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ABSTRACT

Objectives To confirm the association of previously
reported prognostic factors with future progression of
localised prostate cancer using primary care data and
identify new potential prognostic factors for further
assessment in prognostic model development and
validation.

Design Retrospective cohort study, employing Cox
proportional hazards regression controlling for age,
prostate specific antigen (PSA), and Gleason score, was
stratified by diagnostic stage.

Setting Primary care in England.

Participants Males with localised prostate cancer
diagnosedbetween 01/01/1987 and 31/12/2016 within the
Clinical Practice ResearchDatalink database, with linked
data from the National Cancer Registration andAnalysis
Service and Office for National Statistics.

Primary and secondary outcomes Primary outcome
measure was prostate cancer mortality. Secondary
outcome measures were all-cause mortality and
commencing systemic therapy. Up-staging after diagnosis
was not used as a secondary outcome owing to significant
missing data.

Results 10901 men (mean age 74.38+9.03 years) with
localised prostate cancer were followed up for a mean

of 14.12 (+6.36) years. 2331 (21.38%) men underwent
systemic therapy and 3450 (31.65%) died, including 1250
(11.47%) from prostate cancer. Factors associated with an
increased risk of prostate cancer mortality included age;
high PSA; current or ex-smoker; ischaemic heart disease;
high C reactive protein; high ferritin; low haemoglobin;
high blood glucose and low albumin.

Conclusions This study identified several new potential
prognostic factors for prostate cancer progression, as
well as confirming some known prognostic factors, in an
independent primary care data set. Further research is
needed to develop and validate a prognostic model for
prostate cancer progression.

INTRODUCTION

Prostate cancer prognosis and treatment deci-
sions remain a challenging clinical area for
clinicians and patients, particularly for men

,' Suzanne Marie Ingle,?> Margaret T May,?*
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Strengths and limitations of this study

» Large retrospective cohort study of men with local-
ised prostate cancer.

» Mean follow-up of 14.12 years.

» Data available on a wide range of potential prognos-
tic factors for prostate cancer progression.

» Missing cancer stage and grade data from National
Cancer Research and Analysis Service cancer regis-
try excluded a proportion of the cohort.

with localised disease at the time of diagnosis.
In recent decades, prostate cancer detec-
tion rates in many countries have increased
markedly, in part, as a result of the rising use
of asymptomatic prostate specific antigen
(PSA) testing;1 however, more intensive PSA-
based detection of prostate cancer has not
been convincingly directly correlated with
reductions in prostate cancer mortality for
all men,” implying increasing overdetection
of clinically insignificant tumours.” Treat-
ments for prostate cancer carry a significant
risk of morbidity for men,*® underlining the
importance of being able to identify which
men with tumours confined to the prostate at
diagnosis are at higher risk of prostate cancer
progression and mortality to inform discus-
sions about management options.

Defining and measuring cancer progres-
sion with respect to treatment studies is
outlined in the Response Evaluation Criteria
in Solid Tumours (RECIST) criteria, which
was originally published by the World Health
Organisation (WHO) in 2000° and most
recently updated in 2009.” Evidence of
tumour shrinkage on imaging and time to
development of disease progression are used
to measure treatment response. Definitions
of cancer progression that are relevant to
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prognostic studies are less well defined, and numerous
clinical, biological and surrogate markers of progression
have been proposed in various studies. Prostate cancer
mortality appears to be the logical ultimate endpoint of
prostate cancer progression, but other measures such as
development of metastases,8 biochemical recurrence,9
commencing systemic therapy'’ and protein expression'!
have also been reported.

There are a plethora of prognostic factor studies and
prediction tools for prostate cancer risk'? and prognosis'”
in the published literature. The vast majority are not exter-
nally calibrated or validated, and very few are established
for use in clinical practice.'” Initiatives such as the MRC
PROGnosis RESearch Strategy Partnership (PROGRESS)
partnership highlight the importance of high-quality
prognostic research to help inform clinical practice'* and
outline methodologically rigorous approaches to achieve
this aim.'”” Developing clinically useful risk-prediction
rules starts with identifying potentially important prog-
nostic factors, which could be incorporated into a predic-
tion model. The aim of the current study is to confirm
the association of previously reported prognostic factors
with future progression of localised prostate cancer using
primary care data and identify new potential prognostic
factors for further assessment in prognostic model devel-
opment and validation.

