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Abstract
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Background: Active surveillance [(AS), sometimes called active monitoring (AM)],is a National Institute for
Health and Care Excellence-recommended management option for men with clinically localised prostate
cancer (PCa). It aims to target radical treatment only to those who would benefit most. Little consensus
exists nationally or internationally about safe and effective protocols for AM/AS or triggers that indicate if
or when men should move to radical treatment.

Objective: The aims of this project were to review how prostate-specific antigen (PSA) has been used in
AMV/AS programmes; to develop and test the validity of a new model for predicting future PSA levels;

to develop an instrument, based on PSA, that would be acceptable and effective for men and clinicians to
use in clinical practice; and to design a robust study to evaluate the cost-effectiveness of the instrument.

Methods: A systematic review was conducted to investigate how PSA is currently used to monitor men in
worldwide AM/AS studies. A model for PSA change with age was developed using Prostate testing for
cancer and Treatment (ProtecT) data and validated using data from two PSA-era cohorts and two
pre-PSA-era cohorts. The model was used to derive 95% PSA reference ranges (PSARRs) across ages.
These reference ranges were used to predict the onset of metastases or death from PCa in one of the
pre-PSA-era cohorts. PSARRs were incorporated into an active monitoring system (AMS) and demonstrated
to 18 clinicians and 20 men with PCa from four NHS trusts. Qualitative interviews investigated patients’ and
clinicians’ views about current AM/AS protocols and the acceptability of the AMS within current practice.

Results: The systematic review found that the most commonly used triggers for clinical review of PCa
were PSA doubling time (PSADT) < 3 years or PSA velocity (PSAv) > 1 ng/ml/year. The model for PSA
change (developed using ProtecT study data) predicted PSA values in AM/AS cohorts within 2 ng/ml of
observed PSA in up to 79% of men. Comparing the three PSA markers, there was no clear optimal
approach to alerting men to worsening cancer. The PSARR and PSADT markers improved the model
c-statistic for predicting death from PCa by 0.11 (21%) and 0.13 (25%), respectively, compared with using

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Simpkin et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.



Vi

ABSTRACT

diagnostic information alone [PSA, age, tumour stage (T-stage)]. Interviews revealed variation in clinical

practice regarding eligibility and follow-up protocols. Patients and clinicians perceive current AM/AS practice

to be framed by uncertainty, ranging from uncertainty about selection of eligible AM/AS candidates to
uncertainty about optimum follow-up protocols and thresholds for clinical review/radical treatment.
Patients and clinicians generally responded positively to the AMS. The impact of the AMS on clinicians’
decision-making was limited by a lack of data linking AMS values to long-term outcomes and by current
clinical practice, which viewed PSA measures as one of several tools guiding clinical decisions in AM/AS.
Patients reported that they would look to clinicians, rather than to a tool, to direct decision-making.

Limitations: The quantitative findings were severely hampered by a lack of clinical outcomes or events
(such as metastases). The qualitative findings were limited through reliance on participants’ reports of
practices and recollections of events rather than observations of actual interactions.

Conclusions: Patients and clinicians found that the instrument provided additional, potentially helpful,
information but were uncertain about the current usefulness of the risk model we developed for routine
management. Comparison of the model with other monitoring strategies will require clinical outcomes
from ongoing AM/AS studies.

Funding: The National Institute for Health Research Health Services and Delivery Research programme.
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Active monitoring A management option for men with clinically localised prostate cancer. Active
monitoring requires pre-defined eligibility criteria, a management protocol and triggers for clinical review
leading to change of management. Men are followed up with repeated prostate-specific antigen testing
and, often, digital rectal examinations, with the option for rebiopsy if the latter appear to show worsening
disease. Regular review provides the opportunity to consider all management options, including radical
treatment, on request or where worsening results from prostate-specific antigen testing and digital rectal
examinations are evident.

Active monitoring system A Microsoft Excel® 2013 (Microsoft Corporation, Redmond, WA, USA)
spreadsheet that records and displays repeated measurements of prostate-specific antigen in a
graphical format.

Active surveillance Similar to active monitoring but usually with protocols that allow entry of only men
with defined low-risk prostate cancer. Active surveillance also includes scheduled repeat biopsy testing of
men, as well as prostate-specific antigen and digital rectal examination testing.

Cox proportional hazards model A regression type model for time-to-event data, such as time to onset
of metastases.

Fractional polynomial mixed model A statistical method by which smooth curves can be fitted to
repeated measures of, for example, prostate-specific antigen over time.

Functional principal components analysis A statistical method by which smooth curves can be fitted to
repeated measures of, for example, prostate-specific antigen over time.

Linear mixed model A statistical method by which lines can be fitted to repeated measures of,
for example, prostate-specific antigen over time.

Principal components analysis through conditional expectation A statistical method by which
smooth curves can be fitted to repeated measures of, for example, prostate-specific antigen over time.

Prostate-specific antigen A serum that is produced in the prostate. Prostate-specific antigen is a key
biomarker in the diagnosis and monitoring of prostate cancer.

Prostate-specific antigen doubling time A summary measure of repeated measurements of
prostate-specific antigen which corresponds to the estimated time it will take for a man'’s prostate-specific
antigen to double. A low positive value of prostate-specific antigen doubling time corresponds to rapidly
rising prostate-specific antigen.

Prostate-specific antigen reference ranges A model-based approach to alerting men to rapidly rising
prostate-specific antigen during active monitoring.

Prostate-specific antigen velocity A summary measure of repeated measurements of prostate-specific
antigen which corresponds to the rate of change of prostate-specific antigen. A high value of
prostate-specific antigen velocity corresponds to rapidly rising prostate-specific antigen.

Prostate testing for cancer and Treatment trial An ongoing multicentre randomised controlled trial
comparing active monitoring, radical prostatectomy and radiotherapy in the UK.

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Simpkin et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.



Regression spline mixed model A statistical method by which smooth curves can be fitted to repeated
measures of, for example, prostate-specific antigen over time.

Root-mean-square error A summary measure for comparing statistical models, which describes
the average absolute difference between observed and predicted values (e.g. between observed
prostate-specific antigen values and those predicted by the model).

Watchful waiting A conservative management approach for generally older men with comorbidities or

other reasons for which radical treatment may not be suitable. No trigger for radical treatment is in place,
although palliative care through hormonal treatment may be recommended.
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Plain English summary

Active monitoring (AM) or active surveillance (AS) are management options for men with low-risk
prostate cancer (PCa), consisting of regular blood tests measuring the level of prostate-specific antigen
(PSA) and, sometimes, regular prostate biopsies. A rising PSA level can indicate worsening PCa, but PSA
can also be raised for non-cancer-related reasons. A UK study [Prostate testing for cancer and Treatment
(ProtecT)] will report results in 2016 that will provide clearer evidence about the best treatment
(radiotherapy, AM or surgery) for low-risk PCa. Many research groups monitor PCa using PSA, but each
uses different methods and there is much debate about the best method to use.

We developed a model for changes in PSA with age using data from men on AM in ProtecT. This model
predicted PSA reasonably accurately in similar groups of men in the UK and USA. We developed software
that shows the observed PSA data for a given patient in comparison with an average man’s change in PSA
and highlights an observed PSA in the predicted top 5%.

We interviewed patients and clinicians about current methods of AM/AS and the acceptability of our
software. Patients and clinicians expressed reservations about whether or not the software would currently
influence decision-making. Clinicians did not feel that they would make recommendations about stopping
or continuing AM/AS based on PSA monitoring alone. Patients maintained that decision-making would
ultimately be guided by their clinician.
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Scientific summary

Background

Prostate cancer (PCa) is one of the most common cancers and one of the most common causes of cancer
death in the UK. Men diagnosed with clinically localised PCa can choose between radical treatment
(prostatectomy, radiotherapy) or active surveillance (AS), the latter of which aims to target radical treatment
only to those who would benefit most. AS consists of regular check-ups of prostate-specific antigen

(PSA; an antigen in serum measured through a blood test), digital rectal examination (DRE) and repeat
biopsy. Also known as active monitoring (AM), AS triggers a clinical review with the opportunity for a
biopsy when results from PSA and DRE tests appear to show worsening disease. AM/AS are distinguished
from watchful waiting (WW), which is a method of managing men with prostate cancer who are not
suitable for radical treatment, involving treatment only if and when they develop symptoms. The Prostate
testing for cancer and Treatment (ProtecT) trial, funded by the National Institute for Health Research Health
Technology Assessment programme, is the first randomised controlled trial (RCT) comparing AM with radical
treatments (surgery and radiotherapy) and will report primary outcomes in 2016.

There is uncertainty over which men are suitable for AM/AS, how to monitor them and if or when to
recommend radical treatment. Several ongoing studies of AM/AS use PSA kinetic measures such as PSA
doubling time (PSADT) or PSA velocity (PSAv) to trigger clinical review. To use PSA to monitor men, it is
essential to be able to distinguish age-related from pathological changes and to allow for the wide
within-individual variation in PSA. A model for PSA changes over time, if shown to be accurate in
predicting PSA across different populations of men with PCa, could be used to provide comparison values
for individual PSA changes.

There has been little qualitative research into men’s and clinicians’ experiences and views about AM/AS.
Research has tended to focus on men'’s treatment decision-making following diagnosis of PCa, with a
smaller number of qualitative studies drawing attention to the key issue of men’s uncertainty and how this
is dealt with. There is little qualitative evidence about experiences of undergoing or providing AM/AS or
how AM/AS is conducted in routine practice.

Objectives

1. To compare protocols and triggers for radical treatment or clinical review in studies of

AM/AS worldwide.

To develop a model for age-related PSA change in men on AM/AS.

To validate this model in predicting PSA in external cohorts of men on AM/AS.

To use the model to derive 95% reference ranges for PSA with age.

To test the ability of an observed PSA value lying outside these reference ranges to predict

clinical outcomes.

To explore the acceptability of a graphical presentation of the reference ranges [the active monitoring
system (AMS)] in clinical practice through interviews with men on AM/AS and their clinicians.
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Prostate-specific antigen data were available from men diagnosed through PSA testing who had refused
randomisation but had chosen to be managed by AM in the ProtecT study. These data included 7438 PSA
tests from 512 men over a mean follow-up of 4.8 years [standard deviation (SD) 2.4 years], along with
other clinical, social and demographic variables. Men were eligible for AM if they had a diagnosis of
clinically localised PCa (T1/T2) and were also eligible for surgery or radiotherapy. They were followed up
with PSA tests every 3 months in year 1 and 6-monthly thereafter, with a formal assessment of PSA
change over a 12-month period each year. Given that the ProtecT trial outcome data are under embargo
until publication of results in 2016, the clinical outcomes of these 512 men remain unknown.

The Royal Marsden Hospital (RMH) AS cohort data consisted of 499 men and 9427 PSA test results over
an average of 4.5 years (SD 2.6 years). Clinical outcomes of metastases and PCa-specific mortality (PCSM)
were available alongside baseline measurements of Gleason score, tumour stage (T-stage), percentage of
free PSA, prostate volume and percentage of positive biopsy cores. These data were collected between
1999 and 2012 and represent a modern cohort of UK men on AS, with the majority diagnosed through a
raised PSA level and subsequent positive biopsy. The study had eligibility criteria of baseline PSA < 15 ng/ml,
Gleason score of <3 + 4 and percentage of positive biopsy cores <50%. Men on AS were followed up
with PSA tests every 3—4 months in the first 2 years and every 6 months thereafter. Biochemical progression
was defined as PSAv > 1 ng/ml/year, whereas histological progression on rebiopsy was Gleason score of
>4+ 3 or >50% positive biopsy cores.

A similar US cohort is the Johns Hopkins (JH) Hospital AS study. We received PSA data on 961 men,
comprising 9993 PSA test results, along with baseline Gleason score, prostate volume, PSA density (PSAD),
percentage of free PSA, percentage of positive cores and the percentage of cancer per positive core.
Clinical outcomes of all-cause and PCSM were also included. These PSA data were collected between
1992 and 2012 and represent a modern, ongoing AS population. Men were eligible if they had a Gleason
score of <3+ 3, stage T1¢, PSAD < 0.15 ng/ml/cm3, <2 positive biopsy cores and maximum involvement
of 50% per core. Radical treatment was recommended when men no longer met the eligibility criteria
described above.

The University of Connecticut Health Center (UCHC) cohort represents an older era of WW/AM before the
onset of PSA screening. The men were, for the most part, diagnosed clinically — through presentation with
symptoms for example. The data included 114 men with 844 PSA test results over an average follow-up of
4.7 years (SD 3.9 years). Gleason score at diagnosis and an outcome of all-cause mortality were available.

Data were provided by the Scandinavian Prostate Cancer Group study number 4 (SPCG4) from the WW arm
of their RCT. The men in this study were diagnosed between 1989 and 1999, the majority before PSA
testing became widely available, and represent a cohort of men with clinically localised PCa at a more
advanced stage. This cohort comprised 290 men, with 2987 PSA test results during an average of 6.0 years
of follow-up (SD 3.8 years). Along with baseline Gleason score and T-stage, outcomes of metastases and
PCSM were available.

Prostate-specific antigen testing was not widespread in the UK, Scandinavia or the USA at the time of the
SPCG4 and UCHC cohorts, whereas screening is common in the USA today. The SPCG4 and UCHC
cohorts thus represent clinically presenting men, not PSA-detected men. The ProtecT and RMH cohorts
represent men detected by an initial PSA test at an arbitrary time-point (who could have had raised PSA for
some time before inclusion in this study). The JH cohort represents men detected via ongoing and
repeated screening (and who are thus unlikely to have prior raised PSA). The cohorts thus represent a wide
range of ‘types’ of PCa diagnosed at different points along the long lead-time in the development of PCa.
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Methods

A systematic review was undertaken to examine AM/AS studies worldwide, particularly methods of
monitoring PSA and the triggers used to recommend clinical review or radical treatment. The rate of
management change from AM/AS to radical treatment was estimated through meta-analysis.

A model for PSA change with age was developed using the ProtecT trial data. Multilevel modelling was
used to account for variability in PSA values between and within individuals over the course of the
monitoring period. The resulting ProtecT model was externally validated in men from the RMH, JH, SPCG4
and UCHC cohorts.

The model was used to develop 95% reference ranges for PSA with age. Observed PSA values above the
reference range would account for the top 5% of PSA level and could be indicative of pathological
changes in PCa status. Thus, men with a single PSA test result above their PSA reference ranges (PSARR)
would be recommended for clinical review. Specificity and sensitivity of PSARR, PSADT and PSAv were
compared, using metastases and PCSM as binary outcomes. Cox proportional hazards models were used
to compare the predictive ability of the three PSA markers using these outcomes as time-to-event data.

A c-statistic was calculated from a model using diagnostic (i.e. baseline) information from each individual,
and improvements in the c-statistic from this model, as well as model deviance, were used to compare the
PSA markers.

A qualitative study was designed to investigate acceptability to patients and clinicians of the PSARR model
presented using Microsoft Excel® software (Microsoft Corporation, Redmond, WA, USA), referred to as the
AMS. The qualitative study also sought to investigate patient and clinician perspectives on current AM/AS
management and how the AMS would compare and fit with current practice.

Semi-structured interviews were conducted with 18 clinicians and 20 patients from four NHS acute trusts.
Sites were purposefully selected on the basis of having a fully running AM/AS programme. Clinicians were
purposefully sampled on the basis of having responsibility for leading AM/AS clinics. Clinicians identified
low-risk patients for interview based on clinical eligibility criteria provided by the research team and
distributed recruitment packs to potential patient participants.

Interviews took place in private, confidential settings within hospital premises or patients’ homes between
April and November 2013. Interviews were recorded following receipt of written consent and transcribed
in full. Thematic analysis, guided by the constant comparison method from grounded theory, took place
concurrently with data collection. Data collection proceeded until data saturation was achieved — after four
consecutive interviews produced no new themes.

Results

The systematic review found little consensus on the optimal design of an AM/AS protocol. AS programmes
were more common than AM, with 16 AS and six AM studies worldwide. PSA testing was used by all

22 studies, with various frequencies of testing. Twelve cohorts used PSA or PSA kinetics to recommend
clinical review, with the most common thresholds being a PSADT < 3 years or a PSAv > 1 ng/ml/year. The
overall rate of management change was 84 per 1000 person-years [95% confidence interval (Cl) 61 to
106 per 1000 person-years], with wide variation between studies. There were eight deaths from PCa in
7111 men followed for a median of 3.7 years.

Our analysis of the ProtecT trial data found that the optimal model for PSA change was a regression spline
mixed model (RSMM). This model allows for a different linear change in log-PSA at different ages during
AMV/AS. It was found to have the best accuracy to fit the repeated PSA data from the ProtecT trial, with an
average absolute difference between observed and predicted PSA of 2.1 ng/ml.
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The ProtecT model predicted PSA values from the RMH and JH cohorts, with average absolute differences
between predicted and observed PSA of 2.0 ng/ml in the RMH cohort and 1.8 ng/ml in the JH cohort.
Between 67% and 79% of men in these two cohorts had an average difference of <2 ng/ml per PSA test.
In the older cohorts, as expected, the ProtecT model performed less well, with an average absolute
difference per PSA test of 4.6 ng/ml in the SPCG4 cohort and 3.7 ng/ml in the UCHC cohort. Just 39% of
men in SPCG4 and 51% of men in UCHC had an average absolute difference of <2 ng/ml per PSA test.

Prostate-specific antigen reference ranges had the highest specificity (correctly not alerting men with stable
cancer) but lowest sensitivity (correctly identifying men with lethal cancer) among the three PSA markers in
both predicting metastases and death from PCa in SPCG4. In men with a Gleason score of 6, there was
some weak evidence that PSADT improved on using PSAv for metastases (p =0.06) and PCSM (p =0.05).
In the SPCG4 cohort, a model using age, T-stage and PSA at diagnosis was not very useful for either
outcome (c-statistic = 0.58 for metastases and 0.53 for PCSM). For PCSM, PSARRs (c-statistic increase
0.11=21%) and PSADT (c-statistic increase 0.13 =25%) were both useful in improving discriminative
ability, compared with using diagnostic information alone (PSA, age, T-stage). In the RMH and UCHC
cohorts, a lack of events in clinical outcomes did not allow us to compare the PSA markers.

Interviews with clinicians revealed an appreciation of the many uncertainties underpinning current AM/AS
practice. This uncertainty was reflected in variation in clinical practice in relation to (1) decisions about
patient eligibility; (2) the frequency and nature of follow-up; and (3) thresholds for moving from AM/AS to
radical treatment. Clinicians questioned the value of the AMS given the current lack of data linking the
PSARR to clinical outcomes, and current practice where PSA kinetics are viewed as one of several tools
influencing decisions about ongoing AM/AS. However, some clinicians did recognise the AMS's potential
for reassurance for some men.

Patient interview participants also showed awareness of the uncertainties in the evidence base for PSA
monitoring. Despite this, patients reported feeling at ease and appeared confident with their AM/AS
strategy. Patients trusted clinicians to direct decision-making, including the point at which radical treatment
should be considered. On this basis, patients did not feel the AMS would influence their decision-making,
although they did think that some of the material presented could be helpful.

There is little consensus over eligibility and trigger criteria in AM/AS protocols and no published RCTs
including AM or AS strategies. Observational evidence suggests very low rates of progression to
life-threatening disease, but most cohorts have been highly selective and are still insufficiently mature to
establish this definitively. As there is so little consensus on AM/AS study design, it would be helpful if
investigators specified clear designs of eligibility criteria, monitoring protocol and triggers for clinical
review. If these clear designs are strictly adhered to then results from ongoing studies of AM and AS will
be able to be combined in future to obtain evidence about more effective protocols.

We found the optimal model for PSA allowed the linear trend of log-PSA to change during monitoring at
ages 63 and 68 years. The ProtecT model for PSA change was useful in predicting future PSA in men
undergoing AM/AS in the UK or USA.

There was no clear optimal PSA marker found when testing against PCSM, metastases and reaching a PSA

of 20 ng/ml. Our data have suggested that PSADT and PSARR improved on PSAv. Rigorous testing cannot
be achieved without better outcome data, such as will arrive with the publication of the ProtecT trial.
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Patients and clinicians perceive current AM/AS practices to be framed by uncertainty. These uncertainties
extend from the selection of eligible AM/AS candidates to optimum follow-up protocols and effective
thresholds for moving from AM/AS to clinical review or radical treatment. Patient and clinician uncertainty
surrounding the effectiveness of PSA monitoring generally led to the perception that, although the AMS
could add to clinical knowledge, its current impact on practice was limited until more robust data about
AS become available.
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Chapter 1 Introduction

Aim

Our aims were to develop longitudinal age-related reference ranges that predict how prostate-specific
antigen (PSA) levels change over time and to examine their use in identifying abnormal (cancer-related)
PSA increases in men with clinically localised prostate cancer (PCa).

Objectives

® To use data from four cohorts of men with PCa to investigate whether or not data collected during
diagnosis about the type, quantity and aggressiveness of the cancer (e.g. Gleason score, number of
positive biopsy cores) improve the accuracy of our previously published reference ranges.

® To use data from three cohorts of men with PCa to (1) calibrate the thresholds of the reference ranges
to identify when an increase in PSA might be indicative of progressing cancer; (2) calculate the
sensitivity, specificity and predictive value of the reference ranges to predict clinical cancer progression;
and (3) compare these predictive abilities to those of standard PSA kinetics.

® To develop an easy-to-use instrument based on the reference ranges that would assist in the clinical
management of men with clinically localised PCa who have opted for active monitoring [(AM) regular
PSA tests to monitor the cancer], and to explore the acceptability of various formats and presentations
of the instrument to patients and clinicians.

® To design a randomised controlled trial (RCT) to evaluate the effectiveness of the most acceptable AM
instrument compared with existing AM methods.

Background

Prostate cancer

For men in the UK, PCa accounts for 24% of cancers diagnosed and 14% of cancer mortality;' yet,
currently, its natural history is not fully understood. Autopsy results have shown that approximately half of
men over 50 years of age have some form of PCa.? However, based on data from the USA, there is a
16.5% lifetime chance of being diagnosed with, and a 3% chance of dying from, PCa.>*

Screening for prostate cancer

Prostate cancer is one of the most common newly detected cancers in men worldwide, primarily because
of the increasing use of PSA as a screening test.> PCa screening is, however, a controversial issue in
contemporary health care.® Screening using PSA can detect cancers that are still confined within the
prostate’ when radical prostatectomy or radiotherapy could possibly achieve a cure. However, current tests
cannot differentiate between tumours with biological potential for progression and the majority of
slow-growing tumours, which will not cause clinical disease in a man'’s lifetime. The recent publication of
the results of screening trials in Europe and the USA have further fuelled the controversies in this area,
showing, for example, that 1410 men needed to be screened to find 48 cancers to prevent one cancer death.®

Treatment for clinically localised prostate cancer

Men diagnosed with clinically localised PCa are often treated by either radical prostatectomy (surgery to remove
the prostate) or some form of radiotherapy. Radical treatments can cause serious side effects, particularly
incontinence and impotence.® There is currently a lack of robust evidence about the comparative effectiveness of
treatment for PCa. A recent systematic review'® sought to compare monitoring with radical treatment but found
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no comparative trials. Two randomised trials have evaluated the effectiveness of a passive strategy called watchful
waiting (WW). WW historically involved palliative treatment once symptoms appeared and was aimed at older
men who were not suitable for surgery or radiotherapy. The Prostate cancer Intervention Versus Observation Trial
(PIVOT) recently found no difference between WW and radical prostatectomy for either all-cause mortality or
PCa-specific mortality (PCSM) after at least 10 years of follow-up'" for men with PSA-detected PCa. The
Scandinavian Prostate Cancer Group study number 4 (SPCG4) trial™ found that radical prostatectomy reduced
PCSM compared with WW among men who had been diagnosed clinically (rather than screen detected as in
PIVOT). This trial started recruitment prior to the use of PSA and, consequently, the majority of participants had
clinically detected disease." The Prostate testing for cancer and Treatment (ProtecT) trial is comparing AM with
radical treatment (surgery and radiotherapy) in men with PSA-detected clinically localised PCa, but the long
periods of follow-up required for clinically relevant outcomes to be observed means that it will not report for at
least another 2 years.'*"

Interest in the safety and acceptability of monitoring for clinically localised PCa, which avoids unnecessary
intervention, has grown over the past decade. Although it is accepted that AM protocols involve closer
monitoring than that which is employed in the WW arm of SPCG4, recent systematic reviews have
concluded that there is little evidence or expert consensus over the most effective monitoring protocol.’®'6"®
Serial measures of PSA level are used consistently, but various aspects of PSA kinetics are used to trigger
further clinical review, including PSA doubling time [(PSADT) length of time for PSA to double] and PSA
velocity [(PSAv) rate of PSA change per year]. Hence, there is increasing interest in using PSA levels to monitor
men with low-risk clinically localised tumours and in using strategies that would indicate when further

clinical review and radical treatment would be appropriate and when men could remain monitored

without intervention.™

Active monitoring and active surveillance (AS) have developed as management strategies for men with
clinically localised PCa to avoid overtreatment of low-risk disease.? AS involves regular follow-up by PSA
testing, digital rectal examination (DRE), review of symptoms and scheduled repeat biopsy, whereas AM
only uses a rebiopsy in the presence of changing PSA or DRE findings, because a rising PSA can be
indicative of worsening PCa. Under an AM protocol, men with stable PSA remain on monitoring, whereas
those with rapidly rising PSA are recommended for clinical review. At clinical review, a biopsy of the
prostate can be performed and, depending on the specific protocol, a patient may be recommended for or
suggested to consider radical intervention (e.g. radiotherapy or prostatectomy) or continuation on AM. The
key tenet of AM/AS is to balance the risk of harm of intervention in men with non-lethal cancer, with the
risk of not intervening where cancer is progressing. A previous systematic review'® based on five AM/AS
cohorts®®?* found little consensus on the eligibility criteria, optimum protocol for monitoring, the trigger(s)
for radical intervention or the role of PSA kinetics in monitoring.’® Two more recent systematic reviews'"”
again found no consensus on eligibility criteria for AM/AS or the AM/AS regimens used.

