Selection of comparison group(s) or controls
	Aim 1: Descriptive study
	Aim 2: Cohort analysis

	Exposures, outcomes and covariates
	Aim 1: Descriptive study
	Aim 2: Cohort analysis
	Exposure—weight loss
	Outcome—cancer
	Outcome—serious disease
	Covariates


	Data/statistical analysis
	Aim 1: Descriptive study
	Aim 2: Cohort analysis
	Cumulative incidence plots
	Multivariate Cox regression
	Performance of diagnostic strategies


	Plan for addressing confounding
	Aim 1: Descriptive study
	Aim 2: Cohort analysis

	Plan for addressing missing data
	Aim 1: Descriptive study
	Aim 2: Cohort analysis

	Discussion
	Reliance on weight loss coding
	Sample size for cohort analysis
	Investigation and referral outcomes


	Implications
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