MATERIALS AND METHODS
The protocol for this study has been published previously
in BMJ Open.'® In summary, we undertook a retrospective
cohort study using a longitudinal data set of prospec-
tively collected electronic primary care medical records
from general practices (GPs) in England for the Clinical
Practice Research Datalink (CPRD).!” This data set was
linked with cancer registry data from the National Cancer
Research and Analysis Service (NCRAS)*’ and mortality
data from the Office for National Statistics (ONS).?! Men
were included if they had a diagnosis of prostate cancer
entered into their medical record during the 20-year study
period (01 January 1987—31 December 2016). Localised
prostate cancer was defined as T1-2/N0/MO based on
staging data entered into the NCRAS registry, which is
determined from a combination of clinical, pathological
and radiological data.*®

Potentially relevant clinical, biochemical and pharma-
cological factors measured in CPRD were identified from
a review of the existing published literature (See BM]
Open protocol paper'® for more information about the
prognostic factors assessed). The primary outcome of the
study was prostate cancer mortality. Secondary outcomes
were all-cause mortality and commencing systemic pros-
tate cancer therapy (a measurable proxy for progres-
sion and metastatic spread of prostate cancer). Surgery,
radiotherapy and brachytherapy were classified as local-
ised therapy, with chemotherapy, hormone treatments
(primary or neoadjuvant) and immunotherapy consid-
ered systemic therapy. Mortality outcomes were based

on primary/immediate cause of death reported in death
certification information from the ONS and therapy
outcomes from NCRAS data. In our published protocol,™
up-staging after diagnosis was proposed as a secondary
outcome indicating spread of disease; however, this was
not used in the final analysis as repeat staging was rarely
recorded in the cancer registry.

Descriptive statistics were used to summarise the basic
demographic details of the men and the prevalence of
the preselected putative prognostic factors. Cox propor-
tional hazards regression was used to estimate crude and
mutually adjusted hazard ratios (with 95% CIs) for pros-
tate cancer-specific and all-cause mortality according to
the prognostic factors, controlling for variables currently
used in clinical practice (age, PSA level, Gleason score).
Regression analyses of continuous prognostic factors
were standardised using hazard ratios per change in
one SD. A proportional hazards test was performed to
confirm modelling met regression assumptions. The anal-
ysis was also stratified by stage at diagnosis (T1/2NOMO
vs T3+and/or N1 and/or M1). Sensitivity analysis was
performed, assuming all men in the overall sample with
unknown tumour location had localised disease. In order
to achieve 95% power and detect a difference of 0.1 in
prostate cancer mortality for a binary risk factor using an
alpha of 0.05, a sample of at least 6046 men with prostate
cancer would be required, assuming that 10% die over a
median 10-year follow-up.

RESULTS

A total of 54500 men within CPRD had a diagnosis of
prostate cancer entered into their primary care medical
record during the study period. Baseline participant data
are shown in table 1. Tumour—-node—metastases (TNM)
staging data from the linked cancer registry were avail-
able for 7646 (14.03%) of the sample population and
treatment data were available for 22766 (41.77%) men.
Missing TNM staging data from the cancer registry were
lower for men diagnosed in more recent years: there
were no TNM stage data for men diagnosed before
1993, rising to 37.2% with TNM stage data (1064,/2836)
in 2015. This is consistent with a recent validation study
of the NCRAS prostate cancer registry that showed low
levels of completeness of TNM stage and Gleason score
data prior to 2010.%° Using the available staging and treat-
ment data, 10901 (20%) men were identified as having
localised prostate cancer at the time of diagnosis and
were included in the final cohort for analysis, with a mean
follow-up of 14.12 (+6.36) years. Levels of missing data for
selected prognostic factors within CPRD varied.