In order to use PSA in AM/AS, a model for normal PSA levels is needed as a comparator for observed

PSA levels in men on AM/AS. PSADT, PSAv and absolute level of PSA are commonly used measures for
monitoring a man’s PSA level.”® There is little consensus on which of these to use or what threshold
should be employed for each measure. There remains an absence of clinical or statistical evidence for their
use in AM, and retrospective analyses have found very little association with clinical outcomes, such as
metastases or PCSM.'825°2 Furthermore, there are concerns about the various methods of calculation

of PSADT?*%° and PSAv,'* as well as a great deal of variation and uncertainty about how many PSA
values should be used for calculation.?®* PSA levels increase naturally with age, so a method is needed to
indicate when increases in PSA are beyond normal age-related change to avoid reviews being triggered
when they are not necessary.
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Modelling prostate-specific antigen change with age

Modelling PSA in AM/AS has received little attention in the literature,®*7¢ despite the fact that repeated
measures of PSA from a cohort of men represent a wealth of information about the behaviour of PSA. An
accurate model for PSA change would allow men to observe where they lie in comparison to the general
trend of PSA in similar men and whether or not any increase in their PSA is consistent with normal
age-related change. Multilevel models®*® allow such data to be fully exploited by modelling the variation
in PSA between men in an AM cohort, as well as the variation in PSA within each individual during
follow-up. We have previously used multilevel models to model PSA change with age in men without
cancer and compared this with men with screen-detected and clinically presenting cancer.® Limitations of
this previous work include the use of only two cohorts of men with cancer and the derivation of the model
on cancer-free men which meant that potential explanatory variables such as Gleason score, or age at
diagnosis, were not included in the model. Initial examination of the comparison of observed PSA to that
predicted for a cancer-free man of the same age indicated that this model might result in fewer alerts for
clinical review.* However, clinical outcomes were not available for comparison. In order to study the effect
of PSA change on clinical outcomes, it may be necessary to combine AM/AS cohorts, because very few
deaths or cases of metastases have been reported at this stage.’®'®"’

Qualitative research in active monitoring/active surveillance

Qualitative methodology has not been widely applied in AM/AS research. Few studies have considered
patients’ and clinicians’ views and experiences of AM/AS in depth, and the published literature largely
refers to protocols that more closely follow AS than AM.

A considerable proportion of the qualitative literature relating to AM/AS considers men'’s treatment
decision-making. Qualitative evidence largely places clinician recommendations and communication as
principal drivers for patients’ decisions to opt for or against AM/AS. This has tended to be framed in the
literature as patients deferring the decision-making process to the clinician,**™ or justifying their decision
to opt for AM/AS in light of clinicians’ recommendations.®*4"** Similar decision-making tendencies are seen
in earlier studies of localised PCa management that do not make specific reference to AM/AS.*** Of these
studies, one suggests that passing on the decision-making power to the clinician can be an active choice
on the man’s part.** Qualitative interviews also suggest that men come to the decision to choose AM/AS
by reading cues from their clinicians (e.g. descriptive terminology of the low-risk status of the cancer).3#'

The qualitative findings provide insight into how clinicians may shape the decision-making process, but do not
represent the prevalence of treatment decision-making preferences. A review of the literature found that men
prefer to be actively involved in the treatment decision-making process.*® Despite this, there is a substantial
body of evidence that suggests that men’s values and preferences are not reflected in the final treatment
choices made.*” A systematic review of treatment decision-making concluded that men'’s treatment choices
tend to be reflective of information they receive, rather than their underlying values and preferences.*®

Only one qualitative study has considered AM/AS men'’s information needs, focusing broadly on psychosocial
and educational needs. The single focus group study found that men had poor knowledge of their disease
and tended to turn to the internet as their main source of information.* A number of studies have designed
decision-support interventions to increase men’s involvement in, and satisfaction with, decision-making in
relation to treatment of PCa through increasing knowledge and education. Successful interventions have
included providing audio-recordings of consultations, presenting individualised information to men and their
partners,®®*" and providing counselling via nurses.>

A handful of qualitative studies have sought to explore men'’s experiences of being on AM/AS. These have
tended to focus on psychosocial issues, particularly issues of uncertainty. Two qualitative interview-based
studies in Sweden and Canada report uncertainty as a major theme to emerge from interviews with

men on AM/AS.>*** Men talked about uncertainty across a number of domains, including disease
progression, prognosis, symptom interpretation and morbidity associated with potential imminent treatment.
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However, there was a suggestion that uncertainty was temporal, peaking at times of PSA testing or rebiopsy.
Receipt of reassuring test results enabled men to ‘continue with their normal lives'. The study by Oliffe et a/.*®
also reported that men’s strategies for coping with uncertainty included attempting to ‘live a normal life’ and
to do all they can to assert control over their bodies (i.e. through lifestyle and diet changes, and use of
complementary/alternative therapies).

Some qualitative studies have intentionally focused on the issue of uncertainty in AS, rather than identified
this as a key theme through grounded theory approaches.>® A study by Bailey et al. analysed men'’s accounts
of being on AM/AS through the lens of a pre-existing theoretical model of uncertainty.>® The authors
identified uncertainty surrounding cancer progression and the questioning of whether or not one had made
the ‘right choice’ as major themes to emerge from interviews. Linked with the uncertainty related to cancer
progression was men’s perceptions of how PSA monitoring was not a fail-safe indicator of disease status.*

The issue of uncertainty has also been identified as a key issue through survey-based research. A survey
asked men to provide open responses to a question that asked about the key advantages and disadvantages
of being on AM/AS (n = 103).*® One-third of men reported the risk of disease progression being a key
disadvantage, one-quarter made non-specific reference to ‘uncertainty’ and ‘distress’ and 10% talked about
the bothersome nature of regular follow-up.

Although research focusing on men’s experience of AM/AS is limited, qualitative studies on decision-making
have made some reference to men’'s AM/AS experiences. Davison et al. reported that men felt able to ‘live

a normal life’, although the authors also emphasise patients’ reported relaxed mentality.?® A systematic
review of psychological effects of AM/AS concluded that men could experience anxiety in response to the
prospect of ‘no intervention’, uncertainty and lack of patient education/support. The authors suggest that
these concerns are likely to be particularly relevant to men on AM/AS.>” Overall, the literature on measures of
anxiety/psychological distress and/or health-related quality of life suggests there are no significant negative
outcomes associated with following an AM/AS programme,*®®* although this can depend on other factors
(e.g. personality type, how men conceptualise the role of the clinician, marital status).>®®* However, it has also
been reported that PSA testing and rebiopsies can raise anxiety levels in men on AM/AS, usually temporarily.®®
Furthermore, comparisons of psychological distress/health-related quality of life in men on AM/AS compared
with men who undergo radical treatments is somewhat mixed.>°6%6557

To our knowledge, there has been no qualitative research that seeks to understand patients’ and/or
clinicians” experiences of AM/AS protocols. More generally, men’s understanding of and views surrounding
AMY/AS protocols, including thresholds for moving off AM/AS, have not yet been reported. Furthermore,
although guidance on AS protocols has been produced by authoritative bodies [e.g. the National Institute
for Health and Care Excellence (NICE), the British Association of Urological Surgeons, the European
Association of Urology], AM/AS protocols adopted by clinicians have not yet been explored in practice.

The recently published 2014 NICE guidelines®® suggest that men with low-risk localised PCa should be
offered AS, which acknowledges that many men would not benefit from radical treatment. NICE
recommends a protocol for the management of men on AS, including frequency of PSA testing, DRE
and rebiopsy. NICE also suggests that AS could be offered to men with intermediate-risk localised PCa
if these men do not wish to undergo immediate radical treatment. There is only a little information
about treatments, including AS, as part of the NHS Prostate Cancer Risk Management Programme
(see www.cancerscreening.nhs.uk/prostate/fag17.html).
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Overview of this report

In Chapter 2 we present a systematic review of AM/AS, which includes a summary of the included studies
along with a meta-analysis into the factors affecting management change from AM/AS to radical
treatment. A model for PSA change is developed in Chapter 3, using data from men following AM as part
of the ProtecT trial. This model for PSA change is then validated in four external cohorts in Chapter 4 and
used to derive 95% reference ranges for PSA with age. Chapter 5 compares the PSA reference range
(PSARR) method against PSADT and PSAv in predicting several PCa outcomes in three external cohorts.
Chapters 6 and 7 summarise the qualitative interviews conducted with clinicians and patients about AM/AS
and the active monitoring system (AMS). Chapter 8 discusses several potential RCTs and summarises the
issues surrounding any RCT of AM/AS strategies. Chapter 9 contains recommendations for future researchers
and health-care professionals in the area.
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Chapter 2 Systematic review of active monitoring
for prostate cancer

Aim

The aims of this stage of the project were to identify how AM/AS is carried out in ongoing studies
worldwide and to assess whether or not any study protocols (such as eligibility) appeared to be beneficial
for PCa outcomes. We also wished to investigate the PSA monitoring procedures used in modern AM
studies, in order to compare these to PSARRs.

Search strategy

We conducted a systematic search of the online databases MEDLINE, EMBASE and Web of Science for
articles/abstracts published between October 2004 (the end date of the previous systematic review by
Martin et al.'®) and April 2013. Reference lists of included articles and recent reviews were searched by
hand for additional citations. A forward citation search of the five studies?®?* included by Martin et al.*®
was also performed using the Web of Science database. Where potentially relevant conference abstracts
only were available, authors were contacted to enquire about full publications of their work or to elicit
further details of their AM/AS programme.

Inclusion criteria

Studies involving men with T1-T2 localised PCa, which was initially managed conservatively, were included
if pre-defined clinical, pathological or biochemical criteria for clinical review were outlined. Studies involving
recurrence after radical prostatectomy or radiotherapy (i.e. not initially managed conservatively) or
non-clinical studies were excluded. We excluded any conference abstracts, non-systematic reviews, editorial
comments, background papers or studies involving different treatments or diseases of the prostate. Where
several papers reporting on the same cohort of men were found, the latest full analysis of the study was
included. Title and abstract screening was undertaken independently by AJS, CM, KT and RMM. Each full
paper was screened by AJS and independently by one of CM, KT and RMM.

Data extraction

Eligibility criteria, monitoring protocols, sample size, age, PSA, follow-up times, management change triggers,
management change rates, metastases, PCSM and reasons for changing treatment were extracted
manually from each paper by AJS and checked by one of CM, KT or RMM. Authors of publications found
in our search were contacted to provide information where specific values were not given in a publication
and to check that data extraction was correct. Management change rates are considered here as key
short-term outcome measures for AS, whereas occurrences of metastases or PCa death are considered to
be longer-term outcomes.

Data synthesis

Person-years per study were estimated as the median follow-up time multiplied by the sample size for each
study; total person-years were the sum of these across included studies. A metaregression was conducted
to investigate whether or not elements of study design were associated with the rate of management
change per person-years. This rate was calculated for each study as:

radical treatment events
sample size x median follow-up time
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Heterogeneity between studies was measured using the 2 statistic;*® the higher the 2 value, the more
between-study heterogeneity is present. The covariates for the metaregression were (1) year of first
recruitment; (2) whether or not a Gleason score of 3 + 3 or less was used for eligibility; (3) whether or not
a PSA level of 10 ng/ml or less was used for eligibility; (4) the number of PSA tests in the first 3 years;

(5) whether or not mandatory rebiopsy was specified in the protocol; and (6) whether or not PSA or PSA
kinetic measures, such as PSADT or PSAv, were used to recommend clinical review or radical treatment.
Together with univariable analysis, two multivariable metaregressions were performed grouping eligibility
variables (1)—(3) and monitoring procedure variables (4)-(6). Average variable effects on management rate
are presented alongside 95% confidence intervals (Cls).

Meta-analysis was performed in Stata 127° (StataCorp LP, College Station, TX, USA) to combine the effects
of prognostic factors for management change. Factors were combined if they appeared in more than two
studies that reported estimates of the association with change to radical treatment. Where applicable, a
sensitivity analysis was used to check if the pooled combination of odds ratios and hazard ratios (HRs) led
to different results from just pooled HRs or pooled odds ratios. We also used meta-analysis to study the
reasons for management changes. Reasons for changing to radical treatment were given within studies
and the proportions of each reason were combined to get an overall average estimate.

Bias in reporting

Publication bias could be an issue in our review, as we examined only abstracts published in English.
However, we would expect that studies showing that AM/AS was not a safe option would be more likely
to be published in English-language journals, and, therefore, if anything, this systematic review will
overestimate the number of adverse events.

Results

Authors of potentially relevant conference abstracts were contacted to provide full papers if available,
although we identified no publications by this route. We found 157 potentially eligible studies for
full-paper screening, of which 38 papers met the inclusion criteria, reporting on 19 unigue cohorts of men
on AS (Figure 1).778 Two of these were updates of the five studies from the previous review by Martin

et al."® Updated cohort information was volunteered by one author.”® We also included the three papers?'23
without update from the previous review, leading to 22 cohorts and 7111 men. The median age at entry
ranged from 64 years to 70.5 years, with the youngest participant being 36 years® and the oldest being

97 years.” The median follow-up time between the cohorts was 3.7 years. Four studies had < 2 years’ median
follow-up?*77#88 and seven studies had > 5 years,?"’"7379808 yp to a maximum of 7.5 years.”’
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n=6219 hits from MEDLINE, EMBASE,
Web of Science and forward citation
search

}[ n=2445 duplicate citations removed ]

v

n=3774 unique hits, titles and abstracts
reviewed by AJS, KT, CM and RMM

n=1074 cell-based or non-human
n=1535 treatment or disease different

|,
¥| n=62 statistical analysis methodology papers
\ 4 n =946 review/comment/background article
n=157 potentially relevant studies as ) ’
identified by AJS, KT, CM and RMM in p N
duplicate. Full papers reviewed by AJS n=24 no progression as outcome

n=15 review/comment/background article
o | =10 different treatment or disease

"I n=10 no surveillance/retro database

v n=55 conference abstracts

n=>5 prior to 2004

\ J

n =38 AS studies for localised PCa,
with pre-defined progression criteria

[ n=19 AS cohort main publications ] [ n=19 papers superseded by updates ]

FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart of the
screening process.

Eligibility criteria

Table 1 contains a summary of eligibility criteria, monitoring protocol and baseline characteristics. A
combined Gleason score of 6 (3 + 3) or lower was required for entry into 12 of the 22 studies.”"727477-7982-8487-89
A further five cohorts broadened this criterion to include a Gleason score of 7 (3 + 4),7>7681858 gnd two
allowed up to a Gleason sum of 7,2% leaving three cohorts without an explicitly specified Gleason entry
requirement.?'?*”3 Additional pathology findings were used with some degree of consistency across the
studies. Five studies allowed only those men with < 50% cancer in any single core into the study,””7# % with
one study allowing only 20% involvement in any single core.” The number of positive cores allowed varied
between an absolute number or a proportion; two studies required no more than half of the biopsy cores to be
positive,®# whereas seven allowed two or fewer positive cores,’*7882784868 and one study raised this to allow
those men with three positive cores to enter.”’

Clinical tumour stage (T-stage) was used in 17 cohorts with thresholds of T2 (six cohorts’>7680818389) ‘774
(five cohorts’*7785878%) ‘T1c (three cohorts?*#2#%), T1b’® and T1a (two cohorts*'”"). There was no consensus
among the 15 cohorts that used a PSA threshold for entry, with seven cohorts permitting men with PSA
<10 ng/ml,’#77-798687.89 three cohorts allowing PSA < 15 ng/ml”>#>88 and three cohorts allowing PSA

<20 ng/ml.”*8%8¢ Two further studies used PSA density (PSAD) as an eligibility criterion, with limits of PSAD
< 0.15ng/ml/cc® and PSAD < 0.2 ng/ml/cc.® Seven studies did not explicitly use PSA for eligibility,?'-2371773:83
although six of these involved men diagnosed between 1983 and 1991223773 (i.e. in the pre- and
early-PSA-screening era). Age restrictions were used in just four studies.”47°8488
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Surveillance or monitoring protocol

Serial PSA measurement as a measure for surveillance or monitoring during follow-up was common to all
studies, but the frequency of measurement was not consistent. Eleven studies maintained PSA testing
every 3-6 months throughout;?'7"727>7780-838.88 aight reduced the frequency of PSA testing after men had
been on surveillance beyond 1 or 2 years.?#?373767884858 Fraquent testing occurred in the Kagawa and
modern Royal Marsden Hospital (RMH) studies, with men scheduled for 2284 and 18% PSA tests,
respectively, in the first 3 years.

Digital rectal examination was regularly performed in all but five’>798488 of the studies, with inconsistency
of frequency between the study protocols. In the 17 studies with both DRE and PSA testing, 14 assessed
both at the same frequency, whereas the other three had DRE less often than PSA tests.’#88

Repeat biopsy testing was used by 19 studies, with 16 having a scheduled biopsy within 2 years of
beginning surveillance.?27477-7981°8 Biopsies were repeated at least every 2 years in nine studies.”?7881-8587.88
Three studies undertook repeat biopsy only where worsening PSA or DRE results were evident or at the
request of the patient or clinician.?’”*® Three studies did not include routine rebiopsy or rebiopsy as a
result of worsening DRE or PSA 237376

Triggers for clinical review or radical treatment

Triggers for recommending clinical review and radical treatment are summarised in Table 2. Almost all
studies used histological findings such as an increase in Gleason score (18 cohorts?>7"74778%) ‘number of
positive cores or percentage of cancer on a single core (15 cohorts??7177477-7982-868889) 14 recommend radical
treatment. Less commonly, T-stage (six cohorts’’798082848%) and PSA (13 cohorts?!237677.79-8284-8689) \yare
used as triggers to recommend rebiopsy or radical treatment. In four studies, a threshold of PSADT was
used, with this being 2 years in two of those studies®#* and 3 years in the other two studies.”®® In one
study, radical treatment was offered to men with a PSA velocity > 1ng/ml/year,®> while in another such
men were rebiopsied.”’ In two studies, a combination of PSA kinetics with other factors such as DRE and
rebiopsy findings was used to recommend radical intervention.?*#’

Radical treatment rates

In 17 studies, up to 33% of men received radical treatment after a median of 3.6 years.?:2371776.7879828385°89
In one of these studies, all 16 men remained on monitoring after 7.5 years, having started with very
low-risk T1a disease.”’ The University of California, San Francisco intermediate-risk group radically treated
35% of men after 3.9 years;?®' the early Memorial Sloan Kettering study radically treated 35% of men

after 3.7 years;? and the later Memorial Sloan Kettering cohort changed the treatment of 36% of men.”
In Gothenburg, 37% of men received radical treatment after a median follow-up of 6 years.®’ The highest
proportion of men who changed from AS to radical treatment was in Kagawa, with 47% leaving
surveillance for radical treatment by 4.5 years of follow-up.®

Study factors associated with the rate of management change

Total person-years were estimated to be 22,545 in the 22 cohorts. The average rate of change of
management (found through metaregression) was 84 (95% Cl 61 to 106) per 1000 person-years. In the
context of the follow-up found here (i.e. roughly 4 years), we estimate that 84 out of 250 men on
monitoring would receive radical treatment during four years of follow-up (Figure 2). There was evidence
(P=96%; p <0.0005) that the rate of change differed substantially between cohorts. The minimum rate
of change was 11 per 1000 person-years*' and the maximum was 218 per 1000 person-years.®

The rate of management change was greater in studies with recruitment periods that started in more
recent years; for each calendar year increase in start date, an extra four men changed treatment

per 1000 person-years (95% Cl 1 to 7 treatment changes per 1000 person-years; p =0.014). Admitting
men with higher Gleason scores was associated with an average decrease of 50 treatment changes per
1000 person-years (95% Cl 9 to 88 treatment changes per 1000 person-years; p =0.025), compared with
studies with eligibility criteria including Gleason score of < 6. Studies that had a mandatory scheduled

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Simpkin et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

15



SYSTEMATIC REVIEW OF ACTIVE MONITORING FOR PROSTATE CANCER

paiyads 10N

92104 jusned om]

S210D
anmsod € < 7z

°2J0DS uoses|H oAl

3102/I30Ued
%05 <€l

qzl<
syuaned aulN

painads 10N

dIoYd
1uaned usAds

SNOIXue alaM pue
OM] PaIJO1S UlAIS

sjuiod aJow
Jo3aiyrpey /|

VSd 40
UONeAS|D pue
s3YQ [ewiouge
pey Inoy |1y

juswiealy
Buibueyd
10} suoseay

sieak QL 18 %Ly
‘'sieak g 1e 9,89
‘'siedk z 1e %18

"1esk | 1P %¢€6

Apqeqoad aaay
-juswieal]

1eak G 1e oG/

Asdoiq 111}
anysod

sIeak G 18 9% 05
‘dnoib Asdoiq
1541} aAiebau 1oy
SIeak G 18 9,78

sieak 01 18 %95
‘'siedk g 1e 9% /9
'siedk z 1e 94,88

"1eak | 1P %56

eqoad s3uy
-uoissaiboid

(L'g ueaw) |z

8l

(L°€) 5T

(s1eah ‘swny
uejpaw)
AjdaAndalqo

,passaiboud,
abejuadiad

6l

(€)al

(€°2) s€

(g2 8

(s1eak ‘swn
uelpaw) Juswijean
|edipes 0} buibueyd

abejuadniad

S3IPN3S PAPN|DUI ZZ dY3 104 S}NSAJ pue suoiuyap abueyd Juswabeue z 3791

1usuiieal) 01

pes| ued apelbdn aisym

Asdoigas 01 spes| auljaseq

'S wol} vsd Jo buiignoq

qzL<

‘810D/192UBD %G < !SI0

anysod 7 < ‘wisned 7 Jo 2100

(L'¥l—£'1) €9  uoses|n jueulwopaid :4o Auy
JusWieaJ} 0} pea| ued apelbdn
alaym Asdoigai 01 speg)

§'L  Jeskjw/bu | < AYSd 10 ¥ < VSd

sbuipuiy Asdoiq ‘sbuiputy
SNYL/3YA "1edk/jw/bu g/ 0 <
AYSd '95B3.0Ul 3101S UOSP3|D
Buipnpul Wa1sAs wouy

(S€1-90) L€ Buiwod syuiod 10w Jo Iy
VSd JO UoneAd|d
(51-5°0) £/  anissaibold 1o FYq [PuLIOUqY

(2bueu) sieak
dn-mojjo}
UelpaiN

el abueyd
juswabeuew pue mainal
|es1ulpd 10y 126611

¢, 2ueld
‘Sled ‘|eydsoH uiy>0>

,,epeued
D0 ‘[eanuoln
‘Rusisnun (IO

,,ureds ‘ezobelez
19035 [oNBIN
oueyIsIaAIUN [endsoH

VSN

‘AN “JIOA MON “I91UdD)
IE V=R WVIENEN
UeO|S [eLIOWSIA

uemie|
‘AuD bunydie]
‘|leyndsoH |esauan
sueJala bunydie]

bumas

16

NIHR Journals Library www.journalslibrary.nihr.ac.uk



HEALTH SERVICES AND DELIVERY RESEARCH 2015 VOL. 3 NO. 30

DOI: 10.3310/hsdr03300

psnunuod

9d10yd juaned gz

(Slopey asay) JO a1y
JO OM] ey UsW BA)