1250 men with localised disease died of prostate cancer
over the course of follow-up, giving a prostate cancer
mortality rate of 8.1 per 1000 person-years. The total
number of deaths for included men was 3450 (21.11
deaths per 1000 person-years). A total of 2331 (21.38%)
men with localised disease received systemic therapy in
the follow-up period after diagnosis. For over 90% of the
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Table 1 Baseline participant data
Localised
n=10901 Missing data
Mean (SD)
Age (years) 74.38 (+9.03) 0%
BMI (kg/m?) 27.43 (+4.48) 5.64%
Follow-up (years) 14.12 (+6.36) 0%
Median (IQR)
PSA (ng/mL) 8.4 (5.55, 14.6) 30.66%
n (%)
Gleason score
6 3655 (33.53%) 33:23%
7+ 4420 (40.55%)
Family history of 70 (0.64%) 55.11%
prostate cancer
Ethnicity
White 7361 (67.53%) 29.79%
Mixed 21 (0.19%)
Asian 75 (0.69%)
Black 156 (1.43%)
Other 41 (0.38%)

BMI, body mass index; PSA, prostate specific antigen.

men, it was unknown whether they were reinvestigated
for cancer staging after diagnosis or not (see table 2).
Raised acute phase reactants (C reactive protein (CRP)
(adjusted HR per SD 1.35 95% CI 1.02 to 1.77)), ferritin
(adjusted HR per SD 2.03; 95%CI 1.21 to 3.39) and
random glucose (adjusted HR per SD 1.27; 95% CI 1.06
to 1.54) were associated with prostate cancer mortality.
Anaemia (adjusted HR per SD 0.72; 95% CI 0.59 to 0.88)
and low albumin (adjusted HR per SD 0.81; 95% CI 0.67
to 0.97) were also associated with this outcome. No medi-
cations assessed were associated with prostate cancer
mortality. Current and ex-smokers (adjusted HR 1.47;
95% CI 1.05 to 2.05) and patients with a history of isch-
aemic heart disease (adjusted HR 1.79; 95% CI 1.20 to

2.66) had a higher risk of prostate cancer mortality over
the study period.

Raised CRP, anaemia and low albumin were biochemical
factors associated with all-cause mortality; with anaemia
and low albumin also being associated with commencing
systemic therapy. A number of other factors were also
associated with all-cause mortality, including age, raised
PSA, smoking and smoking-related disease, cardiovas-
cular diseases as well as current use of aspirin or beta-
blockers. Smoking and beta-blockers were also associated
with increased risk of systemic therapy, as were vitamin
D supplements. Benign prostatic hyperplasia and alpha-
blocker prescription were associated with a reduced risk
of commencing systemic therapy (see tables 3 and 4 for
adjusted analysis results and online supplemental tables
S1 and S2 for unadjusted results).

Sensitivity analysis including all participants with
unknown tumour location showed a relationship between
a history of stroke and all-cause mortality (adjusted HR
1.47; 95%CI 1.12 to 1.93p=0.006). The relationship
between aspirin and prostate cancer mortality altered
to very weak evidence for association (adjusted HR 1.55
95% CI 0.79 to 3.02p=0.2). For all other factors measured
and for all three outcomes in the analysis, the direction
of relationship did not change and the magnitude of rela-
tionship stayed relatively stable (see online supplemental
tables S3-6).

DISCUSSION

This retrospective cohort study used primary care medical
records data for men with localised prostate cancer from
CPRD to confirm prognostic factors associated with pros-
tate cancer progression. Well-known factors already incor-
porated into clinical guidelines, such as age and PSA,
were confirmed as being individual prognostic factors.
In addition, further clinical (history of smoking or isch-
aemic heart disease) and biochemical (anaemia or high
ferritin) factors were found to be strongly associated with
prostate cancer mortality. Anaemia, low albumin, raised
PSA, history of ischaemic heart disease and smoking were
also strongly associated with all-cause mortality, as were

Table 2 Primary and secondary outcomes for included and excluded participants

Prostate cancer mortality All-cause mortality Systemic therapy Upstaging*
Included Localised 1250 3450 2331 45
(T1/2N0 MO) (11.47%) (81.65%) (21.38%) (0.41%)
n=10901
Excluded Invasive 3894 6916 10881 28
(T3+/N1/M1) (31.61%) (56.15%) (88.33%) (0.23%)
n=12318
Unknown 1540 5420 31954 19
n=31281 (4.92%) (17.33%) (58.63%) (0.06%)
*Repeat staging data missing for 50119 (91.96%) of sample.
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peripheral vascular disease, chronic obstructive pulmo-
nary disease and beta-blocker use. Smoking history was
strongly associated with future systemic therapy, as were
recent prescriptions of alpha-blockers or vitamin D
supplements.

This analysis confirms the prognostic associations of
some factors in prostate cancer progression. Smoking
has also been found to be a risk factor for prostate
cancer progression and mortality in cohort studies®
and systematic reviews.” Low albumin was associated
with prostate cancer mortality in the Apolipoprotein-
related MOrtality RISk (AMORIS) cohort® and, along
with anaemia,?® was a more widely accepted predictor
of poor cancer outcomes.?”” The published literature
around the prognostic effect of beta-blockers for pros-
tate cancer patients has been more mixed,” with this
study lending weight to the evidence of increased
mortality in patients with cancer. Body mass index
(BMI) was not shown to be associated with prostate
cancer and overall mortality in this study. While some
observational studies of prostate cancer have suggested
that an association may exist,® *** reviews of trial data
have demonstrated that higher BMI may actually
improve the prognosis for men with cancer.”

This study attempted to confirm prognostic factors
in a primary care data set that could be used in a model
to predict prostate cancer progression at the time of
diagnosis, prior to any treatment being initiated. This
approach could allow the identified prognostic factors
to be used to develop a new prognostic tool to inform
treatment decisions between a patient and their
treating team. There are already examples of similar
prognostic tools available for use, including Predict
Prostate (https://prostate.predict.nhs.uk/). However,
these tools have only been developed using secondary
care data,”® which may not capture all important prog-
nostic factors or have equivalent length of follow-up of
patients in their development or calibration cohorts.
In the context of on-going challenges with prognosti-
cation for men with localised prostate cancer and the
increasing numbers of men being diagnosed every year,
getting the most accurate information to inform treat-
ment discussions between patients and their treating
physicians is vital.

Strengths and limitations

This study has a number of unique features. This is
the first study that the authors are aware of to use a
primary care data set to identify and confirm prog-
nostic factors associated with prostate cancer progres-
sion. CPRD contains all data held in the primary care
records of millions of UK patients, allowing the inclu-
sion of a range of potentially important prognostic
factors. Using a primary care data set from the National
Health Service (NHS) also provided long-term data
for included patients, with a mean follow-up of over
14 years. Prolonged follow-up for men with prostate
cancer is important as many patients can live for years

before their cancer progresses. The lack of high-
quality prognostic research discussed in the introduc-
tion is not limited to prostate cancer, with many other
prognostic factor studies being conducted in similarly
flawed ways.”™™ This study sought to take a confir-
matory approach to postulated prognostic factors in
prostate cancer in a rigorous manner, following the
methodological recommendations of the REMARK
guidelinf:s36 and the PROGRESS partnership.M_17

There are some limitations of this study that need
to be considered. Previous research has shown that
the prostate cancer registry in England has strong
case completeness, but significant missing TNM stage
and Gleason score data up until recent years.” Data
completeness and quality within NCRAS continues to
improve, and there is no equivalent UK cancer registry
data set with more complete data available at this
present time.”? This level of missing data meant that
it was unknown whether the majority of potentially
included men had localised disease or not. Even so,
the study was still powered to answer the research ques-
tion, and sensitivity analyses showed minimal changes
to almost all relationships between the prognostic
factors of interest and the study outcomes. Misattribu-
tion of prostate cancer as the primary cause of death
may occur in some frail, elderly patients or patients
with multimorbidity, affecting the primary outcome of
this study. There is evidence of misattribution of pros-
tate cancer as a cause of death in other high-income
countries;”” * however, an English study comparing
death certification to a blinded; independent panel
showed that ONS data on prostate cancer mortality
classification are highly accurate.” This study uses a
retrospective design interrogating electronic primary
care records. It relies on accurate coding from GPs,"
and there was significant missing data for some prog-
nostic factors.