%05 <
3102/INOWINY OM |

abeis-| auQ

€ < S910
9AI1ISOd UDASS

L< 0
21025 UOSE3|D) £7

0l < VSd ve

210yd Juaned om]

asll vsd Jo
31eJ UO paseq auIN

paidads 10N

$9SLRIDUI /Sd BAI4

painads 10N

juswieal)
buibueyd
10} suoseay

(983 01
6'€9 1D %S6)
siesh g 1e 7'6/

siesh L 18 % LE

'siedh g 1e 9 €9
‘'sieahk 9 1e 9,99
‘'siedh ¢ 1e 98/
'siedk z 1e 9,98

Jedh g 1e ot/

eqoud 2.y
-juswieal]

sieak G 18 9,09
'siedk 7 1e 9,08

J1eak | 1e 9%,08

eqoud 2.y
oissaiboud

9¢

(Lt

paiynads JoN

€€

pa1ynads JoN

(s1eak ‘awn
ueipaw)
Ajaamalqo
,passaiboud,
abejuadiad

9€

vl

(50 6T

()6l

(CYAraR x4

(s1eak ‘awn
uejpaw) Juswieas}
|edipeu 0} buibueyd

abejuadiad

SIBRA G2 9% ||
‘paieasun 1oy g'|

(L'6-10)S€

Ve

(1'5-5'0) 6'L UBSIN

wi-1v
(ebuei) sieak
dn-moj|o}
uelpsain

(pzL<

'9102/IN0WNY %06 < ‘S210D
anNsod € < ‘7 < JO 3103S
uoses|n ‘0l < VSd 4o Aue )
e Apnis 19aw Jsbuo| oN

uepIuI pue
1uaied Ag uoisap aAnalgns
'asealdUl 'S4 4O D184 Jo Auy

3DIApe UeDIUIP
Jo/pue aisap 1udned

|w/Bu g JO aseanul [e10} YHm
S3SEAIUI Y/Sd DAIINDBSUOD
991y} JO IYQ |ewIoUqY

159nbal 1uaned 3yqa

Ul abueypd ‘swordwAs Aeuun
4O 195U0 52102 aAIsod

4O J9QUINU Ul dsealdul '2100s
uoses|H Ul asea.dul :jo Auy

ela) sbueyd
jJuswsbeuew pue Mmainai
|es1ulpd 10y 1266111

VSN

‘AN “JIOA MON “I81ua)

JdUe) bulLnNdY
ueo|S |eoWsIA

o IN "UOpUO]
‘I1snJ] uonepuno4
SHN uapsieN |ehoy

¢,SPUElIBYISN

3y} ‘WepJanoy ‘DdsH3
VSN "DN “|IIH [2deyd

|adey> 1e euijoied
YHON }o ANsianiun

»VSN 1D
‘uolbulwie ‘I91Uad
y1jesH 1nd1dsuuo)

Jo Ausianiun

bunmas

17

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Simpkin et al. under the terms of a commissioning contract issued by the Secretary of State for
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be



SYSTEMATIC REVIEW OF ACTIVE MONITORING FOR PROSTATE CANCER

umouun 1ybi3
2101 juaned |

uoIdNIISqo
[BAYIDIN OM |

3WN|OA Jn04
abe1s-| XIS

asealdul
uosea|n 9¢

sieak € >
1avsd siuaned g9

adloYd
1uaned 1yb13

uoses|n
pue awnjoA
Jnown} y1oq 8z

(2100

/l9oued abejuadniad
10 $310D "oU "3l
SWIN|OA JINOWN} 7

uoses|n G|

juswieasy
Buibueyd
10} suoseay

sieask 01 18 %79
'siedh g 1e o7/
‘s1edh 7 18 %18 - o€

Sieak G 18 9%/°G8 - 44

Apqeqoud aaay
-juswieal]

Apqeqoud aaay
oissaiboud

(s1eah ‘awn
ueipaw)
Ajaamalqo
assaiboid
abejuadiad

0€

9C

(s1edh ‘awn
uelpaw) juswiean
|edipeu 0} buibueyd

abejuaniad

(panuipuo) saipnis papn|pul gz 9y} JoJ S} NsaJ pue suolluyap abueyd yuswabeuey z 379V.L

uoissalboud

|ea1ulp Jo Asdoigal

uo apelbdn edibojoisiy

8'9 'sieak € > 1avsd 40 Auy

DI0Yd

|BUOSISd JO 310D/430UBD 4O

abejuadiad ul asealnul ‘seod

anIlsod JO Jaquunu Ul aseaudul

(€L1-1) €€ 'L <40 2I0ds uoses|D o Auy
(ebuel) sieak
dn-mojjo}
uelpsain

enad abueyd
juswabeuew pue mainal
|ea1ulpd 10y 1966111

,BPRUBD 'NO ‘O1U0i0]
‘01U010] 4O AYSIBAIUN

¢, VSN 14 's°|qeo [esod
‘IWeIA Jo ANsianun

bumas

18

NIHR Journals Library www.journalslibrary.nihr.ac.uk



HEALTH SERVICES AND DELIVERY RESEARCH 2015 VOL. 3 NO. 30

DOI: 10.3310/hsdr03300

psnunuod

ao10yd usned /9

uosea|H) 901

1USWIA|OAUI
Inowny

10 $9402 anIsod
JO J3quInu g

syo ||

|es1bojoyied
J3Y10 dUIN

VSd Uo 8¢

1dvsd uo /|

Asdoiq 1eadsi
UO PalIsse|dal £/

swordwiAs
J3Y10 Ino4

AlaI1xue Jno4
VSd S
abe1s-] Uanag

uosea|n //

jean
Buibueyd
10} suoseay

sieshk Q| 18 % L1
'siedh G 1e %65
‘'siedhk z1e %18

siesk L 18 %L L€
‘s1eak 01 18 %t Sh
‘s1edh G 18 %419

'siedhk z 1e 99/

Apqeqoud aaay
-juawieal]

3SU
91eIpPaULISIUI O}
sieak 718 9% 19

3SU MOJ IO}
SIeak 17 18 9% 1S

Apqeqoud aaay
uolssaiboid

144

6€&

paiynads 10N

(s1eah ‘awn
ueipaw)
Aj@aAndalqo
,passaiboud,
abejuadiad

(T €¢g

(#) Asu
S1LIPAUWLIBIUI JO %GE

() IS4 MOJ JO %0€E

LE

(s1edh ‘swn
uelpaw) jusauneany
|edipes 0} buibueyd

abejuadiad

(S1-100) ¢

(Tal-1) 6

(1'S1-80°0) 9
(ebuei) sieak
dn-mojjo}
uelpaiN

9J02/INowIN}

%0G < 's2102 aalisod 7 <
'/ < JO 3102S UOSea|D
22/|W/51°0 % AVSd 40 Auy

SSIMIBUIO 7+ €
01 Jo + ¢ Apeasje Ji
€ +1 < JO 8100S Uoses|n

‘sieak 7> 1avSd 01 apelbdn

uoIssalboud 9103s UOSe3|D
10 9be3s "ySd paysi|qels3

en9yd abueyd
juswabeuew pue MaIADA
|ea1ulpd 104 1236611

VSN ‘AN ‘aiownjeg

'RUSIBAIUN HP

2VSN VD ‘03suel
ues ‘odsiduelq ues

‘eluIol|eD) Jo ANsiaaun

0gUaPIMS
‘64NquUaYI0D ‘DdSYI

bunieg

19

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Simpkin et al. under the terms of a commissioning contract issued by the Secretary of State for
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be



SYSTEMATIC REVIEW OF ACTIVE MONITORING FOR PROSTATE CANCER

ioyd usned of

AVSd
pue |edibojoisiy
yioq ¢

QU0 AYSd 99

auoe
[eaibojoisiy g1

UMOUSUN UDASS
Sa1MpIgIoWOod ybig
221041 juanied g

abueyd
Abojoyied 9|

abueyd
abeis-| auQ

sieahk 7>
1avsd L1

2100s
uosea|o) + $a10d
JO Jagquinu Xis

uoses|n ||

$310D
JO Jaquinu g1

juswiealy
buibueyd
10} suoseay

(%S 01 %S9
12 %S6) siedk g
1® %0/ (%76
01 %98 1D %S6)
sieak 7z 18 %68 -

sieak € 18 %61 -

sieak G 18 %G1
'siedk 7 18 %65
‘'siedhk € 1e o7/
'siedhk z 1e 978
- "1esk | 18 %56

eqoad 231} Ay
-juswieal]

eqoud 2.y
-uoissaibo.d

44

6¢

LT

(s1eak ‘awn
ueipaw)
Ajaamalqo
,passaiboud,
abejuadiad

Q) Le

Ly

Lz

(saeak ‘awn
ue|paw) juswilean
|edipeu 0} buibueyd

abejuadiad

210d/IN0WIN} %05 <
‘€41 < JO 2I0DS UOSEs|D
YA "1eak/|w/bu | < AYSd Jo Auy

Asdoigal uo
spelbdn |eaibojoyied
S losieak > 1avsd

910d/Inowin}
%05 < 's2102 aAlIsod € <
' £ <40 810Ds uoses|n 340 Auy

(ebuei) sieak
dn-moj|o}
uelpain

euay abueyd
juswabeuew pue Mainal
|es1ulpd 104 1966111

N ‘'Uopuo]
‘IsnJ] uonepuno4

SHN uapsie|n [ehoy

L,gP3seq ueder ‘emebey

‘leuonmnsul-nINN

VSN 'VIA '8bpuquied

‘AIsIaAIUN plenleH

bumas

(panuauod) saIPNIS PAPN[dUI ZZ Y3 104 SHNSAJ pue suoluldp dbueyd Juawabeuel z 379V

20

NIHR Journals Library www.journalslibrary.nihr.ac.uk



HEALTH SERVICES AND DELIVERY RESEARCH 2015 VOL. 3 NO. 30

DOI: 10.3310/hsdr03300

|B1D2ISURY ‘SNYL ‘DDUBJ[IDAINS SAIDY :[BUOIRUISIU| UDIBaSaY 19dUeD) 91RISOld ‘SN 2buel sjiienbiaiul *

‘Asdoiqg S1ejdwsy [esulsdsuely ‘gl | ‘UBDS punosesyn

YOI 4adueD 91815014 10} Bulusa.IdS Jo Apnis paziwopuey ueadoing ‘Ddsy3

13y g6 haue /1

1avsd 4o Asdoiq
uo syuaned /8¢

ai0yd uaned |
JusWeal}

3s0yd g1 | uo
payissedal /¢

3102 JO
13guinu suQ

9102/130Ued
Jo abejusdiad suQ

910DS UOSe3|D
pasealnul XIS

22101 Juaned Q|

93104 1usned auQ

Asdoiq yeadal
UO PaIYISsedal 97

jusuieasy
Buibueyd
10} suoseay

sieak 7 18 9,89
'sieak z1e %/ /

(%€6 0}
%8L 1D %G6)
sieak €18 9% /8

sieak Q| 18 %Sy
'siedh g 1e 979

Apqeqoud aaay
-juawieal]

(%16 0}
%G8 1D %56)
sieak € 18 9% €6

eqoad 23}
-uoissaiboid

9l

€€

6€

Ll

(s1eah ‘awn
uejpaw)
AjdaAndalqo
,passaiboud,
abejuadiad

(X4

€e

81l

¥l

(s1eah ‘swn
uelpaw) Judwieal)
|edipes 0} buibueyd

abejuadniad

(87-0'L ¥O) 9L

(€z-1) sl

(GL7€~L"1 HOI)
GLT

(6,70 VT
(ebuei) sieak
dn-mojjo}
uelpal

Z1 < 3bess ‘sa10d aanisod
7 < '/ < JO 3J0ODS UOSe’3|D
‘sieah € > | QvSd 40 Auy

210D | Ul Jnown} ww Q| <
's9102 aAIsod 9,06 <
‘2100S UOSEI|D) Ul dsealdul
g11 uo apesbdn :jo Auy

Quoje
VSd J9ASU !210DS UoSes|nH)
‘Auenb Jadued 3¥Q ‘sonsuy
VSd ‘VSd 40 uoheuiquiod e
10 / 2 JO 91025 UOSE3|D Jayi]

9SBa.DUI 210D/130URD
ww Jo 3J03s uoses|n Aue
‘Asdoigai 01 spes| £ > 1aVSd

en9yd abueyd
juswsbeuew pue Mainai
|es1ulpd 10y 126611

csSPUBIAUIEN

aY} ‘paseq WepIanoy

‘(leuoneussiu)) SYIdd

sl A9l
‘lendsoH ed Asjwii4

(VSN DD pueRAs|d

ogBl[BJISNY ‘BuinogieN

‘U1|esH ulayinos
GIITETS

21

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Simpkin et al. under the terms of a commissioning contract issued by the Secretary of State for
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be



SYSTEMATIC REVIEW OF ACTIVE MONITORING FOR PROSTATE CANCER

"euljoJed YLION 4O ALSISAIUN DN {22UE[|ISAING DAY [RUOIIRUIDLIU| UYDIeasay Jadued) 91e1S0ld ‘SYIHd 9oued 21815044 o) Buluaaids Jo
Apn1s paziwopuey ueadoiny ‘Ddsy3 JuswiNIdRJ Buluuibaq Jo Jeak Aq papos ‘sieak-uosiad Jad Juswieasy |ediped o3 buibueyd usaw o uoipiodoud ay3 4o 10|d 3152404 7 FHNOIS

(s4edA) uosiad iad sebueyd
€0 0 1’0
| | |

00

63(9002) pue||OH ‘wepian0y ‘(Jeuoiyeulslu]) SY|dd
88(9002) YN ‘|eddsoH ied A3|wiid

(8(¥00T) VSN 1UlD pueans|d

98(£007) el|RJ1SNY ‘BUINOQ|SIA ‘Y1|BSH UISYINOS
8(2002) N “IsnJL uonepunog SHN uapsiely [ekoy
y8(200¢) ueder ‘Ayisianiun emebe

£8(0002) VSN ‘Axis1antun paenieH

28(S661) VSN ‘Ausianiun supjdoH suyor

18(G661) YSN ‘0dsidueI] UeS ‘eluiodi|e) 4o Alsianiun
08(G661) uspams ‘Binquaylon DHdsy3

6.(G661) BPRUERD ‘01U0JO] JO ALSISAIUN

8.(#661) WSN "1wel Jo Ausianiun

£2(€661) VSN SHOA MIN "493Ud) JddueD BulId}Id)| URO|S [BLIOWSIN
9,(€661) N ‘IsniL uolrepunod SHN uapsiely |efoy
s.(€661) PUe||OH ‘WepJa110y DdSy3

g2(1661) VSN “lItH 12deyd ONN

v2(0661) VSN ‘INd11d3UUOD 4o Alsiaalun

£,(8861) @dueRI 'slied ‘|endsoH uiy>0d

22(L861) epeued ‘Ayisianiun [|IDN

zz(7861) WSN HOA MIN “491ud) Jodue) Bulia119) UeO|S |BLIOWSIA|
1z(€861) uemie] ‘|endsoH sueiaiap bunydie|

22

NIHR Journals Library www. journalslibrary.nihr.ac.uk



DOI: 10.3310/hsdr03300 HEALTH SERVICES AND DELIVERY RESEARCH 2015 VOL. 3 NO. 30

rebiopsy had, on average, 50 more men change treatment per 1000 person-years (95% Cl 7 to 94 treatment
changes per 1000 person-years; p =0.025) compared with those that rebiopsied on worsening results from
PSA tests or DRE only. Each of these associations was found in univariable analyses. Two multivariable
metaregressions were performed to account for mutual confounding. In these models, the results were
slightly attenuated, although there still remains some evidence for associations with Gleason score of >3 + 3
(46 fewer changes, 95% Cl -5 to 96 fewer changes; p = 0.07) and regular biopsy (49 more changes, 95% Cl
-5 to 98 more changes; p =0.07).

Reasons for changing management

Eighteen studies reported reasons men had for changing treatment.?"237276% Up to an average of 37% of
changes to radical treatments were a result of a reclassified Gleason score (95% Cl 23% to 51%),7>7"%
whereas an average of 38% were caused by men meeting PSA, PSADT or PSAv triggers (95% Cl 25% to
51%).7577.79°81848585 Other tumour-related reclassifications, such as the number of positive cores, caused an
average of 23% of the management changes (95% Cl 8% to 37%).727777981838 Among those studies
detailing reasons, an average of 21% (95% Cl 13% to 30%) of treatment changes were a result of
patient choice or anxiety.?27276780828489 Nt al| of these four types of reasons (Gleason score, PSA, other
tumour and patient choice) were possible for all studies and, hence, the sum of the given averages is over
100%. For example, if study 1 has 100 men who change management from AS to radical treatment,
with 50 changing as a result of Gleason score reclassification and 50 changing as a result of a rising PSA,
then each reason contributes 50%. In study 2, 100 men receive radical treatment; however, in this study,
men can only receive radical treatment as a result of Gleason score. Thus, averaging the two studies, we
can either say that Gleason score contributes 75% [=(50% + 100%/2)] and PSA 25% [=(50%+ 0%)/2]
of the reason why men receive radical treatment or we can ignore the PSA contribution from study 2

(i.e. 0%) and calculate that Gleason score contributes 75% [=(50% + 100%/2)] and PSA contributes

50% (=50%!/1) of the reasons for a change in management. We present the second method of reporting,
which results in a total value over 100%.

Prostate-cancer-specific mortality and metastases

Overall, eight PCa deaths were reported among the 7111 men and 22,545 person-years of follow-up. In
Gothenburg, one man changed to hormone therapy after 8.6 years on surveillance; he developed distant
metastases and died 12.7 years after diagnosis.®’ Five PCa-specific deaths occurred in the Toronto cohort, with
all having a PSADT < 2 years, such that triggers for intervention were met and treatment recommended; two
men received radiation therapy, one underwent radical prostatectomy and two refused treatment. The deaths
occurred 3.7, 5.2, 5.3, 8.7 and 9.6 years after diagnosis.” In the RMH cohort, two men died from PCa 4 years
and 8 years after diagnosis, respectively.® Both had a PSAv of > 1 ng/ml/year, subsequent Gleason score
upgrade on rebiopsy and received androgen-deprivation therapy. Six further cases of metastases have been
reported among the remaining men.?'72808

Summary

We reviewed 22 studies of men with localised PCa on AS, more than four times the number published
in our previous review.'® Follow-up times were generally short, with 15 studies having < 5 years
median follow-up. Eight PCa deaths and five further cases of metastases were found in 7111 men in
short-term follow-up.

Eligibility and triggers for management change vary across studies, leading to different study populations
and difficulty in making comparisons between studies. All studies used regular PSA testing, combined with
repeat biopsy testing in 19 of the 22 studies. An increase in Gleason score was the most common trigger
for recommendation of switching to radical treatment.’23273%4" The frequencies of PSA testing, DRE and
rebiopsy during surveillance were inconsistent across the studies. The rate of change from AM/AS to
radical treatment was found to be 30% or less in 15 of the 22 studies. The primary cause of management
change was an upgraded Gleason score. In addition, across studies describing reasons for management
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change, an average of 21% of men who changed from AS to radical treatment did so without meeting
triggers for clinical review.

Studies including men with a Gleason score of > 3 + 3 had 50 fewer men changing per 1000 person-years
(95% Cl 9 to 88 fewer men changing per 1000 person-years). One explanation could be that those with a
Gleason score of 6 have an increased chance of receiving an upwards reclassification compared with those
with an original Gleason score of 7. Many men who receive a Gleason score of 6 at diagnosis will be
undergraded,® 2 such that on rebiopsy they are deemed to have progressed. Another reason could be
that those studies with Gleason score of 3 + 4 eligibility have higher treatment-switching thresholds.

Studies with scheduled rebiopsy were shown to have an increased rate of management change. This is to
be expected given that rebiopsy offers the opportunity to detect small areas of high-grade tumour missed
by initial biopsies, particularly among men with the most common 3 + 3 Gleason score baseline results.

It is well established from surgical series that such upgrading (as opposed to true progression) at a rate of
around 25-30% is to be expected.®**?

A higher baseline PSA and T-stage were also found to be associated with a higher rate of change to
radical treatment. PSA change in its various forms (doubling time, velocity, etc.) was also responsible for
many changes of management, although evidence for its veracity in this regard is lacking.?>?®

Further follow-up data, which will include definitive outcomes, are needed to clarify the long-term impact
of AM/AS, in terms of management change and PCa mortality. The use of the word ‘progression’ by
several studies to mean a worsening condition rather than treatment switching is misleading. Furthermore,
not all studies explicitly provided a breakdown of what caused men to leave surveillance and switch to
radical treatment, making comparisons difficult. In the metaregression, explicit information about those
leaving treatment was not available for all studies. Thus, all those receiving radical treatment were grouped
together and not separated by the reason for changing treatment, the radical treatment received or PCa
outcome. To this end, it would be beneficial in future publications of ongoing AM/AS cohorts for detailed
reasons for management change to be given. A breakdown of radical treatment received by reason for
leaving monitoring would also be helpful in determining whether or not men opt for radical treatment or
WW, particularly as they age.
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Chapter 3 Building a model for prostate-specific
antigen during active monitoring

The material from this chapter has been published as an article.*

Aims and background
This part of the project involved:

¢ the development of a model for PSA change with age in one cohort of men with clinically
localised PCa
e deciding whether or not baseline diagnostic variables or characteristics improve the model.

Here, we present the decisions made in formulating a model for age-related PSA change in men with PCa.
We introduce the AM data set and detail the methods to be compared (see Methods). In Results, we
summarise the modelling of PSA by each approach and in Choosing a model for PSA reference ranges we
choose the optimum method for PSARRSs.

Methods

Study population

The ProtecT study is a large UK-based multicentre clinical trial comparing surgery, radiotherapy and AM in
the treatment of screen-detected (PSA > 3 ng/ml) and clinically localised PCa.''> Data were available from
512 men who declined random allocation of their treatment but chose to be managed according to the
AM protocol. They had been followed over an average period of 4.8 years [standard deviation (SD)

2.4 years] with a median of 14 visits per individual (7438 total PSA tests). Covariates collected include
Gleason score (or grade),® a histological grading system for PCa, which allows for the two main patterns
of tumour-cell structure evident upon biopsy to be graded and combined into a single score. All
participants in this cohort have a Gleason score of 6 or 7; however, a Gleason score of 7 can refer to
either a 3 +4 (pattern 3 predominant 4, also present) or a 4 + 3.

We have centred age at 50 years (i.e. considering age 50 years to be the baseline age), given that the
inclusion criterion for ProtecT is men aged between 50 and 69 years old. Follow-up of men is irregular,

as both the duration and timing of blood tests vary across men and, because of this, classical longitudinal
approaches for balanced designs are inappropriate. Furthermore, age, rather than time in the study,

is used as the covariate over which change in PSA is estimated. Using age makes the model more portable
to populations where age at, and method of, diagnosis for PCa may vary. Furthermore, as there is a great
deal of variation in when a diagnosis is made, and, consequently, in when treatment is started in relation
to the natural history of the disease, and as no PSA altering treatment is used in this cohort of men,
changes in PSA level will be aligned with age rather than the date of diagnosis. Here, given that we are
interested in model comparison, we treat Gleason score as a binary variable (score of 6 vs. 7) for simplicity.

Prostate-specific antigen has a positively skewed distribution and, for this reason, a log transformation of
the response is the usual initial step in its analysis.?**°% Figure 3 displays simulated PSA trajectories for
five men on AM, the high variation in PSA level and steady upwards trend being typical of a real data
series from men on ProtecT. These data are simulated, because presentation of post-randomisation results
from the trial is restricted until primary analysis in 2015.
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FIGURE 3 Plot of PSA trajectories for five simulated men.

Methods for modelling repeated measures of prostate-specific antigen

Four approaches were used to fit the PSA data from ProtecT, namely linear mixed models (LMMs),
fractional polynomial mixed models (FPMMs), regression spline mixed models (RSMMs) and principal
components analysis through conditional expectation (PACE). These methods are described in detail in

Appendix 4.

Prostate-specific antigen reference ranges
A suitable model for PSARRs must satisfy two criteria. First, it must offer an accurate description of the

trend of PSA on average and in individuals. Second, it must be able to make accurate predictions about
new PSA observations for an individual and about the entire PSA trajectory for a new individual. Once the
model is chosen, 95% of observations will be below:

PSA + 1.96+/var(PSA). )

We are only interested in an upper bound for PSA, given that the method would be used to alert men
with high observations of PSA.
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Conditional predictions for multilevel models

Using methods developed for LMMs by Pan and Goldstein® and Tilling et al.,%® we can enhance predictions
for future observations by conditioning on already observed PSA. This allows us to make better use of
models when moving to a different population of interest or for new individuals from the same population.
To predict a future PSA for an individual, conditional on a previously observed PSA, we regress the deviation
from the fixed part of the model at the second measurement on the observed deviation from the model at
the previous measurement. Mathematically, to condition the prediction of PSA, on PSA;:

- —  cov(PSA,, PSA,)

PSAY) = PSA, + varpsa) X (PSA —PSA,). ®
1

Results

Linear mixed models, FPMMSs and RSMMs were estimated in Stata’ and the PACE method was fitted
using MATLAB version 7.14 (R2012a) (The MathWorks Inc., Natick, MA, USA).*® The resulting models were
used to obtain fitted values of PSA using both unconditional and conditional methods where applicable.
Prediction performance was measured using the root-mean-square error (RMSE), whereas model fit was
assessed using Akaike information criterion (AIC) and the residual error 2.

Linear mixed model

A linear mixed model was used to estimate the linear effect on log(PSA) of age, Gleason score and their
interaction. The fixed parameter estimates are given in Table 3. Those with a higher Gleason score have an
almost 30% increased exponential growth rate per year in their PSA (i.e. from 0.073 to 0.106). Given that
the model must follow a log-linear trend, the mean LMM fit is lower to begin with in order to fit the data
across later ages where PSA is generally higher.