This study took a confirmatory approach to identify
which prognostic factors for prostate cancer progres-
sion may be relevant, and some new prognostic factors
not currently recommended for use in clinical practice
were identified. These prognostic factors could be used
to generate a more robust clinical risk prediction tool
to guide treatment decision-making. Developing an
accurate prediction tool for prostate cancer progres-
sion, not just mortality, could be more useful for
informing management discussions between patients
and clinicians.

Twitter Samuel William David Merriel @sammerriel

Contributors SWDM conceived and designed the work that has led to this
submission. He acquired the data and performed the analysis. He drafted the
manuscript and approves the final version. He agrees to be accountable for all
aspects of the work. As corresponding author, he also confirms he has full access
to the data in the study and has taken final responsibility for the decision to submit
for publication. SMI played an important role in the data analysis and interpretation
of the results. She revised the manuscript and approved the final version. She
agrees to be accountable for all aspects of the work. MTM helped design the work
that has led to this submission, and supported interpretation of the results. She also

6

Merriel SWD, et al. BMJ Open 2021;11:e044420. doi:10.1136/bmjopen-2020-044420

“ybuAdoo Aq parosioid 1sanb Aq 120z ‘Sz AeIA uo jwod [wg uadolwg//:dny woul papeojumoq "TzZ0z Arenigad gT Uo 0Ziy0-0202-uadolwag/osTT 0T Se paysignd 1say :uado NG


https://prostate.predict.nhs.uk/
https://twitter.com/sammerriel
http://bmjopen.bmj.com/

provided study supervision to SWDM. She has revised the manuscript and approved
the final version. She agrees to be accountable for all aspects of the work. RMM
helped to conceive and design the work that has led to this submission. He also
provided study supervision to SWDM. He has revised the manuscript and approved
the final version. He agrees to be accountable for all aspects of the work.

Funding SWDM is supported by the Can Test Collaborative, which is funded

by CRUK (C8640/A23385). This work was supported by an Academic Clinical
Fellowship in Primary Care for SWDM, funded by the National Institute for Health
Research and Health Education England. The views expressed in this publication
are those of the author(s) and not necessarily those of the NHS, the National
Institute for Health Research, Health Education England or the Department of
Health. RMM was supported by a CRUK programme grant, the Integrative Cancer
Epidemiology Programme (C18281/A19169). MM was supported by the NIHR
Biomedical Research Centre at University Hospitals Bristol NHS Foundation Trust
and the University of Bristol. The funders had no direct role in the planning or
undertaking of this study, or the preparation of this manuscript.

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval This study received ethical approval from the Independent
Scientific Advisory Committee (ISAC) of the Medicines and Healthcare products
Regulatory Authority (MHRA)—Protocol reference 17_041. It was conducted in
accordance with the Declaration of Helsinki.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data may be obtained from a third party and are not
publicly available. This study analysed a CPRD dataset, with linked NCRAS and ONS
data. Permission was not sought to share the dataset publicly.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iD
Samuel William David Merriel http://orcid.org/0000-0003-2919-9087

REFERENCES

1 Collin SM, Martin RM, Metcalfe C, et al. Prostate-cancer mortality
in the USA and UK in 1975-2004: an ecological study. Lancet Oncol
2008;9:445-52.

2 Ferlay J, Soerjomataram |, Ervik M. GLOBOCAN 2012 v1.0, Cancer
Incidence and Mortality Worldwide: IARC CancerBase No. 11
[Internet]. International Agency for Research on Cancer, 2013. http://
globocan.iarc.fr

3 Sandhu GS, Andriole GL. Overdiagnosis of prostate cancer. J Nat/
Cancer Inst Monogr 2012;2012:146-51.

4 Donovan JL, Hamdy FC, Lane JA, et al. Patient-reported outcomes
after monitoring, surgery, or radiotherapy for prostate cancer. N Eng/
J Med 2016;375:1425-37.