The interpretation of this model is straightforward for use in a clinical setting. Its simplicity also allows for
easy transfer to different populations, where more complex models may not fit well as a result of, say,
knot placement or polynomial degree being too sample specific. This model could be used to predict PSA
trajectory for a newly diagnosed man aged between 50 and 70 years at diagnosis, given his Gleason score.
Once an initial PSA is observed, the model can be updated by conditioning on this new observation, thus
making a second prediction more accurate.

TABLE 3 Comparison of fixed-effect estimates and standard errors from three parametric models

PSA at age 50 years 0.628 (0.068) 1.33(0.079) 1.30 (0.075)
Age 0.073 (0.004) 0.011 (0.008) 0.023 (0.007)
Age’ - 6.8 x 107 (1 x 107) -
*(Age—12.8), - - 0.030 (0.011)
*(Age—=17.7), - - 0.026 (0.012)
Gleason score=7 -0.311(0.168) -0.140 (0.131) -0.119 (0.138)
Age x Gleason score 0.033 (0.011) 0.025 (0.009) 0.024 (0.009)

a o,=oif a>0 and 0 otherwise.
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Fractional polynomial mixed model

The fractional polynomial model of degree 1 (FP1) with the lowest deviance was that with a cubic age
term as a covariate, the FP2 selected involved linear age and cubic age. Table 4 shows how the FP2 model
was chosen in favour of the FP1 and linear model. We include random coefficients for both polynomial
terms to allow for each individual to have their own linear and cubic effect of age on log(PSA).

The interaction between the cubic effect of age and Gleason score is omitted because it was not found to
improve the model fit. The inclusion of the cubic age term indicates the inadequacy of the linear model
for age. It is important to realise that the cubic term-only model was found to be the best FP1, and the
addition of the linear term to it (in the FP2 model) was found to improve the fit through a hypothesis test
(i.e. Table 4, Step 3). The interaction between age and Gleason score more than trebles the effect of age
on log(PSA) for those in the higher Gleason category (from 0.011 to 0.036). If a Gleason score by cubic
age interaction were included, the interpretation of this interaction coefficient would not be useful

or straightforward.

The intercept [estimate of log(PSA) at age 50 years] is much larger here than in the LMM. In Figure 4 we
see that the FPMMs allow a more versatile range of fits to the simulated PSA profiles compared with
LMMs. The cubic term allows for a steeper gradient in PSA for older people. Overall, there is a positive
effect of age on log(PSA), which concurs with the LMM.

TABLE 4 Results of the fractional polynomial testing procedure

FP2 1067.27 1,3 - - - -
Null 4543.64 - 1 FP2 vs. null 3476.37 <0.001
Linear 1415.82 1 2 FP2 vs. linear 348.55 <0.001
FP1 1351.46 3 3 FP2 vs. FP1 284.19 <0.001
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FIGURE 4 Fits to the five simulated PSA profiles. (a) LMM; (b) FPMM; (c) RSMM; and (d) PACE. (continued)
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Regression spline mixed model

Here, K= 2 knots were selected, based on AIC, to gain modelling flexibility while avoiding potential
overfitting of these PSA profiles. Given that no evidence of natural ‘jumps’ of PSA occur at any particular
age for all men, these two knots were globally placed at the 33.3 and 66.7 centiles of the distribution of
age. All interactions between spline terms and Gleason score were added initially but then removed owing
to no model improvement.

Table 3 shows that the linear relationship between age and PSA becomes stronger as a man gets older.
Indeed, the strength is doubled at 63 years and trebled at 68 years, compared with the trend for a man
aged < 63 years. As can be seen in Figure 4, the fits are allowed to break from a linear trend to capture
some features missed by the LMM.

Functional principal components analysis

The first two principal components of the PSA data accounted for 92% of the variation in PSA. In Figure 4
the serial PSAs for each man are fitted with smooth curves, which are deviations from the overall mean
function u(t) displayed in Figure 5. These individual curves are not restricted by a parametric shape. The
mean curve u(t) suggests a much less extreme trend than each of the other approaches. PSA is estimated
to rise slowly up to the age of 70 years, at which point a sudden change of slope occurs with PSA rising at
a faster rate. This fit appears similar to a linear regression spline fit with one knot at 70. The underlying
model gives this fit far more flexibility, and, of all methods, it estimates the slowest trend for PSA.
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Choosing a model for prostate-specific antigen reference ranges

Describing the mean pattern of prostate-specific antigen change

Tables 5 and 6 summarise the difference in fitted and observed PSA and the RMSE, respectively, across age
categories. In each age category, PACE is superior for describing these data. Apart from in the right tail (at
ages > 71 years), the difference between the observed PSA and that fitted by the model is smaller for
PACE than for the other methods. If the sole interest here was in representing PSA trend for this group of
men on AM, then PACE would be the best choice. Among the other methods, from ages 50-60 years, the
LMM performs quite badly. As can be seen in Table 5, the fitted PSA values are obviously not high enough
on average. Over half of the total observations of PSA were taken from men aged 61-70 years, and this
range sees comparable performance of the parametric methods. Figure 5 serves to illustrate the benefit of
using RSMM instead of FPMM in this example. Up to the age of roughly 70 years, both have a similar
mean estimate. The FPMM then continues on this path because it uses a global polynomial basis for model
fitting, which leads to severe overestimation of mean PSA in the right tail of age. However, the regression
spline fit has the flexibility to change at the second knot (i.e. at age 68 years) and this change then
becomes apparent with a flatter fit of the regression spline in the right tail. Outlying PSA measurements in
older age affect only the spline-based estimate of the age effect in that region, whereas with FPMM they
have a global effect on the estimate.

From Table 7, the FPMM and RSMM have lower AIC compared with the LMM, but only marginally more
variation is explained by the two more complex models. The RMSE is lowest using PACE followed by the
RSMM approach, which corroborates the results from Table 6. Based on these diagnostic elements, the
RSMM is the best fitting of the three parametric models for PSA in men on AM.

TABLE 5 Fits to the observed PSA (ng/ml) by age category

Age Mean LMM Mean FPMM Mean RSMM Mean PACE
category Number of fitted: observed fitted: observed fitted: observed fitted: observed
(years) observations PSA (SD) PSA (SD) PSA (SD) PSA (SD)

50-55 485 -2.92.9) -1.52.9) -1.4 2.9 0.66 (2.5)

56-60 1222 -2.3(3.9) -1.5(3.9) -1.3(3.9) 0.18 (3.6)

61-65 2422 -1.1 (3.9 -0.88 (3.9) -0.88 (3.9) 0.08 (3.7)

66-70 2320 0.86 (4.2) 0.80 (4.2) 0.52 (4.2) -0.09 (3.8)

71+ 989 2.0(5.9) 3.4(6.3) 1.6 (5.9) -0.52 (4.2)

All 7438 -0.39 (4.5) 0.80 (4.5) -0.24 (4.4) 0.0005 (3.7)

TABLE 6 Root-mean-square error of PSA (ng/ml) by age category

Age

category Number of

(\CELD) observations LMM RMSE (SD) FPMM RMSE (SD) RSMM RMSE (SD) PACE RMSE (SD)
50-55 485 2.98(2.9) 2.08 (2.3) 2.11 2.4 1.75(1.9)

56-60 1222 2.72 (3.6) 2.39(3.3) 2.39 (3.3) 2.24(2.8)

61-65 2422 2.63(3.0) 2.63(2.9) 2.63(2.9) 2.30(2.9)

66-70 2320 3.08 (3.0) 3.02 (3.0 2.93(3.1) 2.25(3.1)

7+ 989 4.85 (3.9) 5.53 (4.1) 4.66 (3.95) 2.48 (3.4)

All 7438 3.11(3.3) 3.06 (3.3) 2.92 (3.3) 2.26 (3.0)
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TABLE 7 Model diagnostics and RMSE (in ng/ml) for the parametric approaches (no AIC is available from the
PACE method)

AIC 1412 1084 994
of 0.045 0.043 0.042
RMSE of conditional prediction (ng/ml) 2.15 2.19 2.10

Table 3 compares the estimates of the associations between Gleason score and PSA trajectory from the
three parametric models. There are some similarities in the effect of Gleason score and its interaction with
age; however, the intercept is much lower in the LMM than in either of the other two methods (which
have very similar estimates). In the LMM, with a constant trend over time, the intercept must be low to
allow for the model to fit the higher PSA values in the right tail of age. We can see in Table 5 that this
leads to an underestimate of PSA when age is between 50 and 60 years. For the same reason (i.e. to allow
those with higher Gleason score to have higher PSA in later age) the LMM underestimates the association
between Gleason score and PSA at age 50 years and overestimates the association between Gleason score
and PSA slope, compared with the FPMM and RSMM. The RSMM or FPMM methods are preferred here
for estimating the effect of Gleason score on PSA change over time.

Predicting prostate-specific antigen for a future patient

Here a parametric model is preferred, given that, by using methods that condition on new observations of
the response,®®'® we can allow the parametric models to become individualised to newly diagnosed men
on monitoring. Without a ‘factor loading’ &, a new individual / would simply be predicted to lie on the
mean PACE trajectory given his age.

Table 7 presents the RMSE of fitted PSA for each of the 512 men conditioned on their initial PSA. Here we
can see that the conditioning improves on the parametric methods such that they are better at fitting
these data than PACE. Between the three approaches, the RSMM is still preferred. Surprisingly, the LMM
performs slightly better than the FPMM when fitted values are conditioned on the first observation of PSA.
Regression splines offer the optimum performance among parametric methods overall (with the lowest AIC
and RMSE for both unconditional and conditional predictions) and also perform well in all segments of
age, as shown in Table 5 and Table 6. Thus, using regression splines for prediction of PSA in men in the
future seems appropriate. This reflects the changing trajectory of PSA over age, given that the RSMM
allows for three separate effects of age on PSA.

Summary

This chapter has compared three parametric multilevel models (LMM, FPMM, RSMM) and a non-parametric
smoothing method in order to choose a model for longitudinal PSARRs. Using PACE gave the best
descriptive fit to the data initially, but, using methods that condition on initial PSA, the parametric methods
displayed lower RMSE. As a predictive model, the linear RSMM, with two knots placed at the 33.3 and
66.7 centiles of age, offers the best model for PSA in this population.
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Chapter 4 Testing the accuracy of the
prostate-specific antigen model in four separate
cohorts

Aims and background

Here, we test whether or not the model for PSA presented in Chapter 3 is suitable for general application,
by using it to predict circulating PSA levels in four external cohorts of men on AM/AS. We summarise

the predictions for each cohort comparing the ProtecT model with a model based on all the data

from each cohort in turn. If the ProtecT model is found to describe age-related PSA changes in other
cohorts, then each PSA measured for a man in any clinic can be compared with the value expected with
age-related change.

Methods

Study populations

The RMH AS cohort is an ongoing study into the impact of initial conservative management of clinically
localised PCa.' Data from 499 men, comprising 9472 PSA tests along with Gleason score and several
other clinical covariates, were available. PSA test results were obtained between 1999 and 2012. The study
eligibility criteria were baseline PSA < 15 ng/ml, Gleason score of <3+ 4 and percentage of positive biopsy
cores <50%. In most men, diagnosis was based on a raised PSA and subsequent positive biopsy, so they
represent a modern AS cohort. Men on AS were followed up with PSA tests every 3—-4 months in the first
2 years and every 6 months thereafter. Biochemical progression was defined as PSA velocity > 1 ng/ml/year,
whereas histological progression on rebiopsy was defined as having a Gleason score of 4 + 3 or > 50%
positive biopsy cores. Clinical outcomes of metastases and PCSM were collected.

The Johns Hopkins (JH) AS programme began recruitment of men with clinically localised PCa in 1995 .82
Men were eligible if they had a Gleason score of <3+ 3, T1¢, PSAD < 0.15 ng/ml/cm?, two or fewer
positive biopsy cores and maximum involvement of 50% per core. Data from 961 men, comprising 9993
PSA test results performed between 1993 and 2012, along with diagnostic Gleason score and several
other clinical covariates, were available. Radical treatment was recommended once men no longer met the
eligibility criteria described above. Clinical outcomes of all-cause mortality and PCSM were included in

the data.

The SPCG4 data contained 290 men with 2987 PSA tests.’? These men were randomised to WW as part
of the SPCG4 RCT comparing WW and radical prostatectomy. They were diagnosed between 1989 and
1999, for the most part through clinical presentation with symptoms. To be suitable for randomisation the
men were required to be < 75 years of age, with a life expectancy of > 10 years. Data were available on
whether or not the men developed metastases and/or died from PCa.

Data received from the University of Connecticut Health Center (UCHC) cohort consist of 114 men with
884 PSA test results'® followed for an average of 4.7 years (SD 3.9 years). Men were diagnosed between
1989 and 1993 (before the advent of widespread PSA testing), for the most part by clinical presentation
with symptoms. Fewer baseline clinical exposures were available than from other cohorts, and information
was not present on whether or not men developed metastases or died from PCa.

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Simpkin et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

35



36

TESTING THE ACCURACY OF THE PROSTATE-SPECIFIC ANTIGEN MODEL IN FOUR SEPARATE COHORTS

These four cohorts come from two eras, the PSA detection era (RMH and JH) and the clinical detection era
(UCHC and SPCG4). As described above, the advent of PSA screening resulted in many more men being
diagnosed with PCa at an earlier stage than before. The modern cohorts also come from populations with
different screening prevalence. In the USA there is widespread PSA screening, whereby men are likely to
have several PSA tests through their lifetime. Thus, men diagnosed with PCa in the USA are likely to have
had mostly ‘normal’ PSA results before the raised value, which resulted in a biopsy and subsequent
diagnosis. In the UK there is no such screening programme, and the men diagnosed with PCa in RMH may
have had any level of PSA before the single high PSA that led to their diagnosis. Hence, the US men are
likely to be a lower-risk group with lower PSA on average than their UK counterparts. These issues, and
their impact on the poorly understood natural history of PCa, need to be considered when interpreting
findings from the cohorts.

The coefficients found in the ProtecT trial model were applied to data from the RMH and JH AS cohorts

as well as the UCHC and SPCG4 WW cohorts. However, all data were restricted to PSA test results
<50ng/ml and to men with an initial PSA <20 ng/ml. This is to eliminate any atypical values, in terms of a
modern AM/AS study. Two cohorts of men without PCa were also included to examine differences in PSA
change between men with and without cancer. Data from the Baltimore Longitudinal Study of Aging (BLSA)'*
contained repeated 5012 PSA measurements of 1032 men. A model for PSA change in 1432 men without
cancer from the Krimpen study,'® a large prospective community-based study in the Netherlands, has
appeared elsewhere.*®

Measuring performance
First, to investigate the behaviour of PSA between cohorts, we fit a simple random intercept and slope
multilevel model to log(PSA) in each of these four cohorts:

log(PSA) = B, + uoi + (B, + ur)age; + €, @)

where uy; is the random intercept, which allows each man to have their own adjustment to the intercept
B [i.e. the average value of log(PSA) at age 50 years] and u, is the random slope, which allows each man
to have their own adjustment to the slope p; (i.e. the average change in log(PSA) per year increase in age).
This is carried out to compare the age-related change in PSA for men with and without PCa.

The coefficients for our model of PSA change have been previously estimated using a cohort of 512 men
with clinically localised PCa participating in the ProtecT study.® In the present analysis, the model is used
to predict PSA in each of four external cohorts. We measure the accuracy of the predictions using the
average difference between observed and predicted PSA value per PSA test:

— 2
1,50 (PsA, — FSA)
N

, (5)

where PSA; is the observed PSA test result for person i=1, ..., n measured at time j=1, ..., n;and PEZ‘,
is the predicted PSA test result for person i at time j. The number of PSA tests can be different from person to
person, and the total number of PSA tests in the cohort is N. The average absolute difference between
observed and predicted PSA will always be positive, with a value of zero if the model predicted PSA perfectly.

For each of the four cohorts, predictions are made using (a) a model with coefficients derived from the
external data themselves; (b) the ProtecT model coefficients; and (c) the ProtecT model updated using the
first three PSA values for each man in the external cohort.””*® Prediction (a) gives the hypothetical upper limit
of performance but is not clinically useful, because the model coefficients cannot be estimated until all the
PSA measurements have been taken over the duration of AM. Predictions (b) and (c) indicate what could be
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achieved in clinical practice, as they apply coefficients estimated using the ProtecT cohort to the other data
sets, and so can be applied each time a new measure becomes available for a man on monitoring.

To calculate the coverage of the model in predicting PSA, we check whether or not a 95% prediction
interval (calculated using unconditional standard errors) from the ProtecT model contains the
corresponding observed value of PSA. We measure performance of the models further by tabulating the
model failures, which we define as absolute difference between predicted and observed PSA > 5 ng/ml
and model successes, defined as predicted PSA within 2 ng/ml of observed PSA. These are tabulated

to obtain the proportion of test level failures/successes (i.e. for how many PSA test results does the model
fail/succeed) and subject level failures/successes (i.e. for how many men does the model fail/succeed on
average across all their PSA test results). These cut-offs were chosen to reflect what we believe to be
clinically significant ranges.

Results

Age-related prostate-specific antigen change

Men on AM/AS and men without PCa have similar age-related PSA change (Table 8). For example, the PSA
change per year is very similar in the Krimpen, BLSA, RMH and JH cohorts. Figure 6 shows the predicted
average pattern of change if each cohort had an average PSA of 2 ng/ml at age 50 years. This hypothetical
graph shows the similarities of the four modern cohorts involving men with or without PCa. However,

the results from the multilevel models suggest that men without cancer have much lower average PSA
values at age 50 years. In Figure 7 we see that the estimated average PSA at age 50 years is much lower in
the Krimpen and BLSA cohorts.

TABLE 8 Coefficients from simple models of PSA change across six cohorts

Average PSA at age 50 years 0.72 0.65 2.48 2.07 1.38 1.23
Percentage change in PSA per year in age (%) 4 4 5 4 " 7
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FIGURE 6 Hypothetical PSA change in the cohorts if average PSA at 50 years was 2 ng/ml in each.
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FIGURE 7 Estimated PSA change in the cohorts.

Screen-detected cohorts

The model updated with the initial three PSA results is, on average, 2 ng/ml away from the true PSA for
RMH and 1.8 ng/ml away from the true PSA for JH (Table 9). Models fitted using all the PSA data from
these AS cohorts lead to an average difference between observed and predicted PSA of 1.1 ng/ml for RMH
and 0.82 ng/ml for JH. This indicates that the best prediction that can be achieved after collecting all PSA
data from this cohort. Furthermore, the coverage of the model (i.e. whether the observed value lies within
the 95% prediction interval) is close to the nominal value of 95%, at 98% for RMH and 97% for JH.

TABLE 9 Average absolute difference between observed and predicted PSA and coverage of observed PSA using
the protect model on four separate cohorts

RMH

Average absolute difference 1.1(1.5) 3.3(3.0) 2.0(2.9)
between observed and
predicted PSA, ng/ml (SD)

Coverage 0.999 0.93 0.98
JH
Average absolute difference 0.82(1.3) 3.1(2.8) 1.8 (2.5)

between observed and
predicted PSA, ng/ml (SD)

Coverage 0.997 0.86 0.97
SPCG4
Average absolute difference 1.7 (2.5) 7.4 (7.6) 4.6(6.1)

between observed and
predicted PSA, ng/ml (SD)

Coverage 0.999 0.75 0.95
UCHC
Average absolute difference 1.3(2.0) 5.6 (5.7) 3.7 (5.6)

between observed and
predicted PSA, ng/ml (SD)

Coverage 0.996 0.77 0.96
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Updating the model using the initial three PSA values has improved the accuracy of the ProtecT model. In
both RMH and JH the difference between the observed and predicted PSA values reduces by 1.3 ng/ml per
PSA test when using the updated model instead of the standard one.

Clinically detected cohorts

The ProtecT model achieves less accurate predictions in the older cohorts of SPCG4 and UCHC

(see Table 9). Although an optimal model fitted using all the SPCG4 data gives values of PSA within an
average of 1.7 ng/ml from the observed PSA, the ProtecT predictions differ by 4.6 ng/ml on average.
Similarly, in the UCHC cohort, the ProtecT model leads to predictions that differ by 3.7 ng/ml from the
observed PSA on average, whereas, for an optimal model fitted using all the UCHC data, the average
difference between observed and predicted PSA is 1.3 ng/ml. However, coverage was 95% for SPCG4 and
96% for UCHC. The results from both these cohorts further demonstrate the improvements gained using
the model updated with the initial three PSAs, with the average difference per test reducing by 2.8 ng/ml
in SPCG4 and 1.9 ng/ml in UCHC.

Comparison across cohorts

A clear dichotomy between the cohorts is found in Table 70. Roughly 3-4% of men have an average
absolute difference between predicted and observed PSA of > 5ng/ml using the external model in the
modern AS cohorts. However, this rises to 14% and 30% for the UCHC and SPCG4 cohorts, respectively.
A similar divide is apparent in the percentage of PSA tests where the model fails. This is 7-8% for the
modern AS cohorts but 20% and 25% in the UCHC and SPCG4 cohorts, respectively. The reverse of these
results is also true, in that the amount of model successes shows up a dichotomy between the cohorts
(Table 11). Between 67% and 79% of men in the modern AS cohorts have an average difference between
predicted and observed PSA of <2 ng/ml across all their PSA test results. The two older cohorts have a
lower proportion of men, between 39% and 51%, whose average absolute difference between predicted
and observed PSA is within 2 ng/ml. The percentage of individual predicted PSAs within 2 ng/ml of the
actual test results is 70-73% in the modern cohorts but 55% and 47% in UCHC and SPCG4 respectively.

TABLE 10 Model failure by study using prediction conditioned on first, second and third PSA

RMH 4 8
JH 3 7
SPCG4 30 25
UCHC 14 20

TABLE 11 Model success by study using prediction conditioned on first, second and third PSA

RMH 67 70
JH 79 73
SPCG4 39 47
UCHC 51 55
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Summary

The ProtecT trial model leads to a useful prediction of PSA in AS cohorts, with up to 79% of men having an
average difference between predicted and observed PSA of <2 ng/ml. Predictions from the model were less
accurate in the two older cohorts, made up of men probably at a later stage of disease and with higher
PSA values. The model predicts with an average difference between predicted and observed PSA of roughly
2 ng/ml in both screen-detected cohorts and roughly 4 ng/ml in the symptom-presenting cohorts. However,
using a hypothetical model based on all the collected data from these cohorts, the average difference
between observed and predicted PSA is still between 0.8 ng/ml and 1.7 ng/ml. The dichotomy of
performance was evident in the number of men not well described by the model (i.e. men whose average
difference between observed and predicted PSA across their PSA test results was > 5 ng/ml). In the AS
cohorts there were 3-4% of men with an average difference between observed and predicted PSA

> 5ng/ml in the prediction model, whereas 14-30% had at least this average difference between observed
and predicted PSA in the older cohorts. In predicting PSAs across all models, the benefit of using an
updated model resulted in reductions in difference between observed and predicted PSA for each cohort.

A large number of data were available for model development and validation. The model was developed
using data from over 7000 PSA tests, and we have attempted to predict over 15,000 PSA test results in
further cohorts using this model. Our data come from both sides of the Atlantic and traverse two eras of
PCa detection: the symptomatic-presenting man from the early 1990s and the screen-detected man of
the 2000s. The model performs well in both the modern US and European cohorts even though it was
developed on a UK cohort. This suggests that, although PSA at diagnosis is likely to be lower in the USA,
PSA change is similar. The model performs less well in predicting PSA for men in the older cohorts, but
some of these men with clinically detected disease could be seeing PSA changes beyond those expected.
These rapid rises of PSA would not be predicted by the model and could potentially be above a 95%
reference range. In some ways, the lack of performance in these cohorts can be viewed as evidence for the
use of PSARRs in AM.
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Chapter 5 Comparison of prostate-specific
antigen markers used to alert men to worsening
prostate cancer

Aims and background
This part of the project involved:

® investigating the prediction of PCa outcomes
® validating the ability of a PSARR to predict PCa outcomes
® testing the PSARR method against the commonly used methods of PSADT and PSAv.

Chapter 4 above has shown that the model of age-related PSA change offers reasonably accurate
predictions of future PSA levels in modern monitoring cohorts. In this chapter, we compare PSARRs with
PSADT and PSAv in retrospective analyses of three historical cohorts where several measures of PCa
progression are available.