5 Hamdy FC, Donovan JL, Lane JA, et al. 10-Year outcomes after
monitoring, surgery, or radiotherapy for localized prostate cancer. N
Engl J Med 2016;375:1415-24.

6 Therasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines to
evaluate the response to treatment in solid tumors. European
organization for research and treatment of cancer, National cancer
Institute of the United States, National cancer Institute of Canada. J
Natl Cancer Inst 2000;92:205-16.

7 Eisenhauer EA, Therasse P, Bogaerts J, et al. New response
evaluation criteria in solid tumours: revised RECIST guideline (version
1.1). Eur J Cancer 2009;45:228-47.

8

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Peisch SF, Van Blarigan EL, Chan JM, et al. Prostate cancer
progression and mortality: a review of diet and lifestyle factors. World
J Urol 2017;35:867-74.

Bianco-Miotto T, Chiam K, Buchanan G, et al. Global levels of
specific histone modifications and an epigenetic gene signature
predict prostate cancer progression and development. Cancer
Epidemiol Biomarkers Prev 2010;19:2611-22.

Fleshner N, Lucia MS, Melich K, et al. Effect of dutasteride on
prostate cancer progression and cancer diagnosis on rebiopsy in the
REDEEM active surveillance study. J Clin Oncol 2011;29:2.

Cullen J, Young D, Chen Y. Predicting prostate cancer progression
as a function of ETS-related gene status, race, and obesity in a
longitudinal patient cohort. Eur Urol Focus 2017;1:1-7.

Louie KS, Seigneurin A, Cathcart P, et al. Do prostate cancer risk
models improve the predictive accuracy of PSA screening? A meta-
analysis. Ann Oncol 2015;26:848-64.

Shariat SF, Kattan MW, Vickers AJ, et al. Critical review of prostate
cancer predictive tools. Future Oncol 2009;5:1555-84.

Hemingway H, Croft P, Perel P, et al. Prognosis research strategy
(PROGRESS) 1: a framework for researching clinical outcomes. BMJ
2013;346:5595.

Riley RD, Hayden JA, Steyerberg EW, et al. Prognosis research
strategy (progress) 2: prognostic factor research. PLoS Med
2013;10:e1001380-9.

Steyerberg EW, Moons KGM, van der Windt DA, et al. Prognosis
research strategy (progress) 3: prognostic model research. PLoS
Med 2013;10:e1001381-9.

Hingorani AD, Windt DAvander, Riley RD, et al. Prognosis

research strategy (progress) 4: stratified medicine research. BMJ
2013;346:e5793.

Merriel SWD, May MT, Martin RM. Predicting prostate cancer
progression: protocol for a retrospective cohort study to identify
prognostic factors for prostate cancer outcomes using routine
primary care data. BMJ Open 2018;8:e019409.

CPRD. Welcome to the clinical practice research Datalink.. Available:
https://www.cprd.com/home/

NCRAS. National cancer research and analysis service. Available:
papers3://publication/uuid/CBEF1C52-AEBE-4B92-A099-
2BC799944207

ONS. Deaths registered in England and Wales (series DR), 2016.
London, 2017. Available: http://www.ons.gov.uk/ons/rel/vsob1/
mortality-statistics-deaths-registered-in-england-and-wales-series-
dr-/2014/stb-mortality-stats-2014.html

Henson KE, Elliss-Brookes L, Coupland VH, et al. Data resource
profile: National cancer registration dataset in England. Int J
Epidemiol 2020;49:16-16h.

Merriel SWD, Turner EL, Walsh E, et al. Cross-sectional study
evaluating data quality of the National cancer registration and
analysis service (NCRAS) prostate cancer registry data using the
cluster randomised trial of PSA testing for prostate cancer (CAP).
BMJ Open 2017;7:e015994.

Rohrmann S, Genkinger JM, Burke A, et al. Smoking and risk of fatal
prostate cancer in a prospective U.S. study. Urology 2007;69:721-5.
Arthur R, Williams R, Garmo H, et al. Serum inflammatory markers
in relation to prostate cancer severity and death in the Swedish
AMORIS study. Int J Cancer 2018;142:2254-62.