Methods

Prostate-specific antigen markers
Prostate-specific antigen doubling time is the most popular PSA kinetic measure used to identify those
patients on AM who need clinical review. PSADT is calculated from a model of log(PSA) against time:

log(PSA) = a + f x time. (6)

The doubling time is then calculated as log(2)/p and is interpreted as the estimated time for a man’s PSA to
double. Thus, low values of doubling time coincide with rapidly rising PSA and are a cause for concern.
Conversely, high values correspond to a steady trend of PSA, and those patients above a threshold of
PSADT are advised to remain on monitoring. For a patient’s doubling time to be calculated using the
regression method, at least three PSA test results are required. We consider a PSADT of < 3 years to be a
marker for rapidly rising PSA.79848689

An alternative to PSADT is PSAv. This explicitly measures the rate of change in PSA over time calculated as
the slope term (B) from a model of PSA against time on monitoring:

PSA=a+f x time. 7)

Given that PSAv is the rate of increase of PSA, low positive values refer to steady PSA change and high
PSAv equates to sharply increasing PSA. Several studies have used a threshold of PSAv > 1 ng/ml/year?>7"1%
as a trigger for clinical review during monitoring. For this paper, we have calculated each man’s PSAv at
each visit beyond their third (calculation of PSAv requires at least three observations of PSA). We have used
PSAv > 1 ng/ml/year as a marker for rapidly rising PSA.
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Prostate-specific antigen reference ranges have been established as alternatives to these two PSA kinetic
measures.* A model for such reference ranges has been previously developed® on a cohort of 512 men
enrolled in the AM arm of the ProtecT trial.” For example, a 95% reference range, above which the
fastest increasing 5% of men with clinically localised PCa lie, is constructed as:

PSA + 1.68y/ var(PSA). (8)

where PSA and var(PSA) are found using the ProtecT trial model described in Chapter 3. If subsequent PSA
test results fall above this reference range, this implies that the patient’s PSA growth is above what would
be expected as a result of normal ageing, such that a recommendation for clinical review could be
warranted (e.g. Figure 8). Using the reference range model, we calculate whether or not a man’s PSA
result is inside the reference range at each visit; if it falls outside the reference range, this suggests an
increasing PSA beyond expected normal changes and that further clinical review may be necessary.

Study populations

The PSA markers were tested on the RMH AS cohort and the SPCG4 and UCHC WW cohorts described in
Chapter 4, Methods, Study populations (see also Table 24). The data were again restricted to remove any
single PSA test result > 50 ng/ml and any man with a PSA at diagnosis of > 20 ng/ml. Hence, the sample
sizes differ (Table 12 and see Table 25).

Outcomes

All-cause mortality data from UCHC are not used in this analysis to validate reference ranges, because they
probably contain many non-PCa-related deaths. Although the data from RMH include PCSM, no such
deaths are reported. To exploit these cohorts fully, we introduce outcomes pertaining to a PSA milestone,
namely whether or not a man reaches a PSA of 20 ng/ml during follow-up. The outcomes used for
validation, along with the proportion of men experiencing these outcomes, are given in Table 12. Given
that it is not clinically useful to have an alert (through PSADT, PSAv or PSARRs) close to, say, PCSM, we
have only included those alerts occurring at least 5 years prior to PCSM or metastases and 2 years prior to
reaching a PSA of 20 ng/ml.

PSA (ng/ml)

Age (years)

FIGURE 8 An example of a PSARR. The PSA result represented by a triangle would lead to a recommendation for
clinical review.
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TABLE 12 Summary of PCa outcomes used for validation in each cohort, with the percentage positive for each
outcome during cohort follow-up

SPCG4

Sample size 180 88

Metastases 44 (26%) 28 (40%)

PCSM 28 (15%) 27 (33%)
RMH

Sample size 454 45

PSA >20ng/ml 47 (10%) 8 (18%)
UCHC

Sample size 86 32

PSA >20ng/ml 18 (21%) 12 (38%)

Statistical analysis

Statistical analyses were performed in Stata 12.7° We report results solely for men with Gleason score of

3 + 3, because this low-risk group represents the vast majority of modern AM cohorts.'” We first compared
90%, 95% and 99% PSARRs to choose the optimal cut-off for rapidly rising PSA using the area under the
receiver operator characteristic (ROC) curve statistic for onset of metastases and PCSM in SPCG4. Cox
proportional hazards (Cox PH) models'™ were used to estimate the association between markers and
time-to-event outcomes. Time zero was set to be the date of beginning of monitoring, whereas date of an
event or end of monitoring was the time at risk. For each cohort we fit a base model controlling for T-stage
(where applicable), baseline PSA and baseline age. We report the HRs for each PSA marker and outcome,
together with their 95% Cls. Finally, we compare PSADT, PSAv and PSARR using the difference of deviances
from the Cox models using each of these in turn. A better model will have a lower deviance (see Table 16).

The ability of each PSA marker to discriminate between higher- and lower-risk men is calculated using
Harrell’s concordance statistic (or c-statistic) from each Cox PH model.'®% This is equivalent to an area
under the ROC curve for time-to-event responses, such as those of interest here. The c-statistic estimates
the probability that, of two randomly chosen men, the man with the higher-predicted probability of an
outcome will reach an outcome before the patient with the lower-risk score. By adding each PSA marker in
turn to the baseline models, we can compare the change caused by the marker, by looking at the difference
in c-statistic from base model to marker model.

Results

For onset of metastases, using 95%, 97.5% and 99.5% reference ranges led to an area under the curve
(AUC) of 0.58, 0.59 and 0.55, respectively. For the PCSM outcome, using 95%, 97.5% and 99.5%
reference ranges resulted in AUCs of 0.59, 0.56 and 0.54 respectively. Given these results, we chose to
proceed using the 95% reference ranges.

Metastases

Using an alert based on PSARR alone to recommend clinical review would miss 15 out of 30 future
metastatic cancers (sensitivity 50%, 95% Cl 31% to 69%) while causing 38 unnecessary rebiopsies to be
performed in the 107 men with non-life-threatening disease (specificity 65%,95% Cl 55% to 74%). The
PSADT < 3-year marker would lead to 13 missed metastatic cancers out of 30 (sensitivity 57%, 95% Cl
37% to 75%; Table 13) and would unnecessarily biopsy 42 of the 107 men with disease that would not
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progress to metastases during the follow-up of the cohort (specificity 61%, 95% Cl 51% to 70%). Finally,
the PSAv > 1 ng/ml/year marker alone would miss just eight of the 30 future metastatic cancers (sensitivity
73%, 95% Cl 54% to 88%) but would cause 70 unnecessary biopsies (specificity 35%, 95% Cl 26%

to 45%).

Initial age, PSA and T-stage were not useful to identify those men developing metastases (c-statistic=0.58,
see Table 15). There was weak evidence of positive associations between the PSADT marker (HR 2.1,

95% C10.97 to 4.4) and PSARR (HR 2.4, 95% Cl 0.9 to 6.7) and development of metastases (see Table 15),
and no evidence that men alerted by the PSAv > 1 ng/ml/year marker were more likely to develop
metastases in the future (HR 1.1, 95% Cl 0.5 to 2.7; see Table 15). However, the PSA markers slightly
improved the discriminative ability of the baseline model, with increases in c-statistic of 9% (PSADT), 7%
(PSARRs) and 2% (PSAv). Comparing the PSA marker models, there was some weak evidence of a better
predictive ability using doubling time over velocity (p =0.06; see Table 16).

The PSARR marker led to 56% sensitivity (95% Cl 31% to 79%; Table 14) and 61% specificity (95% Cl
52% to 70%) when used alone to determine which men would die from PCa. This would mean that 8 out
of 18 men with lethal cancer would be missed by the PSARR, and 48 unnecessary biopsies would be
performed. Using the PSADT marker alone would miss 6 out of 18 lethal cancers (sensitivity 67%, 95% Cl
41% to 87%) and cause 52 unnecessary rebiopsies to be performed in the 124 men without lethal cancer
(specificity 58%, 95% Cl 49% to 67%). If the PSAv marker were used as a standalone recommendation
for clinical review, just three of the 18 lethal cancers would be missed (sensitivity 83%, 95% Cl 59% to
96%), but 83 unnecessary biopsies would be performed in the 124 men with non-life-threatening disease
(specificity 33%, 95% Cl 25 to 42%).

A model using baseline characteristics of PSA, T-stage and age was not useful to discriminate between
those who died as a result of PCa and those who did not (c-statistic=0.53; Table 15). Those men with a
PSADT < 3 years were more likely to die from PCa (HR 3.2, 95% CI 1.1 to 9.2) and this improved the
c-statistic from the baseline model by 0.13 (25%). There was some weak evidence for an association
between PSARR (HR 3.3, 95% Cl 0.9 to 12.1) and little evidence for an association between PSAv (HR 2.1,
95% CI 0.6 to 7.7) and death from PCa. There was some weak evidence that the PSADT model was a
better predictor of outcome than the PSAv (p =0.05; Table 76) model.

Sensitivity and specificity comparing the PSA markers in alerting men with onset of metastases

Metastases 17 13 22 8 15 15
No metastases 42 65 70 37 38 69
Sensitivity, % (95% Cl) 57 (37% to 75%) 73 (54% to 88%) 50 (31% to 69%)
Specificity, % (95% Cl) 61 (51% to 70%) 35 (26% to 45%) 65 (55% to 74%)

Sensitivity and specificity comparing the PSA markers in alerting men with PCa specific mortality

PCSM 12 6 15 3 10 8

No PCSM 52 72 83 41 48 76
Sensitivity, % (95% Cl) 67 (41% to 87%) 83 (59% to 96%) 56 (31% to 79%)
Specificity, % (95% Cl) 58 (49% to 67%) 33 (25% to 42%) 61 (52% to 70%)
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TABLE 15 Hazard ratio and c-statistic improvements for the three PSA markers on each of the four outcomes

SPCG4 metastases
HR (95% Cl)
c-statistic from baseline model

c-statistic improvement from marker
(% improvement)

SPCG4 PCSM
HR (95% Cl)
c-statistic from baseline model

c-statistic improvement from marker
(% improvement)

RMH PSA > 20 ng/ml
HR (95% Cl)
c-statistic from baseline model

c-statistic improvement from marker
(% improvement)

UCHC PSA > 20 ng/ml
HR (95% ClI)

c-statistic from baseline model

2.08 (0.97 to 4.44)
0.58
0.05 (9)

3.23(1.13t09.22)
0.53
0.13 (25)

2.16 (1.01 to 4.60)
0.74
0.03 (5)

6.00 (2.82 to 12.8)
0.82

1.13(0.47 to 2.71)
0.58
0.01(2)

2.06 (0.55t0 7.72)
0.53
0.06 (11)

10.8 (1.45 to 80.8)
0.74
0.05 (7)

4.31(2.47 t0 7.52)
0.82

2.41(0.87 to 6.70)
0.58
0.04 (7)

3.28(0.89to 12.1)
0.53
0.11(21)

1.54 (0.51 to 4.09)
0.74
0.002 (0.3)

12.0 (5.38 to 26.9)
0.82

c-statistic improvement from marker 0.02 (3) 0.02 (3) 0.03 (4)
(% improvement)
TABLE 16 Differences in deviance (predictive ability) between the three PSA marker models
PSAv—PSADT (p-value) 3.5 (0.06) 3.9 (0.05) 7.5 (0.006) -10.2 (0.001)
PSAV-PSARR (p-value) 2.8(0.10) 1.9 (0.17) -11.1 (0.0009) 10.7 (< 0.0001)
PSADT-PSARR (p-value) 0.8 (0.38) -2.0(0.16) -3.6 (0.06) 20.9 (<0.0001)

Reaching a prostate-specific antigen of 20 ng/ml during surveillance

In the RMH cohort, baseline age, PSA and T-stage had a moderate discriminative ability in separating men
who would reach a PSA of 20 ng/ml (c-statistic = 0.74; see Table 15). There was no evidence that those
men with a PSA outside their reference ranges were more likely to reach a PSA of 20 ng/ml (HR 1.5, 95% ClI
0.5 to 4.1), and including PSARR only trivially improved the c-statistic. There was some evidence that men
with a PSADT < 3 years were more likely to reach a PSA of 20 ng/ml (HR 2.2, 95% CI 1.0 to 4.6); including
PSADT improved the c-statistic by 0.03 (5%). Those who would have been alerted by a PSAv > 1 ng/ml/year
were more likely to reach a PSA of 20 ng/ml (HR 10.8, 95% Cl 1.5 to 80.8). The PSAv marker led to an
increase of 0.05 (7%) in the c-statistic from the baseline model. Comparing these models, the PSAv marker
model was preferred to those including PSARR (p =0.001; see Table 16) and PSADT (p = 0.006), with some
weak evidence that the PSADT model improved on the PSARR model (p =0.06).
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For the UCHC data, baseline age and PSA were highly discriminative of reaching PSA 20 ng/ml in at least

2 years, with a c-statistic for the baseline model of 0.82 (see Table 15). Men with a PSA result over their
PSARR were more likely to reach 20 ng/ml (HR 12, 95% Cl 5.4 to 26.9; see Table 15). Given that there

are very few men in the Gleason score of 3 + 3 category who reach a PSA of 20 ng/ml, the Cl is very
imprecise. Including PSARR led to an increase in c-statistic of 0.03 (4%) over the baseline model.
Associations were found between both PSADT (HR 6.0, 95% Cl 2.8 to 12.8) and PSAv (HR 4.3, 95% Cl
2.5 to 7.5) and reaching a PSA of 20 ng/ml in the UCHC cohort. The inclusion of each of these markers led
to increases of 0.02 over the baseline model, or 3%. There was strong evidence that the PSARR model
had a higher predictive ability than both the PSAv and PSADT models (both p < 0.0001; see Table 16).

Comparing the ability of the three PSA markers to alert men to progression of their disease, the findings
here are mixed. There is some weak evidence that PSADT offers better prediction of metastases and PCSM
compared with PSAv, but there was no evidence that PSADT is to be preferred to PSARRs. For classifying
patients who may reach a PSA milestone of 20 ng/ml, the evidence provided here is marginally in favour of
using PSAv for a modern AS cohort in RMH and strongly in favour of PSARR in data on an older pre-PSA
cohort from UCHC.

Using the PSARR marker results in good specificity (i.e. leads to fewer unnecessary biopsies) in the SPCG4
men. However, this marker also misses some lethal cancers in the SPCG4 cohort (lower sensitivity).

The PSAv marker has the reverse effect, with few lethal cancers missed but many unnecessary

biopsies performed.

Using baseline characteristics of age, PSA and T-stage was not useful to discriminate men who go on to
experience either metastases (c-statistic = 0.58) or PCSM (c-statistic = 0.53). PSADT and PSARRs increased
the c-statistic of the PCSM model by 0.13 (21%) and 0.11 (25%). An important finding of this analysis is
that using baseline age, PSA and T-stage can discriminate those men who are likely to reach a PSA of
20 ng/ml (c-statistics of 0.74 for RMH and 0.82 for UCHC). For this outcome, there were only marginal
improvements to these c-statistics by any of the three PSA markers.

Using the PSARR model to track men on monitoring has several advantages compared with PSA kinetics.
First, it has been shown that alerts based on PSA kinetic measures are heavily associated with the number
of PSA tests.* For instance, one high PSA result following four unremarkable tests will lead to a small
value of PSADT (and possible alert to clinical review), whereas this measure would be relatively unaffected
if the high result followed 20 unremarkable PSA tests. Using the PSARR is less sensitive to the number

of test results available. Second, PSA modelling is based on empirical data on the natural history of
age-related PSA increase in men with clinically localised PCa, rather than a mathematical model. This
model is, therefore, more robust to PSA changes (i.e. has better ability to spot an abnormal test result)
than using PSA kinetic estimates obtained from a single series of PSA data. Third, using one model,

such as the ProtecT trial model proposed here, to predict PSA avoids the problem of inconsistent
calculation of PSA kinetics. Fourth, the calculations are all done at the outset, with no further calculations
required of the clinician as further PSA results are considered.

Outcomes from the SPGC4 cohort were useful for comparison, because the number of events was
relatively large and many serial measurements of PSA were taken some time before these outcomes
occurred. However, in the other cohorts, a lack of clinical outcomes, such as PCSM or metastases

(i.e. UCHCQ) or a lack of events (i.e. RMH), diminishes our ability to validate the PSARR method or to
compare it with PSA dynamics. We created outcomes involving PSA milestones, which may be clinically
useful. However, stronger conclusions would be drawn using PCSM. Given that men enrolling in AM are
the lowest-risk group, it is unlikely that many such events will be observed until many more years of
follow-up pass or many more men are enrolled in such studies.
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Chapter 6 Qualitative study: clinicians’ and men's
views on current active surveillance practices

Introduction

Recent systematic reviews have found that there is little evidence or expert consensus over the most
effective clinical practice for AS or AM of PCa.'®'®"” Repeat measures of PSA are usually used, but clinical
practice varies in terms of the triggers for clinical review of men who have opted for AM/AS.™

The previous chapters have explained how the study team used repeat measures of PSA levels in large
numbers of men with and without PCa to calculate age-related reference ranges. It was envisaged that
making these reference ranges available to men when discussing blood PSA results may improve the AM/AS
process by (1) providing reassurance if a man'’s PSA levels are within the limits expected as a result of
ageing, or (2) triggering a clinical review if reference ranges indicate changes in PSA levels exceed the limit
expected as a result of ageing (and thus point towards possible progression of PCa). The AMS is a software
tool developed specifically for clinicians to present these reference ranges to men on AM/AS when
discussing PSA test results in clinic.

The present and following chapters present the main findings to emerge from the qualitative study. All
clinicians and men participating in this study referred to the intervention as AS (not AM). The term ‘AS’
will, therefore, be used throughout this and the next chapter.

The overall aim of the qualitative study was to investigate clinicians’ and patients’ views surrounding the
acceptability and feasibility of using the AMS for AS of clinically localised PCa. In order to understand how
the AMS may be incorporated into practice, there was an initial need to understand current AS practices,
particularly as so little research has investigated experiences of providing or undergoing AS. An
understanding of current practice was crucial given that the management of early-stage PCa — particularly
AS —is a rapidly evolving field with little consensus in published evidence (as outlined in Chapter 2). In light
of these considerations, specific objectives of the qualitative study were to:

1. investigate current practices within AS for clinically localised PCa

2. explore clinicians’ and patients’ views and experiences surrounding current AS practices (particularly
their views on triggers for considering radical treatment, and current AS protocols)

3. explore clinicians’ and patients’ views on how the AMS compares with current practice

4. investigate which presentations of the AMS were most acceptable to clinicians and men.

The qualitative research is presented in two chapters. This chapter presents findings relating to current
AS practices (objectives 1 and 2), including some comparison with the AMS, and the next chapter
(see Chapter 7) focuses on views about the AMS in more depth (objectives 3 and 4).

Methods

Design

Semi-structured, face-to-face interviews were conducted with clinicians, nurses and patients from four
hospitals, each in a separate acute trust. Acute trusts (study sites) were purposively selected on the basis of
having an established, fully running AS programme. One of the four sites was involved in the ProtecT
study, but clinicians interviewed at this site had no direct involvement in the study.
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Sampling and recruitment of clinicians/nurses

Clinicians were purposefully selected based on their roles and non-involvement in the ProtecT study.
Clinicians who led routine AS appointments were prioritised, but staff with more peripheral involvement in
AS patient care were also interviewed (e.g. nurse specialists).

Principal investigators at each site suggested appropriate potential participants and helped to organise
introductory meetings in two of the four sites. These meetings allowed the research team to gain
preliminary insights into the structure and running of the clinics and to recruit clinicians. A degree of
snowhball sampling, where interview participants suggested potentially eligible colleagues, occurred at three
of the four sites. Clinicians/nurses were invited to take part in the study through a letter from the research
team and a study information sheet. These information sheets were either sent to the hospitals or
distributed at the introductory meetings. There was potential to continue recruitment across some of the
sites, but sampling ceased once data saturation had been achieved; this was defined as the point at which
four consecutive interviews generated no new themes.

Sampling and recruitment of men on active surveillance

Recruitment of men on AS took place across three of the four sites. The site involved in the ProtecT trial
was excluded from this phase of the study owing to concerns that men’s care could have been influenced
by the ProtecT study protocol for AM if patients had received care from clinicians involved in the ProtecT
study. Clinical teams from each site identified eligible men in line with inclusion and exclusion criteria
stated in Box 1. Recruitment packs were distributed to eligible men via post or within clinics. Each pack
contained a letter from the researcher (LR), a reply slip, a study information sheet and a pre-paid return
envelope. Men interested in participating in the study were asked to contact the researcher (LR) directly.

BOX 1 Inclusion and exclusion criteria for selecting men

Inclusion criteria

e Able to give informed written consent to participate.

e Gleason score of 6.

e PSA level at time of diagnosis < 10 ng/ml.

e Receiving AS for PCa.

e At least 12 months post diagnosis.

e Judged by clinician to show no evidence of disease progression.

Exclusion criteria

e >70 years.

e Concomitant or past malignancies (other than a small treated skin cancer).
e Prostate cancer has been diagnosed less than 12 months previously.

e Gleason score of 7 or above.

e PSA result at time of diagnosis > 10 ng/ml.

e Prior treatment for prostate malignancy.

e Showing evidence of advanced PCa.
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Data-collection methods

Data collection took place from April to November 2013 in private rooms within hospital trust premises or
men’s homes. Each participant was interviewed once, and LR conducted all bar one interview (which was
conducted by JW). Men's partners were present in four interviews (see Table 17 for details). Where
present, partners were considered as participants and subjected to the same consent processes as the
men. Interviews were recorded following receipt of written consent from all present and transcribed in full
using standard notation. Interview times ranged from 20 minutes to 1 hour and 5 minutes for clinicians,
and 18 minutes to 1 hour and 36 minutes for men. Interview schedules were used to ensure topics were
consistently covered (see Appendix 3). These documents evolved as data collection proceeded, with
inclusion of new topics and omission of prompts that were known to be unsuitable/irrelevant based on
initial interviews conducted. Clinician/nurse interview schedules explored the criteria informing decisions to
offer AS, current AS protocols and perspectives on the AMS. Interview schedules for men on AS covered
pathways leading to joining an AS programme, experiences of being monitored and perspectives on the
AMS. Brief field notes were taken by the researcher during and after interviews, which recorded pertinent
details to pursue within interviews and initial analytical thoughts (if time permitted).

Vignettes displaying three hypothetical men’s PSA values over time were used throughout the interviews
with clinicians/nurses and men on AS. Each hypothetical man’s data were presented in two formats: as a
table on paper showing PSA values over time (‘paper vignettes’), and as they would appear as a graph
within the AMS, presented on a laptop using Microsoft Excel® 2013 software [(Microsoft Corporation,
Redmond, WA, USA); Appendix 3, ‘Active monitoring system vignettes’]. Each of the three hypothetical
vignettes presented distinct PSA trends: vignette 1, where the values were steadily increasing ('Mr Smith’);
vignette 2, where the PSA values were erratic (‘Mr Jones’); and vignette 3, where there was a gradual rise
in PSA with a steeper gradient for the last few readings (‘Mr Evans’). This final vignette was the only
scenario in which a man’s PSA eventually exceeded a value of 10 ug/ml.

Presentation of the AMS using Excel allowed for addition and removal of various reference lines, each of
which were individually superimposed on PSA graphs by the researcher (with a brief explanation of

what each reference line represented). Addition and removal of these reference lines allowed the researcher
to explore different presentations of PSA values within the AMS.

A core component of the qualitative work was to investigate current AS provision from the perspectives of
men and clinicians; this was a broad aim, with scope for exploration of new lines of enquiry. Given this,
data saturation was assessed primarily through consideration of the principal aim of the qualitative work in
the context of the wider project: to evaluate the AMS tool.

Analysis

Audio-recordings of interviews were transcribed in full using standard notation. Transcripts were analysed
thematically using the constant comparison method derived from grounded theory methodology.' This
involved line-by-line coding of transcripts, categorising codes into themes and developing codes and
themes as transcripts were reread in light of newly collected data. Analysis was primarily conducted by LR
using NVIVO (V.9) (QSR International, Warrington, UK). A sample (10%) of transcripts from clinician and
patient interviews were independently analysed by JW midway through data collection. Any differences in
coding and thematic interpretations were discussed and additional areas were suggested for addition to
the topic guides. Descriptive accounts of observation and interview findings were written and discussed
with the research team. Matrices for major themes from interviews were drawn up. Participants were
arranged according to centre and — in the case of clinical professionals — according to role to enable
patterns of meaning within each group of participants’ accounts to emerge, facilitating identification of
'negative’ cases that conflicted with emerging theories. These exceptions were revisited by rereading
transcripts and were described accordingly in reported findings. Final matrices of the main themes
described in this report were constructed prior to writing to ensure that the full range of perspectives
was reported.
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Results

Participant characteristics

A total of 38 interviews were conducted (13 consultant urologists, two specialist registrars in urology, three
urology nurse specialists, 20 men). All clinicians who were invited to take part in the research agreed, and
three of the 23 invited men declined (without giving a reason). None of the participants withdrew from
the research. Characteristics of men who participated can be found in Table 77. The sample of men
interviewed was spread across the age range of 55-70 years, with most aged 65 years and above (as is
typical in routine practice).

Presentation of data

Quotations from interviews have been selected on the basis of how clearly and succinctly they illustrate the
dominant themes to emerge from the research. Tensions and inconsistencies have been discussed, and
guotations from divergent cases are presented where relevant.

Clinicians are referred to as ‘he’ throughout, for purposes of anonymity.

The following identifiers have been used for quotations:

U(number) = consultant urologist or specialist registrar in urology; SPN(number) = specialist urology nurse;
P(number) = man on AS; P(number)partner = partner of man on AS; INT = the interviewer (LR/JW)

TABLE 17 Characteristics of men interviewed

P1 66-70 <2
P2 66-70 >5
P3 61-65 <2
P4 66-70 <2
P5 66-70 2-5
P6 <60 2-5
pP7° 61-65 2-5
P8 66-70 2-5
P9 61-65 2-5
P10° 66-70 2-5
P11° 61-65 <2
P12 66-70 <2
P13 <60 2-5
P14 61-65 <2
P15 66-70 <2
P16 66-70 2-5
P17 61-65 2-5
p18° 66-70 >5
P19 66-70 <2
P20 61-65 2-5

a Denotes partner present.
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Overview
The chapter covers two broad areas explored within this research:

1. deciding whether or not to follow an AS programme
2. current practice within AS programmes: follow-up procedures and triggers for change of management.

For clarity, data from interviews with clinicians/nurses and men on AS have been presented separately
within each section. The term ‘AS’ rather than ‘AM’ was used by all sites, although clinicians did not make
any distinctions between the two terms. They did however distinguish "WW' from ‘AS’, with the main
difference being that WW did not have a curative intent. A more detailed description of how clinicians
distinguished AS from WW can be seen in Appendix 3.

Deciding whether or not to follow an active surveillance programme

Clinicians’ views on candidates for active surveillance

The early stages of clinician interviews focused on decision-making surrounding in what circumstances it is
appropriate to offer AS to a newly diagnosed man. Clinicians tended to weigh up a range of clinical
factors in their decision-making, including tumour Gleason score, the volume of cancer detected and PSA
values. However, a lack of evidence made it difficult to be definitive about who was eligible for AS on the
basis of the clinical parameters currently considered. Existing clinical guidelines varied, and long-term
outcome data were not yet available:

I mean | have to say guidance varies depending on what you're . .. or should we say evidence varies,

and if you read one paper it says anybody less than five [biopsy] cores and if you read another paper it

might say sort of three cores, so you're sort of going for a low core count of about two or three cores.
SPN2

There’s a lot of it that’s a bit made up, you know, best guess, rather than evidence.
U9

In light of the above uncertainties, clinicians found it difficult to be specific about the upper limits of clinical
parameters that made a patient definitely ‘eligible’ for AS, with the majority indicating that setting fixed
thresholds was not reflective of their routine practices. Clinicians were much more inclined to discuss values
they were comfortable with and values for which they would be hesitant to offer AS, but made it clear that
these reflected their general practices rather than hard and fast rules. Comparison of clinicians’ accounts in
relation to each clinical parameter (e.g. Gleason score, number of positive cores for cancer) suggested
variation across and within sites. Appendix 3 sets out a more detailed description of clinicians’ reported levels
of comfort surrounding each clinical parameter, whereas Table 18 summarises clinicians’ preferred maximum
values. In some cases, clinicians’ thresholds varied within sites, in which case the range of responses for that
particular site has been reported.

It was apparent that variation was more pronounced for some clinical parameters than others. For
instance, most clinicians were comfortable offering AS to Gleason score of 6 patients, and most expressed
willingness to include some Gleason score of 7 patients as long as these were no higher than Gleason
score of 3 +4. Although a minority, some clinicians (from multiple sites) expressed concern about the
suitability of Gleason score of 3 + 4 patients for AS:

Some patients with a Gleason 7 low volume low PSA do continue on active surveillance, but it always
makes me nervous when it says Gleason 7.
us
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TABLE 18 Clinicians’ reported preferred maximum thresholds for clinical parameters considered in decision-making
surrounding AS eligibility

Gleason score 6-7 (3+4) 6-7 (4+3) 7 (3+4) 7(3+4) 6-7 (4+3)
Volume of cancer: number of 4 to 'does 2to6 2t06 2to3 2 to 'does
positive cores (out of 12) not matter’ not matter’
Volume of cancer: percentage 50 to ‘does 40 to 50 20 to 40 20 20 to 'does
of core involvement (%) not matter’ not matter’
PSA value (ng/ml) 10 to 20 8 to ‘does 10 10 8 to ‘does
not matter’ not matter’

At the other extreme, although Gleason score of 3 + 4 was considered the upper threshold for most
clinicians, one urologist also showed willingness to consider Gleason score of 4 + 3 patients — considered
by most to be too high a risk group for AS:

I mean obviously 3 + 4 you're taking less of a risk. Um but | think it's reasonable to do a 4 + 3.
uio

Although views surrounding Gleason score were largely similar across sites and individuals, specified
figures for acceptable biopsy cores positive for cancer were highly variable, ranging from ‘2/12' cores to
‘50% of the cores’. Determining a clear upper threshold for the number of positive cores was not
straightforward, as this figure could be compensated by lower percentages of cancer present in each core,
or lower values in other clinical categories (e.g. Gleason score):

Essentially if we were going to tie it down we would say no more than 3 cores, no core more than
50% Gleason 3 + 3 and then we broaden a bit by including some 3 + 4s, occasionally might let
somebody in, there was tiny amounts in 4 cores for example, we might take somebody who had a
single core on the out of 10 that had 60% . ..

u1

Overall, clinician interviews revealed that decision-making regarding AS eligibility in practice was a process
of weighing up multiple clinical parameters. Importantly, however, decisions of whether or not to start an
AS programme were overlaid by consideration of factors other than cancer characteristics, including:
co-morbidities, patient age, patient preference and psychological status:

[...]It's an art, this, it's not a science.
urto

Decision-making through triangulation of numerous factors could be viewed as a response to the
uncertainties in the field, particularly given that all the clinicians interviewed discussed limitations
surrounding how accurately individual clinical parameters characterised PCa; PSA testing, DREs and biopsy
were all fraught with limitations:

I think at the end of the day it's the combination of all of them really. We know PSA is not fail-safe,
we know DRE’s not fail-safe, so at the end of the day a lot of active surveillance is your clinical
judgement of putting all the pieces together, so we haven’t got a perfect test but we've got a number
of things that we can look at, put them all together to give us as much information as we can.

U4
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In light of the uncertainties surrounding methods of measuring PCa status, clinicians repeatedly discussed
the necessity of weighing up all such factors in adopting a multifaceted approach to management.

Men'’s decisions to opt for active surveillance

Men were asked to describe how the decision to opt for an AS programme had come about, once they
had discussed their routes to receiving their diagnosis of PCa (see Appendix 3). The extent to which men
took ownership of the decision to start AS varied. Men were broadly categorised into one of three groups:
(1) those who chose AS; (2) those who followed the clinician’s decision; and (3) those who agreed to AS.
It should be borne in mind that this crude categorisation may have been influenced by the clinician’s
approach to presenting information, individual differences in men’s preferences for shared decision-making,
as well as by the potential biases associated with men'’s recollections of events. Despite this, a broad pattern
of decision-making emerged for each site in terms of the extent of patient involvement in initial treatment
decision-making (Table 19).

In site 3, men generally placed themselves as the main driver behind the decision to opt for AS and
recalled taking time to research and think about their options. Some men from site 3 spontaneously
commented that they had felt their clinicians actively refrained from recommending a particular route for
managing their PCa:

... they said ‘We cannot recommend anything.’ From what | could gather it was more than their job
was worth, to recommend anything to me. ‘Cos if they get it wrong | could come back and sue. So it
was literally left down to myself [...]. It's either this, this, or this. You are left very much to searching
out yourself, and making your own decisions. So | went through everything.

P6

Although some men from other sites also reported ‘choosing’ AS themselves (n = 2), they also recalled
receiving treatment recommendations from their clinicians. One participant still framed the final decision as
the result of his own decision-making, aided by research and discussion with his partner. The other
participant (P2, below) opted for AS, but had received a strong recommendation for surgery. This was the
only man who reported going against clinician guidance:

And | think originally he wanted me — he suggested that because of my age that | actually have the
operation. Probably the best outcome for me, perhaps, would have been to have it removed; being
that it was contained in the prostate. But | actually thought about it and did a bit of research on it and
| decided for me, | wanted to not have the operation and do the active surveillance.

P2

TABLE 19 Decision-making leading to initiation of AS programme

Site 1 1 3 1 5
Site 2 1 3 4 8
Site 3 6 0 1 7
Total 8 6 6 20
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Men from sites 1 and 2 were more likely to distance themselves from the treatment decision-making
process, framing the decision to opt for AS as following the clinician’s recommendation, or accepting the
clinician’s decision. There were subtle differences in these two categories. Men who reported having
agreed to a clinician’s recommendation of AS still expressed the final decision-making responsibility as
being their own, or at least acknowledged that they had a role in decision-making. These accounts
emerged from both sites 1 and 2:

Just he said his recommendation was | went on watch. It wasn’t a problem [...]. And | didn’t have any
problems with that.
P20

In contrast, the final subgroup of men did not allude to there being a ‘decision-making process’, instead
simply accepting the clinician’s decision that they would begin AS (n =6). Most of these men were from
site 2 (n=4).

Although the sample numbers were limited, these data indicated possible variations in practice across sites
and clinicians when it came to shared or informed decision-making in the context of treating low-risk PCa.
However, factors such as sociodemographic differences across patient populations and patient
recollections/response styles must be borne in mind.

Current practice within active surveillance programmes: follow-up

procedures and triggers for radical treatment

This section will consider AS protocols from the perspective of clinicians and men. It should be noted that
sites varied in how protocol-driven their practices were. At one site (site 1), clinicians had been following a
site-specific protocol for a number of years, whereas clinicians from another site (site 2) were in the process
of developing a protocol at the time of data collection. As such, there was more variation across clinicians'’
accounts from site 2, although it became apparent that individual variation between clinicians existed
irrespective of the presence of a protocol.

Clinicians’ reported follow-up practices

Follow-up routines for monitoring patients on AS consisted of regular PSA testing, DREs, rebiopsy and
face-to-face discussion with the patient about any new or developing symptoms. Detailed accounts of the
frequencies of each of these measures can be found in Appendix 3. Overall, the frequency of tests and
measures varied across sites and, in some cases, among clinicians from single sites. All clinicians
highlighted that published guidelines for ‘optimal’ follow-up routines varied, which in turn reflected the
lack of long-term evidence to inform ideal AS provision:

I mean I think [...] | think what | would admit to is saying that [...] we [...] there often isn't a
consensus [. . .] as to how these people should really be seen. And | think that’s a consensus not only
nationally, of course, but [.. .] also within a, within a department. So I’'m sure if you were to actually
look at the surveillance [. . .] management in this department it may well be different according to
which person you'd see.

U9

Despite the lack of conclusive evidence, sites 1 and 3 had a site protocol in place to lend some structure to
their follow-up practices. Most clinicians from site 1 quoted this protocol while discussing follow-up
routines, although some clinicians were explicit about deviating from this protocol at times:

So there’s the PSA follow-up and then we do rectal examinations (6 monthly) — well personally | don’t
do rectal examination in every clinic, | would try and do at least one rectal examination per year in
a patient.

Uz
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The idea that site protocols were to be viewed as ‘guidance’ that permitted deviation was also apparent at
site 3. Only two clinicians were interviewed from this site, one of whom acknowledged that the protocol
was not tightly enforced. The second clinician’s interview also emphasised that follow-up practices were
subject to individual clinical opinion and/or practice:

INT: So in terms of the actual routine of active surveillance, what does that entail, then, in [Site 3]?
U15: It varies from consultant to consultant, but for me it'll be reqular . . .

Reported frequencies of certain clinical tests/measures in AS follow-up varied to a greater extent than
others. For instance, the frequency of PSA testing (via general practice) and frequency of DREs (via
outpatient appointments) could be considered as one of the more fixed components of the AS programme
for most sites, with some examples of individual variation in reported practices. Most variation for these
clinical measures was reported from site 2, which was in the process of formulating a centre protocol.
Reported practices in site 2 suggested indefinite intervals in the frequency of PSA tests and polarised
opinions regarding the value and role of conducting DREs in follow-up:

U8: So following an outpatient discussion on the available evidence that that’s what we’re going to
do, then the patients will have another PSA 3 months after that. And then depending on the results,
there will be a review of the PSA 3 to 6 months after that.

INT: / see, | see. So in terms of DREs, how often do you do those?
U10: We wouldn't. . ..

INT: OK ... and do you think there is any value in doing that?
U10: No I don’t, no, not at all.

INT: That would explain why you’re not doing them.

U10: No I mean | quess if you had someone who had got a palpable abnormality you’d probably want
to keep a closer eye on that, but for the majority of patients, no [. . .]. But if you're doing a biopsy
every 2 years | don’t think there’s a great value in doing a DRE reqularly. [It's] not evidence based. It is
evidence based for follow-up to [active] treatment, post-radical treatment — but not for surveillance.

U9: And, you know, there is this big difference: T1C disease, impalpable disease is clearly easy to
monitor through PSA, but if they develop a T2 prostate something is changing and, you know,
that’s — it's easy to diagnose that and you should be (aware of it). It's like, | don’t know, treating
blood pressure without actually measuring the blood pressure.

In contrast to PSA testing and DREs — both of which were relatively non-invasive — the frequency of
rebiopsy appeared to be a more controversial topic across clinician interviews, prompting the greatest
expression of uncertainty. Regardless of whether or not a site protocol existed, all clinicians conveyed the
delicate balancing act that was required when it came to decision-making surrounding rebiopsies, given
the risks of comorbidity and patient anxiety:

One it's unpleasant and two if there’s morbidity attached to it, there is a mortality attached to
biopsies, 0.1% or something, we’ve had one patient who died about 3 years ago and this year, over
the last 12 months, we’ve probably had about four or five who've been admitted with sepsis |[. . .].
That’s why | think it's very difficult to say ‘you’ve got to have a biopsy every year or every 2 years’ but |
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think you have that as your basic requirement, which you can then alter a bit depending on the
patient and the disease dynamics.

Sites with established protocols once again yielded the most consistent reported practices with regards to
rebiopsy. However, clinicians’ tendencies to view site protocols as guidelines were reiterated here, with
accommodation of patient choice and comorbidities perceived as being important:

Some men for whatever reason have a biopsy earlier than a year perhaps because either the patient or
we are a bit less happy about the approach maybe and some men, a minority, decide they don’t want
a repeat biopsy.

[. . .] Biopsy regimen is usually 18 months or 2 years. And | tend to do it at 18 months or 2 years
depending on the man and their health and what they’re like.

Similar to other elements of AS protocols, the greatest variation in rebiopsy practices came from site 2,
where clinicians were explicit about the need for a protocol. Variation was found in relation to ‘initial’
rebiopsy times (ranging from 6-monthly to yearly) and subsequent rebiopsies (ranging from yearly to
‘based on need’):

Yeah — er, well we will rebiopsy everybody, even if the PSA is stable [...]. So if there is no change in
the grade or the number of cores or indeed the percentage of those cores involved, then we will
continue with PSA surveillance. What we haven't tied down is what to do about the next biopsy.

Well we would, for a typical man on surveillance we would generally rebiopsy them within 6 months.
And then after that they would generally continue with 3-monthly PSA monitoring, and we’d see
them fairly reqularly to repeat (their rectal) exam. And then ongoing it’s a bit more difficult: there
aren’t any hard and fast rules. But again the only reliable way of detecting tumour change is to do a
biopsy, so | think you are looking at doing a repeat biopsy every couple of years |[...]. But we don’t
have a hard protocol, because nobody can agree.

Clinicians’ thresholds for moving off active surveillance

The final element of AS protocols that was essential to understanding current practices was the trigger
for moving from AS towards radical treatment. The uncertainties underpinning routine practice for AS
follow-up also emerged here, where there was a lack of evidence to inform decision-making about radical
treatments. Clinicians were explicit about this uncertainty, although all were able to discuss triggers that
alerted them to consider radical treatment:

The PSA doubling time 3-year cut-point has just been proposed by [named eminent clinician] because
he did use 2 years and found that a lot of patients were doing very badly. So he threw it out to
3 years, just as a bit of guesswork, but that seems to have stuck with practising urologists.

The single clinical measure with consensus for a clinician’s recommendation to consider radical treatment
was disease progression as indicated from rebiopsy results. This was reported in clinicians’ accounts of
routine practices but also emerged in their responses to vignettes. None of the clinicians was prepared to
recommend radical treatment to a patient on the basis of PSA measures alone, regardless of whether or
not they were presented in the paper-based vignettes or in demonstration of the AMS. Where clinicians
were concerned about PSA trends or values presented in the vignettes, their proposal was always to
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rebiopsy the patient. Biopsies were perceived to be the most informative investigative tool currently at
their disposal:

The ultimate decider other than the patient’s choice, the ultimate decider is, is the biopsy.
ui

Clinicians’ reliance on rebiopsy findings in decision-making did not signify a widespread enthusiasm for this
procedure. Biopsies appeared to be the best possible option given the lack of alternatives. Clinicians
unanimously expressed a lack of confidence in PSA behaviours as a proxy for cancer progression, citing the
many variables that could influence readings, controversy in existing literature, and personal experiences
where PSA values had failed to signal serious disease progression:

I think I'm very pro-rebiopsy for men who are on surveillance, because PSA is not — we know that PSA
alone is not reliable. Because we know there are so many factors that influence a PSA, and it might be
that chap has done vigorous exercise for a day or so before, he’s had sexual activity or, you know, any
of those things. So, for me, a rebiopsy is essential, yeah.

SPN3

| mean, there is this thing, there are at least two studies that throw quite considerable concern on PSA
surveillance, the reliability.
urti

There were many factors that prompted clinicians to offer an unscheduled rebiopsy to patients on AS,
including changes in DRE results and/or patients’ reported symptoms. Generally, however, most clinicians
referred to ‘concerning’ PSA behaviour as a prime trigger, although there was once again uncertainty
surrounding what this constituted. In general, clinicians tended to look for trends in PSA activity rather
than absolute figures to trigger rebiopsy. In one exception, a specialist nurse suggested that there was
significance to a PSA reading of 10 ng/ml, but explained that his views had been influenced through
knowledge of the ProtecT trial protocol (which included additional investigations if PSA was > 10 ng/ml).™
The only other clinician (U9) to mention the significance of absolute PSA values also saw 10 ng/ml as a
significant threshold, but went on to explain that this was merely a figure they were conscious of given its
publicity. PSA trends were thought to be of greater value:

U9: I explain the fact that the PSA is a biological variable and therefore it’'s going to go up and it’s
going to go down and, you know, we're looking for trends rather than absolute numbers. And | move
them away from that — you know, the fact that if you hit 8 or if you hit — you know, it’s not an
absolute number.

INT: OK that’s what my next question was going to be: whether there was any particular . . .
U9: In my mind there are absolute numbers, but | would never tell the patient that.
INT: / see, I see. In your mind, what absolute numbers?

U9: Well there’s a lot of talk about the PSA over 10. But of course it depends where it's come from,
and so the rate of change is more important.
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Further exploration of what constituted a significant trend in PSA rise revealed a range of responses,
although all but one clinician framed this in terms of PSADT. Reported thresholds for ‘concerning’ doubling
time ranged from 2 years to 5 years across interviews. Despite the presence of protocols at some sites,
individual urologists’ thresholds for doubling time still varied. For instance, all clinicians below were
interviewed from a single site, which specified doubling time in its protocol for considering

radical treatment:

U2: In theory it’s the doubling time in 2 years | would say.

U3: So PSA doubling time is the main thing that we use here, so PSA doubling time of less than
3 years would be broadly speaking be the kind of cut off for us.

US: Well anything under 5 years is considered significant.

A number of clinicians were vocal about the uncertainties surrounding the thresholds they used, explaining
that these were fairly arbitrary:

Also we calculate PSA doubling time and again, nobody knows what it means.
uTt

There were also variations in how clinicians arrived at doubling time values. Some calculated this mentally,
some estimated by looking at the gradients of graphs, whereas others were able to generate values using
computer software (available on site 2 systems only, but accessible via the internet by clinicians at

other sites):

Yeah, we don’t work it out . .. | mean, you eyeball it.
U6

Yeah, so you need it to be done for you and the result software that we have does that.
U3

Although less frequently reported, a number of clinicians talked about comparing actual PSA readings with
expected readings, based on the assumption that PSA values would theoretically increase by 5-15% a
year as a result of benign prostate hyperplasia (an approach based on similar principles to the reference
ranges for men without PCa shown within the AMS). PSA figures that deviated from this extrapolation
were considered to be worth investigating if confirmed on repeating the PSA. These clinicians emphasised
that they would not act on one PSA reading alone:

[. . .] forgetting the cancer, the benign component will give you a rise in your PSA of something
approaching 10% per year. So if they're broadly in that line. . .[...].. .well a jump in the PSA, whatever
that means, would alert you to do something different, but the first thing would probably (be) to let
a little more time go by, maybe another month and do another PSA on the proviso that they’ve got no
other symptoms.

Ut

Finally, clinicians reported that patient choice was one of the main triggers for moving men from AS to
treatment. This was thought to account for a substantial proportion of cases where men had moved off of
AS, and was reported by most clinicians at some point during the interview:

One in five of them will have to move because their disease will change, but also that probably up to
another one in five will move because they become unhappy with the concept of Active Surveillance,
so roughly half of the people who drop out of Active Surveillance, drop out from good pathological
reasons; half drop out because psychologically they haven’t been well enough prepared and people in
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the family have a go at them and you know you tell somebody they’re on fire, they want a fire
extinguisher to put it out, tell somebody they’ve got cancer and they want an operation.
ui

Patient choice and empowerment are notions that are promoted across the NHS. However, there was a
sense that these were particularly important in running a successful AS programme. Clinicians stressed that
one of the key goals of AS was to improve quality of life. Anxiety over PSA testing or disease progression
could counter the benefits of avoiding radical treatment and its side effects; as such, patient anxiety or
distress was a key trigger for considering alternatives to AS:

And, you know, if you’re going to make this decision to have no treatment, you've got to be
comfortable with it or we have actually created a problem, not solved a problem. It is all about their
quality of life and their length of life, and relative between the two which one matters most.

U9

Clinicians’ accounts suggested that patients’ choices were central to shaping treatment decisions in their
practices, but this was also regularly reflected in clinicians’ responses to vignettes, particularly where a site
protocol was not available (site 2). Accordingly, evidence of a pattern emerged at site 2, whereby
responses to hypothetical scenarios were often non-specific and shaped around patient choice foremost:

All these things, there are no cut-offs. All a continuum and, you know, we have the parameters that
we use to help make a decision, and then the patient will — will decide.
U8 (in response to a vignette)

By contrast, although clinicians from site 1 (where there was strong adherence to a protocol) also
discussed patient choice as a key decision-making factor, their responses to vignettes were often more
concrete and definitive than those of clinicians from site 2 and were framed around the clinician’s
opinion foremost:

I mean if he’d been biopsied at a year and then 2 years, we'd probably have three or four lots of
biopsies now and if they all showed Gleason 6 low volume then even with this rise in his PSA — if he’s
happy — I would continue monitoring with active surveillance.

U4 (in response to a vignette)

The idea that clinicians at sites without an AS protocol placed greater reliance on patient choice is a
hypothesis that warrants further exploration. It was certainly apparent that notions of patient preference
and involvement were more emphasised at site 2, where clinicians were more explicit about the
uncertainties surrounding their AS programme.

Men'’s views and experiences of current active surveillance practices

Interviews presented an opportunity to build an understanding of how the experience of undergoing AS
impacted men’s lives. Men’s narratives overwhelmingly indicated the relative ease by which they continued
with their day-to-day lives, undisturbed by any practical, physical or psychological implications of their
cancer diagnosis:

Um [pause] I'm (yeah just?) learning to live with it. | don‘t even think about it.
P13

It should be borne in mind that the sample of participants interviewed were not only ‘low-risk’ PCa cases,
but may also have represented men for whom AS had been a relatively smooth experience. However,
men’s reported low anxiety appeared to be a measured response to how they understood their particular
form of cancer and their confidence in the care at their disposal. Appendix 3 sets out a more detailed
account of men’s perceptions of having ‘low-risk’, ‘non-aggressive’ cancer, which in turn stemmed from
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their interpretation of clinicians’ verbal and non-verbal cues when discussing their disease status. Further to
this, men drew great reassurance from the process of follow-up in AS. Men'’s apparent relaxed attitude
prevailed despite awareness that their cancer could progress and that AS was not a permanent
management plan. Nine men associated their ‘relaxed’ state of mind with their knowledge that they were
‘in the system’ and ‘cared for’:

So, you know, if something was to go, you know, badly wrong, then, I'm in a good place, really.
[Slight laugh]

Most of the men who discussed this theme had limited, if any, experiences of PSA values that warranted
re-evaluation of their treatment plan. However, the theme was also apparent in one participant’s account
of a period where his AS plan was under question:

Um, all right, | suppose when the thing’s, the PSA, started to go up, moving up to 12, whatever it
was, they were talking about it. But even [. . .] that really didn’t concern me. Because if you like, | was
in the system. It was being observed.

Men’s awareness of uncertainty in follow-up protocols

The uncertainties inherent in clinicians’ descriptions of follow-up protocols in AS were largely absent in
men’s interviews. There was a general tendency for men to look towards their clinicians in matters relating
to the frequency and nature of their follow-up, placing complete trust in those overseeing their care:

My, my attitude is [clinician] is the man who knows. If he’s happy with what he sees and he’s happy
to keep carrying on the way we are with the active monitoring, I'm happy as Larry.