Van Belle SJ-P. What is the value of hemoglobin as a prognostic and
predictive factor in cancer? Eur J Cancer Suppl 2004;2:11-19.
Gupta D, Lis CG. Pretreatment serum albumin as a predictor of
cancer survival: a systematic review of the epidemiological literature.
Nutr J 2010;9:1-16.

Assayag J, Pollak MN, Azoulay L. Post-diagnostic use of beta-
blockers and the risk of death in patients with prostate cancer. Eur J
Cancer 2014;50:2838-45.

Cantarutti A, Bonn SE, Adami H-O, et al. Body mass index and
mortality in men with prostate cancer. Prostate 2015;75:1129-36.
Haque R, Van Den Eeden SK, Wallner LP, et al. Association of body
mass index and prostate cancer mortality. Obes Res Clin Pract
2014;8:e374-81.

Greenlee H, Unger JM, LeBlanc M, et al. Association between body
mass index and cancer survival in a pooled analysis of 22 clinical
trials. Cancer Epidemiol Biomarkers Prev 2017;26:21-9.
Gnanapragasam VJ, Lophatananon A, Wright KA, et al. Improving
clinical risk stratification at diagnosis in primary prostate cancer: a
prognostic modelling study. PLoS Med 2016;13:e1002063.

Kyzas PA, Denaxa-Kyza D, loannidis JPA. Almost all articles on
cancer prognostic markers report statistically significant results. Eur
J Cancer 2007,;43:2559-79.

Kyzas PA, Loizou KT, loannidis JPA. Selective reporting

biases in cancer prognostic factor studies. J Nat/ Cancer Inst
2005;97:1043-55.

Merriel SWD, et al. BMJ Open 2021;11:e044420. doi:10.1136/bmjopen-2020-044420

“ybuAdoo Aq parosioid 1sanb Aq 120z ‘Sz AeIA uo jwod [wg uadolwg//:dny woul papeojumoq "TzZ0z Arenigad gT Uo 0Ziy0-0202-uadolwag/osTT 0T Se paysignd 1say :uado NG


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-2919-9087
http://dx.doi.org/10.1016/S1470-2045(08)70104-9
http://globocan.iarc.fr
http://globocan.iarc.fr
http://dx.doi.org/10.1093/jncimonographs/lgs031
http://dx.doi.org/10.1093/jncimonographs/lgs031
http://dx.doi.org/10.1056/NEJMoa1606221
http://dx.doi.org/10.1056/NEJMoa1606221
http://dx.doi.org/10.1056/NEJMoa1606220
http://dx.doi.org/10.1056/NEJMoa1606220
http://dx.doi.org/10.1093/jnci/92.3.205
http://dx.doi.org/10.1093/jnci/92.3.205
http://dx.doi.org/10.1016/j.ejca.2008.10.026
http://dx.doi.org/10.1007/s00345-016-1914-3
http://dx.doi.org/10.1007/s00345-016-1914-3
http://dx.doi.org/10.1158/1055-9965.EPI-10-0555
http://dx.doi.org/10.1158/1055-9965.EPI-10-0555
http://dx.doi.org/10.1200/jco.2011.29.7_suppl.2
http://dx.doi.org/10.1093/annonc/mdu525
http://dx.doi.org/10.2217/fon.09.121
http://dx.doi.org/10.1136/bmj.e5595
http://dx.doi.org/10.1371/journal.pmed.1001380
http://dx.doi.org/10.1371/journal.pmed.1001381
http://dx.doi.org/10.1371/journal.pmed.1001381
http://dx.doi.org/10.1136/bmj.e5793
http://dx.doi.org/10.1136/bmjopen-2017-019409
https://www.cprd.com/home/
papers3://publication/uuid/CBEF1C52-AEBE-4B92-A099-2BC799944207
papers3://publication/uuid/CBEF1C52-AEBE-4B92-A099-2BC799944207
http://www.ons.gov.uk/ons/rel/vsob1/mortality-statistics-deaths-registered-in-england-and-wales-series-dr-/2014/stb-mortality-stats-2014.html
http://www.ons.gov.uk/ons/rel/vsob1/mortality-statistics-deaths-registered-in-england-and-wales-series-dr-/2014/stb-mortality-stats-2014.html
http://www.ons.gov.uk/ons/rel/vsob1/mortality-statistics-deaths-registered-in-england-and-wales-series-dr-/2014/stb-mortality-stats-2014.html
http://dx.doi.org/10.1093/ije/dyz076
http://dx.doi.org/10.1093/ije/dyz076
http://dx.doi.org/10.1136/bmjopen-2017-015994
http://dx.doi.org/10.1016/j.urology.2006.12.020
http://dx.doi.org/10.1002/ijc.31256
http://dx.doi.org/10.1016/S1359-6349(03)00103-4
http://dx.doi.org/10.1186/1475-2891-9-69
http://dx.doi.org/10.1016/j.ejca.2014.08.006
http://dx.doi.org/10.1016/j.ejca.2014.08.006
http://dx.doi.org/10.1002/pros.23001
http://dx.doi.org/10.1016/j.orcp.2013.06.002
http://dx.doi.org/10.1158/1055-9965.EPI-15-1336
http://dx.doi.org/10.1371/journal.pmed.1002063
http://dx.doi.org/10.1016/j.ejca.2007.08.030
http://dx.doi.org/10.1016/j.ejca.2007.08.030
http://dx.doi.org/10.1093/jnci/dji184
http://bmjopen.bmj.com/