There was little evidence to suggest that men had experienced or been influenced by uncertain follow-up
protocols or inconsistencies in clinicians’ practices. This may have been a consequence of some men
consistently seeing the same clinician or of the possibility that clinical characteristics of the patients
interviewed had remained in a zone in which clinical opinion was consistent and/or PSA values were
relatively stable. There was one exception, where one man and his partner had recognised inconsistencies
in clinical opinion with regards to discussion about the usefulness of DREs and frequencies of biopsies:

They're all, I'm sure, very experienced nice people. But they all seem to tell a slightly different
thing [...]. There was one man who said the DRE was as important as the biopsy. And he said that's
what would trigger me into action. So they do seem to have slightly different ideas.

One thing that they can’t seem to make their mind up about is the frequency of
biopsies. [...]

The above case was the only example of a man’s awareness of the uncertainties overlying his care. On the
whole, men appeared relaxed and confident in the care and follow-up they were receiving.

Men'’s understandings of follow-up protocols

A key theme to emerge from men’s accounts of being followed up in AS was their expressed
understanding of the need for multiple tools to inform clinical follow-up. This was most evident in the
widespread understanding of limitations in PSA testing and the subsequent need for other follow-up tools
(e.g. DRE and rebiopsy). All bar one participant showed awareness of the limitations of the PSA test. Three
of the dominant themes to emerge included the idea that (1) PSA testing is an indicator rather than a
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direct measure of disease; (2) variation in PSA values may relate to causes other than cancer progression;
and (3) there was controversy surrounding the meaning and interpretation of PSA measures:

INT: How do you view this PSA figure, then? What do you see its function being?

P1: As one of a number of possible indicators. It seems to be, it's the one that seems to me to be
most easily measured.

P9: The nurse who does my PSA tests, her husband had a huge um PSA score but didn’t have any
problems at all. No, no sign of cancer.

P2: I've heard in the past that doctors don’t want to do the test. Because it's a vague test and you
might get a false negative, you might get a false positive.

P6: And it is variable. | mean in this country anything above two is considered going up. In America
they don't start even considering anything until it’s four or five.

Men from all sites had a clear understanding that rises in PSA were not necessarily indicative of cancer
progression and were aware of multiple non-malignant factors that could affect PSA readings:

I've accepted it because actually, it's a guide and it's a guide only in terms of what may or may not be
happening. And | suppose that idea is reinforced by the fact that | know to a certain extent | have
been able to control my PSA readings by doing or not doing something. And they’re also saying
prostatitis muddies the waters on your PSA. We don’t know the impact of it. So for me it’s like, I'm
just going this is just a broad quide that is applied to my situation. And for me, there is a personal
challenge in seeing how low | can get it.

P15

In light of the known limitations of PSA testing, men generally welcomed the addition of DREs and regular
rebiopsies (although there were some exceptions, as reported below).

Men's acceptance of follow-up practices

All men participating in this study regularly saw urologists in outpatient appointments. Although they
generally valued these interactions, some gave a lay cost—benefit analysis of the practicalities of attending
outpatient appointments versus the content and duration of the interaction with the clinician. Men'’s
unprompted descriptions of their experiences of outpatient appointments were strikingly similar, portraying
consultations as a brief chat about PSA trends, occasional DREs, with some exploration of how the man
was feeling:

No they, they just glance at my PSA and say how are you feeling, and | say I'm fine. Any problems?
No. [...] Thank you very much. Goodbye. It's probably as quick as that. | can be in and out.

P6
Generally, men were not able to be precise about how frequently DREs took place. Based on their
experiences alone, DREs appeared to be spontaneous events. This may have either been a reflection of
differences in individual clinicians’ practices, or deviation from AS protocols (if these existed):
Yep. Sometimes they say oh, [...] pop up and they’ll just [. . .] check you out.
P10
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A number of men who had experienced brief interactions with clinicians in outpatient appointments
(with no DRE) questioned the value of face-to-face consultations, in light of the resource and practical
considerations for the patient and the NHS:

P9: There's a school of thought that says do they really need to do that, because at 6 months all
they’re looking at, really, is the PSA levels and asking me how | am. You're just wondering whether
these are necessary, you know, to bother a busy consultant.

P1: If we were OAPs without resources, being able to drive, or be driven, and can afford to go in. Pay
the car parking . .. then those meetings, you would really question the value of going in, while we
were on active surveillance, if it could be done on Skype or on a phone.

P2: And | find it a bit of a waste of time really. Because . ..
INT: Right. The digital rectal?

P2: No. No. The fact that they don’t do that every time. | mean | go out there, | know what my PSA is
because | phone the doctor up and find out. | know if it’s gone up [...] and if they're not going to do
an examination, we're just going to talk about the PSA, then | can work that out for myself. Or if they
decided from their point of view that they wanted to speak to me, then perhaps they could send me
an appointment.

The issue of rebiopsy in AS follow-up elicited strong views among some of the men interviewed (often
simply referred to as ‘biopsy’ during interviews). For the purposes of this discussion, all references to
‘biopsy/rebiopsy’ refer to transrectal ultrasound-guided biopsies that took place as part of the

AS programme.

Men'’s understandings of rebiopsy were based on a combination of their responses to vignettes and
reflections of their own experiences. In terms of their own experiences, most described the procedure and
its after-effects as unpleasant, with descriptions ranging from discomfort to extreme pain:

No. All right, not the best of things. A bit uncomfortable, but could be worse. [Laughs]
P2

Oh the sheer pain. And the horror and indignity of it. | don’t know whether it was him, but he was
just so rough. It was just [...] un [...] believable.
P16

Despite this, men generally accepted rebiopsies, perceiving these as an essential component of AS. This
widespread view went hand in hand with awareness of the limitations of relying on PSA measures alone
and the view that rebiopsy was the best available indicator of cancer progression. Similar to clinicians,
patients’ responses to vignettes often culminated in the conclusion that a rebiopsy would be required:

Yeah. | mean, | think the PSA is not to me, a fixed, sort of, super accurate measurement. So | think,

the biopsies are much more important as far as I’'m concerned.
P13 (in relation to paper presentation of Mr Smith vignette)
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Although men described rebiopsy as the most accurate indicator of cancer progression, rebiopsy was
also the single intervention that some men had declined. Four of 20 men reported refusing or refraining
from at least one rebiopsy that was scheduled as part of their AS plan, either because they felt the
benefit did not outweigh the risks of side effects or because they fundamentally disagreed with

the protocol-driven nature of such an invasive intervention. Some of these men had experienced side
effects from earlier biopsies:

And | said, you know, I’'m not going this route again. OK, biopsies, like the way I've had them taken,
is not gonna be an option. If I'm going to get this sort of impact from it, it’s not worth the pain
and — because | don’t get any pain from the cancer, | don’t wanna go there [...]. Why have a
procedure that actually causes you more grief and pain than er . ..
P15

Two men disagreed with the protocol-driven nature of rebiopsy, preferring a more targeted approach.
In particular, one man felt his PSA readings did not support the need for rebiopsy:

My last consultation was in July. After the 3.9 came back. Which | was pleased with and my doctor
was pleased with. And they said ‘Right, we want to run some more biopsies.” And | said, ‘Well | don't
agree,” and | told them specifically no | don’t agree with this.

P6

Men who had refused or delayed rebiopsy felt that they would resort to this intervention if their PSAs
values started to cause concern. This was also reflected in responses to vignettes:

I mean his PSA tests, well, with taking a look at that [mid increasing trend] sort of level | would maybe
begin looking at maybe another biopsy.
P6 (in relation to paper presentation of Mr Evans vignette)

All four men who had refused/delayed rebiopsy had expressed knowledge that PSA was not a fail-safe
measure of PCa extent or progression. Paradoxically, however, relatively steady PSA values appeared to
offer sufficient reassurance to refrain from rebiopsying:

I know it’s my decision not to have it at the moment. But I've had to try and balance the odds and
look at the statistics and say while my PSA’s reasonably stable and all that sort of business, then that’s
fine. If my PSA had gone up [...] even that [.. .] it's a significant but a small amount, | would've just
said ‘Right, OK, | now understand I've definitely got to have it.’

P9

It could be that | was also extremely lucky and | actually have terrible cancer and they only found one,
tiny core. But then the PSA level would reflect [. . .] that fact. So | think it's taking a look at both
things, and using a bit of [. . .] common sense, if one dare say.

P6

Some men (n =7) talked about magnetic resonance imaging (MRI) scans as an alternative to rebiopsy.
Two men had heard of new developments in MRI scanning from peers and the media and intended to ask
clinicians about this possibility. The remaining five men were aware that this was not routinely available in
their current NHS trust. Only one of these men (P1) had directly asked his clinician about this. P1 had
accepted the clinician’s response that there was not yet sufficient evidence to support use of MRIs,

but also appreciated the clinician’s explanation that resource-related issues may prevent access to

this technology:

And he was very, very honest. You know, | was able to anticipate with saying, you know, what they're
able to do in [a leading research hospital], and what we're able to do in the [current location] may be
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different in terms of both, you know, the finances involved, and the equipment, the availability.
And one understands that, of course.

P1

Other men assumed that MRI scanning was not routinely available owing to resource implications,
although one of these men (P15) had received an MRI scan on one occasion.

Men'’s triggers for moving off active surveillance

Men'’s potential triggers for moving from AS to radical treatment were explored through direct questioning
and discussion of vignettes. For most men, the decision to move off AS would be directed by the
clinician’s recommendation:

I asked him, last time, because I've made that decision, does that hang over my head for years? Or do

they say you should really be thinking of the next . ..? And he said oh, he said straight away, he said

‘oh no. That’s my job,” he said. ‘I'll tell you when you get to a point when you should be rethinking it.’
P7

P12 (in relation to paper presentation of Mr Evans vignette): I'd still probably want to wait. A bit.
Yeah - see if that trend continued, probably for another [. . .]

INT: Would you have a cut-off point?

P12: Yeah, that's, it's an interesting question. Because that’s the tricky one, isn’t it. That's what the
doctors have to always judge. Yeah.

In many cases, men did not engage with the prospect of making these decisions themselves, indicating
that they had never given their personal triggers consideration. For example, the participant below framed
his response in terms of what the clinician may or may not do, despite being asked about his triggers. This
style of response was typical of men, reinforcing the idea that they viewed clinicians as the principal driving
force behind such decisions:

INT: Yeah. Do you have any inclinations as to what might be a trigger for you, as an indication that it's
getting worse? | mean you mentioned a sudden kind of jump up in PSA.

P14: Yes. Well, I'd be guided by them. | mean if they said, ooo yes, your PSA’s gone way up, you need
to [...]. Well I imagine they wouldn’t um — they’d do another examination. They wouldn't do anything

Just based on the PSA level. They'd have to come and have another look at it.

A few men were more specific about triggers that clinicians had previously mentioned, but, even in these
cases, the responsibility for such decisions was squarely placed on the clinician:

P17: I think they said they don’t [. . .] broadly consider surgery until it hits 10. Something like that.
10 to 12, I think it was they said.

[Later]
INT: You mentioned a PSA of 10. If you did hit that, what do you think you would do?

P17: 1 mean, again, I'd be looking to be quided by the consultants. | mean that’s what they’re there
for. In my view.
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Two other men were distinct from others. Although both suggested that clinician input was important,
they had clearly given some thought to their personal thresholds, although these were expressed in very
vague terms, without mention of PSA values:

I sort of think my body would kind of let me know if things were getting a bit serious [.. .]. | am one
of these super-sensitive body-aware types.
P13

P6 (in relation to paper presentation of Mr Jones vignette): If you're 55, it's certainly — it’s not
something that | will consider unless I really, really had to.

INT: That was going to be one of my next questions. Under what conditions do you feel you might?
P6: If they told me it was life-threatening.

INT: If they told you?

P6: Yes. Or I thought it, myself, was life-threatening.

The overarching theme of ‘looking to the clinician’ in decisions regarding staying on/moving off AS was
further reflected in men’s descriptions of their own experiences of receiving and interpreting PSA test
results. The dominant theme in men’s accounts was the focus on how clinicians interpreted changes in
their PSA values. The data presented here were all taken from unprompted accounts; although men had
not been asked what their clinician thought, 12 participants spontaneously referred to following the
clinician’s lead in interpreting PSA values:

I mean, because | mean it's ... it's not worried me because | know that it's pretty steady and | get
reassurance — you know, if, when | go in and the guy, the consultant says, well it'’s pretty steady
around about three. We're happy with it. And I say, well I'm happy with it.

P9

Well, I haven't the faintest idea what my PSA results are. And to be honest, at this stage, I'm not really
bothered — as long as the monitoring is OK and things are picked up. That's fine by me.
P19

It was clear that patients’ impressions of clinicians’ attitudes were integral to shaping their overall picture
of how well they were doing on AS:

Well yeah, the last high point was when he said that you're 4.2. And he said for a man of your age,
now this is a brilliant result.
P5

I’'m back exactly where | started. So I, I've done that. My graph goes that way. So they’re quite chilled
out about me.

P15

They seem happy. So if they’re happy I'm happy.
P14
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The above patterns were also apparent in men’s descriptions of rises in PSA. The men below framed their
accounts of experiencing a rise in PSA using recollections of clinicians” explanations:

And then it came up to 3.5 and then 3.6. But the doctor said, you know, those little bits that can be
anything can trigger that. Nothing to worry about.
P3

| suppose it is creeping up. Over 2 years it’s probably gone up about [...] 3 decimal points, | suppose,
something like that. But I'm told that’s quite normal.
P9

There were a few examples where men had picked up on subtle, sometimes unspoken, cues from
clinicians to piece together an interpretation of their suitability to continue on AS. For example, the
participant below interpreted the clinician’s body language and physical actions within the consultation as
an indication that there was nothing to be concerned about; similarly, the man represented by the quote
below this reported what he perceived to be a change in his clinician’s attitude in the last appointment he
had attended, leading to some anxiety that his cancer had progressed:

You, ‘cos you tend to look at them and, you know, and if you [. . .JThink I'd say, you know, | think
they’re probably quite good at hiding things, but you know, they all seem to be quite, you know. It's
Just a case of going in, PSA levels look good, you know. And they’re writing it up, actually, as they're
talking to you. And you think, well, it can’t be anything too bad while they're . ..

P9

It’s his phraseology was different this time. Umm it's 2.9, now and it has been going up slightly, this
last year. Or something like that. And his — he mentioned the word cancer, which he never did before.
P18

Finally, although men generally looked to the clinician to interpret their continued suitability for AS, many
were aware of the types of triggers their clinicians looked for. Men'’s spontaneous accounts of what

their clinician may be concerned about have been outlined in Appendix 3. Regardless of this knowledge,
all of these men still maintained that the final decision to stay on or move off AS would be based on a
discussion with their clinician.

Conclusion

A key finding from this study was the considerable uncertainty experienced and expressed by clinicians and
men. Uncertainty emerged in relation to the underlying evidence base for optimum practice in AS and
clinical decision-making in practice. Key areas of uncertainty included decisions surrounding who should be
offered AS, optimal AS follow-up protocols and decisions relating to when it is appropriate to consider
moving from AS to radical treatment. This uncertainty was reflected in clinicians’ tendencies to refrain from
being specific about clinical parameters and the variation in clinical practice that existed within and
between institutions and individual clinicians.

Men on AS were well informed in relation to the clinical uncertainties surrounding the value of PSA as a
prognostic tool, and most accepted the value of follow-up combining PSA measures, DRE and rebiopsy. In
general, men used their clinician’s verbal and non-verbal cues to conceptualise their diagnosis and current
PCa status and placed a great deal of trust in their clinician when it came to making potential decisions
about moving on to radical treatment. However, some men used favourable PSA trends as justification for
decisions to refuse certain elements of AS follow-up protocols (rebiopsy), despite understanding that PSA
was an imperfect indicator of cancer status.
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Clinicians and patients well understood the limitations of PSA as a monitoring tool, and, yet, patients were
mostly not particularly anxious or concerned about this. Patients indicated that they trusted the clinicians
to advise them appropriately. Clinicians expressed their concerns and anxieties to some degree in the
interviews but seemed not to have transmitted these to patients. Future studies should use observation
methods and/or audio recordings of routine AS follow-up appointments to consider the content of
discussions to investigate this further (see Chapter 9 for further future research recommendations).
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Chapter 7 Qualitative study: clinicians’ and men's
views on the active monitoring system

Introduction

This chapter will consider clinicians’ and patients’ views on the AMS, addressing the following objectives of
the qualitative study (as reported in Chapter 6, Introduction):

® to explore clinicians’ and patients’ views on how the AMS compares with current practice
® to investigate which presentations of the AMS are most acceptable to clinicians and men.

What follows is a brief introduction to each of the AMS reference lines that feature in the findings. For
ease of reading, the reference lines will also be referred to by their colours. The AMS consisted of three
reference lines, as shown in Figure 9:

® the ‘upper reference range for men without PCa’ (orange line)
® the ‘predicted PSA for a man without PCa’ (blue line)
® the ‘predicted PSA for a man with PCa’ (green line).

The black lines show the PSA results for the relevant vignette [(1) Mr Smith, (2) Mr Jones or (3) Mr Evans].
As discussed in Chapter 6, the AMS allowed for addition and removal of the above reference lines, thus
allowing the researcher to explore different presentations of PSA data within the system. These different
‘presentations’ refer to different relationships between reference lines and hypothetical data.
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FIGURE 9 Active monitoring system.
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Methods

Please refer to Chapter 6, Methods.

Results
Details of the sample and presentation of data can be found in Chapter 6, Results.
Clinicians’ views on data presented in the active monitoring system

Clinicians’ views on the upper reference ranges and predicted

prostate-specific antigen for men without prostate cancer

Clinicians expressed mixed views about the value of having data relating to men without PCa presented in
the AMS. Two out of 18 clinicians/nurses could not see the relevance of these data for a system targeted
at men diagnosed with PCa:

But if you know they’'ve got prostate cancer | don't think you need to know what the normal range

would be.
ui1s

Others tended to take a broader view of how the data for men without PCa could be used in practice,
particularly in the earlier stages of AS for newly diagnosed men. All of these clinicians viewed the predicted
PSA and upper reference range for men without PCa as having the potential to reassure patients but felt
that these data were of little relevance to their own decision-making.

Reassuring patients with and without prostate cancer
Two clinicians felt that one advantage of the ‘predicted PSA for a man without PCa’ (blue) line was its
potential to visually demonstrate how PSA naturally rises with age:

U2: I'm just trying to imagine myself in a consultation with a patient.
INT: And would that apply to all of these then?

U2: Yeah, no | think in general for patients who you're trying to explain their PSA. Also the nice thing
about this line is it’s going up, OK that says a short timescale but again it would help to explain that
PSA naturally rises.

Three clinicians suggested that the blue line could be used to reassure men referred by their general
practitioners (GPs) for further investigation that they did not need a biopsy. According to two of these
clinicians, the fact that the line has a slight gradient, demonstrating age-related increases, was thought to
be key to this:

You could say that, because we see a lot of men who've had PSAs over the years and suddenly their
PSA has reached a threshold where they get referred, but just ‘cos their PSA has reached the
threshold, it may be going up on this nice blue line, and actually they don’t need another biopsy,
they don’t need any biopsy at all. Their PSA is just going up on the curve that you'd expect.

ue
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Two clinicians felt that the blue line did not present any additional information to what they already used
in practice. Similar to the above, these two clinicians also believed that age-related PSA values could
reassure patients but commented that they already had access to and used these data in their current
practice (although not graphically). The AMS therefore added little in terms of additional information:

U4: In a way we kind of already do this by just looking at the ... by knowing what's age-related
reference ranges for normal men.

INT: Yeah, so you just have that . ..
U4: We kind of have that information in our head, yeah.

Finally, one clinician felt that the ‘upper reference range for men without PCa’ (orange) line was also a
powerful visual aid for reassuring men that they do not have PCa:

| suppose it would be a useful line to illustrate to patients your PSA is still pretty damn low sort of
thing and when you're trying to diagnose the disease then it’s a bit more useful. So your level’s still
very low, your biopsies are negative, this is where you are, 90 however many per cent of men have a
PSA below that level, which is you won’t have cancer, so it fits in, it would help in that respect.

Uz

Clinicians’ views on showing the predicted prostate-specific antigen for man

with prostate cancer

The "predicted PSA for a man with PCa’ (green) line was often the sole focus of the AMS for clinicians who
ignored the data for men without PCa, seeing the latter as irrelevant:

The green line would be the key one, because you're talking about men with prostate cancer.
0/9)

Most clinicians’ ideas on how the AMS could be used in practice were voiced with reference to the
green line.

Following the line showing predicted prostate-specific antigen for men with

prostate cancer is reassuring

Four clinicians suggested that having values in alignment with the line showing predicted prostate-specific
antigen for men with prostate cancer (green line) could be reassuring to men on AS. Having a man follow
this line was thought to create a sense of being in control, in that it suggested that the cancer is behaving
in a predictable way:

U3: The green one is useful because | guess that’s kind of what we’d be expecting it to do if it is the
disease that we think we've got [. . .].

INT: What do you think would be particularly reassuring about it to the patient?

U3: Well if we're saying that, which you would have been for a number of years, that according to the
type of tumour that’s been found this is what one would expect then that’s really what the green line
is giving isn't it.
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The influence of the line showing predicted prostate-specific antigen for men

with prostate cancer (green line) in clinical decision-making

Four clinicians made specific reference to the green line when discussing implications of the AMS for
clinical decision-making, although only one of these clinicians felt that the green line would influence
decision-making. This was the only clinician to express enthusiasm for the AMS'’s capabilities to
influence clinical decision-making:

[. . .] that green line is really useful for me and I've not seen that before, maybe | should
have but . ..

No [ think that'’s . . .

That would be a real help to have in MDTs [multidisciplinary teams] and it’s probably only been
the last couple of years or even less than that we have had a pathology blood system that’s shown us
a graph of PSA and doubling time and that’s made a massive difference in clinics to looking at things
as sort of a visual aid, and this just takes it that step further, and | think in practice for me excluding
the patient before they come in, that would be really helpful and in helping to explain things to some
patients | think would also be useful, but it’s biggest use would be for me as the clinician and for the
MDT and follow up of patients would be great.

An examination of this clinician’s response to the paper-based and AMS-based vignettes showed that

the AMS did not drastically alter decision-making, but served a confirmatory purpose. The section

of the interview that follows suggests that viewing the PSA values plotted as a graph (‘black line’) had the
biggest impact on how he interpreted the vignette, whereas the green line provided further justification
for initial reaction to the PSA trends:

How is this different — having it in this
format? So I think you mentioned you had a graph didn‘t you?

Yeah, | would have the graph so | presumably would have the black line [showing Patient PSA
values] there which actually. . . that in itself, looking at that black line now, compared to looking at a
table — [. . .] would have worried me perhaps more than the figures that | looked at earlier. So | think
the black line itself, which | have anyway, would have concerned me, but the additional information
you have on there [showing predicted PSA for man with PCa] is really useful also because that’s
showing that he’s going probably twice as fast as someone on active surveillance — so the additional
information I've got there is ringing alarm bells to me so [ think it would be useful.

All other clinicians who talked directly about the implications of the ‘predicted PSA for a man with PCa’
(green) line felt that this information alone was unlikely to change their clinical decision-making. These
clinicians all emphasised that it is currently not possible to know the implications of following or digressing
from the green line in terms of predicting long-term clinical outcomes for the patient, because long-term
outcomes of patients on AS are not yet known. As a result, it was not possible to know the implications of
following or deviating from specific PSA ranges. This was framed as the main limitation of the AMS:

But what am | actually going to say to the patient?’ Oh that means that you're typical of a man who'’s
got cancer?’ It’s not telling me — this green line isn’t of a cohort who go on to die of cancer, is it?
Because you can say here, ‘You’re Mr Average prostate cancer active surveillance man.’ But at the end
of the day, we've still got to tell them, we’ve got to admit, really, that there’s never been a good trial
that shows that the outcomes of active surveillance, for the ones that progress, are as good as if
they’d had treatment in the first place. Which is a kind of Achilles heel of the whole concept.
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The clinician below was also aware of validation issues and current uncertainties surrounding PSA
behaviour in PCa. Nonetheless, the green line was still branded as ‘useful’ in the sense that additional
information was always welcomed, particularly in an uncertain field:

| was just thinking about your green line [showing predicted PSA for a man with PCa] when | was out.
Because it’s not validated it might just be encouraging us to do more biopsies that are not necessary.
But I still think it’s — it's useful. We need as many tools as we can get. We don’t know whether any of
them are useful at the moment, but hopefully in the fullness of time we will get that information.

uio

Relationship between lines: reassuring patients that they have ‘low-risk’ cancer

Clinicians felt that the AMS could be used to reassure men on AS by focusing on the relationship between
lines. In particular, clinicians talked about demonstrating how close the ‘predicted PSA for a man with PCa’
(green) line was to the ‘predicted PSA for a man without PCa’ (blue) line, thereby demonstrating the
relatively low-risk nature of a Gleason score of 6 cancer (see Figure 9). In other words, the AMS allowed
for a visual ‘normalisation’ of a Gleason score of 6 disease:

And what that says more than anything else, that is saying that the insurance companies are right,
Gleason 6 is not a proper prostate cancer, or rather, let me rephrase that, low-volume Gleason 6 isn't
proper cancer, it is a condition that changes what the man in the street regards as cancer in a
percentage of people. You know it's a pre-cancerous state or something or it's, you know it’s not,
cancer to the man on the street is something that will spread to the rest of his body and Kill him.
Low-volume low-rate prostate cancer rarely ever spreads and rarely ever kills anybody — and that
backs it up.