35 Hemingway H, Riley RD, Altman DG. Ten steps towards improving
prognosis research. BMJ 2010;340:410-4.

36 McShane LM, Altman DG, Sauerbrei W, et al. Reporting
recommendations for tumor marker prognostic studies (REMARK). J
Natl Cancer Inst 2005;97:1180-4.

37 Moghanaki D, Howard LE, De Hoedt A, et al. Validity of the National
death index to ascertain the date and cause of death in men having
undergone prostatectomy for prostate cancer. Prostate Cancer
Prostatic Dis 2019;22:633-5.

38 Loffeler S, Halland A, Weedon-Fekjeer H, et al. High Norwegian
prostate cancer mortality: evidence of over-reporting. Scand J Urol
2018;52:122-8.

39 Turner EL, Metcalfe C, Donovan JL, et al. Contemporary accuracy
of death certificates for coding prostate cancer as a cause of death:
is reliance on death certification good enough? A comparison
with blinded review by an independent cause of death evaluation
Committee. Br J Cancer 2016;115:90-4.

40 Reeves D, Springate DA, Ashcroft DM, et al. Can analyses of
electronic patient records be independently and externally validated?
The effect of statins on the mortality of patients with ischaemic heart
disease: a cohort study with nested case-control analysis. BMJ Open
2014;4:e004952.

Merriel SWD, et al. BMJ Open 2021;11:e044420. doi:10.1136/bmjopen-2020-044420

“ybuAdoo Aq parosioid 1sanb Aq 120z ‘Sz AeIA uo jwod [wg uadolwg//:dny woul papeojumoq "TzZ0z Arenigad gT Uo 0Ziy0-0202-uadolwag/osTT 0T Se paysignd 1say :uado NG


http://dx.doi.org/10.1093/jnci/dji237
http://dx.doi.org/10.1093/jnci/dji237
http://dx.doi.org/10.1038/s41391-019-0146-1
http://dx.doi.org/10.1038/s41391-019-0146-1
http://dx.doi.org/10.1080/21681805.2017.1421260
http://dx.doi.org/10.1038/bjc.2016.162
http://dx.doi.org/10.1136/bmjopen-2014-004952
http://bmjopen.bmj.com/

	Retrospective cohort study evaluating clinical, biochemical and pharmacological prognostic factors for prostate cancer progression using primary care data
	Abstract
	Introduction﻿﻿
	Materials and methods
	Results
	Discussion
	Strengths and limitations

	References