Ut

Four other clinicians gave similar views on how information about average PSA levels for men without PCa
could be used to reinforce the idea that AS is the correct management route for men with low-risk PCa.

It was noted that all clinicians who held this view were from one site, described by clinicians themselves as
being particularly positive about AS:

Well | think what it confirms is actually that the men with prostate cancer — the green line [showing
predicted PSA for a man with PCa] — is very close to the men without prostate cancer and therefore
hence why they’re the ones we probably don’t really need to be worrying about too much as long as
we just keep a close eye on them and maybe with the benefit of time we’ll realise that we don‘t need
to worry about them at all.

U4

Two of the five clinicians felt that the ‘upper reference range for men without PCa’ (orange) line was
potentially reassuring for patients with low-risk cancer, simply because it could help to put their PSA into
context. Clinicians expected patients to react positively to the idea that their values are still below a line
associated with men without PCa:

In some ways that might be more reassuring for patients because you're saying actually you can
have your PSA this high even if you don’t have cancer, so and when patients only really think about
PSA because they’re not thinking about the biopsies and what we find when we examine them,
they’re worried about their blood tests, that orange line might actually be reassuring for patients to
show them.

U4
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Clinicians only interested in actual prostate-specific antigen line

Two clinicians could not see any benefits to having reference lines displaying average PSAs, explaining how
the individual patient’s data are all that one would be interested in analysing. This idea went hand in hand
with the view that each patient’s trends and rates of change, rather than absolute values, would be the
underlying factor informing decision-making:

Yeah, and aqgain the (reference) lines here are helpful in terms of saying to the patient where he
lies as sort of an average patient. But as | said to you the difficulty with these is that there is not a
direct correlation always and these are individual patients.

Yeah, of course.
So it's helpful yes but you‘ve got to qualify what you see on the screen with each patient individually.

One notable observation about clinicians’ reactions to the AMS-based vignettes was the frequent tendency
to focus on the hypothetical man’s actual PSA values, without consideration to the reference lines.
Clinicians sometimes needed prompting to focus on what value the reference lines added, rather than the
intrinsic merits of having a graphical representation of PSA values generally:

Would you find the cancer line helpful, do you think, so the men with prostate cancer and how
their PSAs tend to change?

Well I think a graph, plotted on a graph like that is better than looking at one on a table.

Importantly, most clinicians reported occasionally presenting PSA trends graphically in their standard
practices. Consequently, although graphical presentation of PSA values was not standard practice for all
clinicians all the time, it would not have been novel.

The active monitoring system as a whole: potential to influence clinicians’
decision-making?

The AMS was generally thought to be unlikely to influence clinicians’ practices or decision-making (with
one single exception, presented above). Some clinicians were explicit about this but tended to qualify this
view by talking about how the AMS could be helpful from a patient’s point of view:

Probably and I think, my personal view is that it would be more useful for patients than it would be for
me and | think it would help a discussion about what we would expect the changes in the PSA to be.

Clinicians’ main reasoning for expressing reluctance about the potential of the AMS to influence their
decision-making related to their uncertainty surrounding the role of PSA measurements in predicting PCa
behaviour. These contextual issues, relating to lack of evidence as to how reference ranges related to
long-term clinical outcomes, were thus perceived to be the main limiting factors of the AMS:

We don’t yet have good PSA data to show that it's a useful thing, so we’re just making it up at the
moment. And anything we can do to help improve that would be useful, which is why | tend to follow
a rebiopsy rate anyway pretty much whatever the PSAs do.

So, that might be helpful if you saw Mr Smith going along parallel with it, as a reassurance. Yeh, but,
my own practice, mirroring that of the big experts, is to do a repeat biopsy occasionally, to avoid
criticism as well as to help with evaluation.
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Clinicians’ views on the AMS were gauged by asking whether or not they would want to incorporate it
into their practice. Although responses were generally positive, the way in which this was conveyed
suggested the benefits of doing so would be limited. One pattern to emerge was clinicians’ suggestions
that they had nothing to lose by having access to the reference ranges, thus framing this as an additional
piece of information that could be of interest. There was a sense that having the AMS would ‘not hurt’,
but its value had yet to be proven:

No I like this, this one, it's nice. |, | think ... | don’t think ... if | had it it'd be nice. But if | don’t have
it it's still OK.
urs

Men'’s perspectives on data presented in the active monitoring system

Men’s engagement with the active monitoring system

Four of the 20 men did not engage with the AMS at any level. These men tended to change the topic of
discussion when asked for their thoughts on the AMS or produced closed responses. Further probing
tended to result in comments about men being solely interested in what their clinician thought, and/or a
disinterest in viewing statistics:

If you're shown the graph, and it, the doctor showed me this graph and said, ‘This is you.” You're
going to say, ‘Should | be worried or have you got everything under control?’
P3

The above group of men formed a minority. Most men become absorbed into the AMS following
explanation of what the lines represented. Five men found these data to be irrelevant to the way they
thought about their condition and the care they received. These men understood what the AMS was
showing but were solely interested in how their particular PSA values were behaving:

I mean effectively what this tries to bring is some sort of norm, isn‘t it. But for me it’s still kind of at a
personal level. | [...] It's almost like it’s saying, ok, this is this, but the average Joe is this [...] | would
probably base it on just on my own experiences of having the condition, | suppose, and what’s
happening with me. | think that would be more relevant than necessarily looking at what’s happening
on a graph to other people.

P15

The remaining 11 men saw some value in viewing their results in relation to the reference lines. Men
valued the additional information the AMS provided and welcomed the possibility of viewing their own
PSA results in context. For most men, this was purely an intellectual interest, but it still had potential

to reassure.

Importantly, men found it difficult to be specific about how the AMS could be practically used but
generally reported that they would not use the tool to make any decisions about their condition and

its management. These views were congruent with their tendencies to defer decision-making to the
clinician in their current AS follow-up (a key finding reported in Chapter 6). These views were more of a
reflection of men’s existing approaches to decision-making rather than a criticism of the AMS. There were,
nonetheless, some elements of the AMS that attracted men'’s attention and promoted discussion. The data
below are based largely on individual comments rather than on repeating themes.
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Men's views on the upper reference ranges and predicted prostate-specific

antigen for men without cancer (orange and blue lines, respectively)

A few men felt that the ‘predicted PSA for a man without PCa’ (blue) line had potential to be reassuring if
a man’'s values ran close to this reference point:

I think, | think if I'd [. . .] ever been too concerned about it all, then | would've been far less concerned
if I'd thought ‘yeah well this isn’t actually out of the ordinary.’

P10 (in relation to AMS presentation of Mr Smith’s vignette where man’s

PSA values run just above the blue line)

The orange line was seen as potentially reassuring or alarming, depending on if figures fell below or above
the line:

Well | think it’s very interesting, the 95th percentile line. Which shows, you know ... that, in a way
it's a reassurance, isn’t it?
P4 (in relation to AMS presentation of Mr Smith’s vignette where man’s
PSA values fall below the orange line)

P4 [in relation to AMS presentation of ‘Mr Jones’ vignette where men’s PSA values exceed the orange
linel: Well, the fact that | was exceeding, you know, 95, you know — there’s only, we're in this very
tiny 5% aren’t we?

INT: Yeah. | see. So the fact that it peaks above it?
P4: So if I'm above there, oh heck, | really am in trouble.

The fact that the orange line was visually the highest reference point may have played a part in shaping
men'’s reactions:

And (he’s) nowhere near this threatening sort of red line [reference to the orange line] that, you
know, you could get up to.
P7

One man suggested that the mere spatial arrangement of lines would be sufficient to influence his
interpretations of plotted PSA values. The fact that the orange line simply existed as the highest reference
point ran the danger of making men complacent as long as they fell below this:

I’'m not quite sure about this 95 line, whether that's helpful or not. [. . .] Because there’s a danger that
it distorts your thinking. Because you think ‘Oh I'm a way off a risk, high risk level’, when that might
not be true. | don’t know.

P14

One man considered the value of the orange line in relation to the blue line. The message that PSA values
in men without PCa were so wide-ranging was deemed reassuring, as it further reinforced the man'’s
pre-existing ideas about the limitations of PSA values when it came to monitoring cancer severity or
progression. This man was keen to minimise the ‘life intrusion” of routine PSA readings; this additional
knowledge seemed to justify this stance:

Oo gosh. That’s a really good one. | think — well it's made me think that actually made me even less
anxious about PSA than | was. Which wasn't terribly . . . because it’s more kind of random than |
thought, in a way. Not random — that’s the wrong word. More variable than | thought.

P13
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Finally, similar to views expressed by clinicians, one man commented that the data on predicted PSA values
for men without PCa (blue line) were irrelevant to men who were aware of their diagnosis:

Umm, | don’t think that adds much [...]. Because, obviously, you would think that if you haven’t got
the cancer your PSA would be lower. Wouldn't it? So it shows it would be lower. So it's telling you

what you know.
P12

Men's perspectives on the predicted prostate-specific antigen for a man with

PCa (green line)

Similar to clinicians, the ‘predicted PSA for a man with PCa’ (green) line was the key reference point most
men focused on, mainly because this was perceived to be the most relevant to them, given their condition.
A recurring theme, discussed by seven men, was the reassurance associated with following the green line.
This reassurance stemmed from the idea that their PSA values were not ‘out of the ordinary’ relative to
other men in a similar position, thus giving them an opportunity to feel ‘'normal’:

P7: You see I'd find that one [green line] the most reassuring of the three.
INT: What makes it reassuring on that one?

P7: Because you're not far off the average. You know, you’ve got cancer. And you can’t get away
from that. Therefore you're looking at that green line. And you as an individual are pretty well
normal — if there is such a thing in that circumstance.

There was also a tendency for men to view the green line as an expected or anticipated trajectory, in a
similar way to which some clinicians perceived this line. Following the green line was reassuring in that it
gave a sense that a man's disease was behaving predictably:

Yes, well, | think seeing that I'd be less concerned. Because, you know, that’s, we're on the

expected trajectory.
P4

Shows you the normal, standard, and you can see whether or not you are more or less following the
same pattern. On the one you're showing, there, that chap is almost exactly following the standard
anticipated, and he’s still way below a level where it can be people without prostate cancer. | would

say that would be reassuring, if that was myself.
P6 (in relation to paper presentation of Mr Smith vignette)

One divergent case emerged in relation to men’s thoughts on using the green line as a reference point.
The individual below did not find the prospect of being a ‘typical cancer patient’ reassuring, possibly owing
to a desire to distance himself from this label; he reported that he would need to fall below the predicted
PSA for men with PCa to feel reassured:

P14: Because that’s the line of the average cancer person, you think: ‘That looks worrying that I'm on
the line, you know,’ [laughing] ‘I'm a typical cancer sufferer.” So | would worry. Yes.

INT: OK. So following the green line you would associate with concern?

P14: Er yes. | mean that may be totally unscientific but . . .
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Could the active monitoring system shape men’s decision-making?

Only one of the 20 men interviewed felt that the AMS could influence his decision-making about his
treatment. This man (P6) was unique in having taken control of decision-making throughout his AS
experience, from the initial decision to opt for AS through to making the decision to refuse scheduled
rebiopsies. This man was thus considered to be distinct relative to other interview participants.

The principal reason underlying most men’s reactions to the AMS as a personal decision-making tool
related to the attitudes uncovered throughout this chapter. Most men placed complete trust in clinicians
to dictate their follow-up protocol, interpret their PSA findings and make decisions about when it was
appropriate to consider radical treatment.

Men provided justification for why they felt that the AMS was of limited practical use to them, with
responses falling under three categories: (1) difficulties with interpreting the AMS; (2) trust in clinicians’
abilities to make the best possible decision for men; and (3) acknowledgement that decisions would not be
made on the basis of PSA alone.

Men’s difficulties interpreting the data presented in the active monitoring system
Three men were not confident in interpreting the information presented in the AMS:

I don’t know, really. | think I'd, I'd need an expert interpretation as to exactly what it means. But, it is,
you know, it’s of interest, to see that, those lines.

These men still engaged with the AMS, in the sense that they understood the general outline of what was
presented. This discomfort in interpreting the information presented may have been related to a more
general discomfort in reading graphs or statistics:

You're always . . . if you're shown the graph, and it, the doctor showed me this graph and said, this is
you. You’re going to say: ‘Should | be worried or have you got everything under control?’

Patients’ overall trust in the clinician

Although some men tentatively interpreted the vignettes presented within the AMS, this was always
expressed in terms of how they felt about the data (i.e. reassured or concerned). When probed to consider
their next action, the response was, generally, to look towards the clinician for guidance. Thirteen
participants explained that the decision to take action rested with their consultant:

No, | would still trust the people sat in front of ... because | can’t trust them then ... you know,

I'm not instantly a prostate cancer expert. So it'd be silly of me to start saying you got to do this and
I demand that.

Yeah, | think, | think it really would be done best with a surgeon. Or a, you know, specialist to discuss
it. ‘Cos | mean you could make any decision and you don’t know whether it’s the right one.

NIHR Journals Library



DOI: 10.3310/hsdr03300 HEALTH SERVICES AND DELIVERY RESEARCH 2015 VOL. 3 NO. 30

Men perceived prostate-specific antigen as one of many indicators
In line with findings described earlier, five men expected treatment-related decisions to be based on a
combination of factors, including DREs and — most importantly — biopsy results:

P9: You have to know the person. You have to know what the, the dialogue is with the consultant.
And you know, because it’s, they may well be, you know, healthy. They’'ve had the biopsies, and the
consultant’s quite happy with it.

[Later] INT: If you were this gentleman and you were actually trying to decide what you want to do
next, would these lines make a difference?

P9: Ah, no. Only if accompanied by a bad biopsy result or a consultant getting worried.

Men's views on potential uses for the active monitoring system

In general, men saw some value in the tool, even if this was simply to provide additional information.

A number of men suggested more specific ways in which the tool could be usefully incorporated into a
consultation, mainly for purposes of reassurance or explanation. Similar to clinicians’ views presented earlier,
one of these suggestions related to the early stages of joining an AS programme. In the example below,

the man felt that there was value in using the AMS to explain that PSA rises in men with and without PCa:

It might have been just useful just on the first consultation. Just to see that there are, you know, this
does happen [. . .], it goes up with men in that sort of rate anyway, and what we might be looking for is
inconsistency or a steady climb or whatever to worry about. But they kind of explain that, but without
the graph. You know the graph just might help them to help them to show it a little bit easier.

P9

Two men suggested that the AMS could be used as a visual aid to support the clinician’s recommendation.
In the example below, P12 emphasises the importance of the clinician retaining the decision-making
power. He goes on to explain how the tool could justify the clinician’s judgement:

P12: I know doctors will make mistakes — they are human beings. But | think | prefer a human being
judgement [.] than a hard and fast rule that a doctor feels he has to apply because otherwise he’s
going to be sued sort of thing, you know? So | would say there is a risk in being too hard and fast
with your decision tool. But it's, | mean, it is useful. | find as a man, the way I think, that's quite
helpful. But | would not like it to be the last. ..

INT: Yes. | understand. Just to really pin down your views a little bit more, how do you think it could
help you?

P12: I think it helps me to see the trend. This visible trend. It helps me to see where | am in relation to
the average, and | think it would help me to come to terms with a decision. If, for example, the doctor
said well, ‘now, you see this is, you're obviously in a bad state.” Receiving that information might be
easier when you can see that.

Clinicians’ and men’s views on presentation of data within the active

monitoring system

Some clinicians expressed concern about the potential complexity of information presented in the AMS
and the potential difficulties in trying to explain this within time-constrained consultations:

And you also have to be careful with patients because patients often don’t understand the nuances of
this, they don’t understand an average is an average so you’ve got to be very careful how you explain
these sorts of figures to patients, it can actually confuse them.

uz
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In contrast, one clinician felt that the potential to add or remove reference lines would enable him to pitch
the AMS at the right level, depending on his interpretation of patients’ comprehension of graph/statistics:

To the clinicians, brilliant, so | think the ability to have, as you just did, add them and take them away,
that would be a good thing. Because you might be just showing his line first and then showing the
average man with cancer as an add on, a build on — that might be the way to do it.

uTt

Men who provided comments on the potential benefits of the AMS offered little input into how the
presentation could be improved. A few insights emerged from the researcher’s observations of how men
interacted with the AMS. For instance, two men found it difficult to see the green line, and one man
viewed the orange line as red, a colour that can have ‘danger-' or ‘risk-"related connotations. If the AMS
were to be developed in the future, these issues will need careful consideration.

Although eliciting views on presentation was generally challenging, a number of men were able to suggest
additional information that they would have liked to have been displayed. These included Cls around the
‘Predicted PSA for a man with PCa’ (green) line, and the option to add in a line of best fit for patients’
actual PSA values:

P1: And if |, again, not very good on graphs, but if | were a statistician again or a graphologist [sic],
whatever he is, | would want to take mine — that black line — entirely separately and I'd want to work
out the average and reconfigure that, on that grid. My average. 'Cos this is my exact.

INT: Oh I see, yes. Oh, OK.

P1: Now because there’s a dip there, and these are two serious sort of dips. My mean line, when |
work that out, may go somewhere like this [demonstrates].

INT: So you would want to do your — kind of — line of best fit?
P1: Yeah. I'd like to take my mean average [sic].

A handful of men expressed an interest in seeing reference lines that specifically indicated when they
needed to take action:

P6: I would have thought [. . .] rather than just the red line being sort of, y’know, saying that that’s the
highest of people without prostate cancer, maybe the red line could be, you know, a red line, if you
cross over this red line, our experience would show that, you know, there is a [. . .] serious problem.

P12: Mm. There is another point, and that is, what would . .. without all this, at what the consultant
says you’d better have an operation now. | wondered if you could put a line from past data, at the
point when a decision was made. So | don’t know how it would work exactly [. . .]. So basically he has
the treatment when he's that much above deviation for that period. | don’t know how you’d express
that on the graph, but it. . . it [pause].

INT: So almost, pooling together of the tipping points. . ..

P12: The tipping point. Exactly.
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Conclusion

Clinicians and men found that the AMS provided useful additional information but questioned how much
the tool would currently influence decision-making. Clinicians questioned the value and practicability

of the AMS on the basis of its reliance on PSARRs, for which limited data were available regarding their
relationship to long-term clinical outcomes, and the general uncertainties surrounding the role of PSA
monitoring in AS protocols. Clinicians therefore did not believe that the system based on PSARRs would
considerably change their current decision-making practices. Men's reliance on clinicians to direct their AS
and future treatment trajectories resulted in little appreciation for how the system could be used as a
personal decision-support tool, although this reflected men’s general tendencies to defer treatment
decision-making to the clinician.

Overall, clinicians and men valued the concept of having a set of reference ranges to support and direct
AS decisions, in the sense that any additional information was helpful in this uncertain field. Although less
of a dominant theme, both clinicians and men also identified the AMS as a useful tool for potentially
providing reassurance through visual representation of where an individual’s PSA value lies in relation

to others with the disease and in relation to men without PCa. In this sense, the AMS was positively
received as a tool that could be used to aid discussions and reassure, rather than influence, treatment
decision-making.

Despite clinicians and men expressing doubts over whether or not the AMS could be practically used at
present, the publication of long-term patient outcomes and how these relate to PSA behaviour may
change this. Although not dominant themes, a number of useful suggestions for improvement to the AMS
emerged from patients’ and clinicians’ accounts. These included presenting a line to denote when the
individual man should consider alternatives to AS, and the addition of the option to add a line of 'best fit’
through a man’s individual PSA values. Including lines that prompt when men/clinicians should consider
alternatives to AS might be made possible by publication of outcome data from current trials (see Chapter 8).
Options for more pragmatic changes include further exploration of which colours may be best used in the
AMS. This is based on the researcher’s observation that some men had difficulties distinguishing some of the
reference lines.
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Chapter 8 Randomised controlled trials of active
monitoring strategies

Aim and background

This component of the project aimed to design a RCT to evaluate the effectiveness of the most acceptable
'AM’ instrument compared with existing AM methods.

There have been few RCTs comparing conservative management with radical treatment for clinically
localised PCa. The PIVOT recently found no difference between observation (i.e. WW) and radical
prostatectomy for either all-cause or PCa mortality after at least 10 years of follow-up,'" although the
cohort was relatively elderly (mean age of 67 years). SPCG4' found that radical prostatectomy reduced
PCSM compared with observation (i.e. WW) among men who had been diagnosed clinically as opposed to
screen-detected in PIVOT. The ProtecT RCT is the first to compare AM with radical treatment.’' If results
of this trial (to be published in 2016) find evidence that AM is an effective option for men with clinically
localised PCa, then a RCT comparing the effectiveness of the AMS against other monitoring or AS
strategies, such as the use of PSA kinetic measures, would be of considerable importance. Currently,
however, without the ProtecT trial results, and with the relative immaturity of the existing cohorts of men
on AM/AS protocols resulting in few events in terms of metastases or death (as shown in Chapter 2), the
evidence as to the optimal protocol for non-radical treatment is not known. Here, therefore, we give an
overview of some of the issues surrounding potential trial design of AM/AS strategies, including issues
identified by this study, and outline several potential trial designs which could then be tailored for the
definitive design, depending on results from the ProtecT trial in 2016.

Difficulties related to new randomised controlled trials of
active monitoring strategies

Recruitment and design

The ProtecT trial successfully gained consent from over 1600 men to be randomised to AM, radical
prostatectomy or radiotherapy. However, as the failure of the START (Phase Ill Study of Active Surveillance
Therapy against Radical Treatment in Patients Diagnosed with Favourable-Risk Prostate Cancer) trial'®
demonstrates, recruiting enough men who are willing to be randomised to such different approaches
remains an extremely difficult task. Lessons learned from the ProtecT trial would need to be implemented.
Recruitment of men to a trial of AS/AM would need to take place following PSA testing in a healthy
population, or following ad hoc testing in clinical practice. A key issue in recruiting to a PSA-tested
population is the huge numbers required — over 100,000 tested in the ProtecT trial, for example.''> The
alternative is to recruit from the pool of all new cases of clinically localised PCa who according to the latest
NICE guidance,® should be offered this option if they have low-risk disease or higher-risk disease but are
unwilling to have radical treatment. Men would need to accept an initial conservative approach to their
newly diagnosed cancer and to give consent to be randomised to one of several AM/AS strategies.

109

A decision about whether or not the study would involve randomisation at the cluster (clinic) or individual
level would need to be made based on the AM/AS strategies under investigation. For example, a trial
comparing monitoring with the AMS and an alternative monitoring strategy (e.g. current practice) would
need to be cluster randomised, because there would likely be contamination between interventions if
members of the same clinic were randomised to different monitoring strategies. Blinding of clinicians and
patients would not be possible in a trial of different monitoring strategies, given the obvious distinctions
between potential interventions, but blinding of outcome assessment would be considered carefully.
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Pre-trial and ongoing training of doctors or nurses responsible for AM/AS check-ups would be vital in any
such trial. The interpretation of PSADT, PSAv and the PSARR graphs would need to be clear and consistent.

Eligibility

An issue for any trial will be to decide on the eligibility criteria for enrolment. The eligibility criteria for the
ProtecT trial mean that it will be difficult to reach conclusions in the higher-risk groups (i.e. men with
Gleason scores of 3 +4 or 4 + 3). However, as worldwide AS studies accrue men and time in follow-up,
the safety of allowing such men to enrol in AM/AS may be established.

Several studies have published eligibility criteria along with validation, the most popular of these being the
D’Amico criteria,”"®""" where low risk is: PSA < 10 ng/ml, Gleason score at most 3 + 3 and stage up to T2a;
intermediate risk is PSA between 10 ng/ml and 20 ng/ml, Gleason score up to 4 + 3 and stage T2b; high
risk is PSA > 20 ng/ml, Gleason score of at least 4 + 4 and stage T2c or T3a. Recently, there has been a
proposal to use a single early PSA test to stratify men as low, intermediate or high risk."? If the ProtecT
trial demonstrates that AM is an effective option for low-risk cancer, then a trial might be needed to
establish whether or not it is also effective for those with intermediate-risk localised cancer.

Recent developments in MRI''® and potential genetic variants associated with lethal PCa'* may lead to
better stratification of those men with PCa who will not experience progression to life-threatening disease.
It might be that, in future, more precise stratification might be employed to determine eligibility to enter a
trial comparing different management strategies.

Outcomes

The results of this project, including the systematic review, suggest that PCSM is rare in the short term for
patients on AM/AS. However, PCSM or metastases are the most important primary outcomes by which

to compare any monitoring strategies and should form the primary clinical outcome for future trials.

Either a large sample size or long-term follow-up (or both) would be required to produce enough events to
allow for any risk-group comparisons. However, if the ProtecT trial demonstrates that AM is effective, then
other primary outcomes could be considered when comparing AM/AS strategies, such as the number of
men remaining on AM/AS over time or to a specific age, adherence to monitoring protocols, costs and
ease of implementation in the NHS, patient satisfaction and quality of life. The chosen primary outcome
would have a crucial impact on the design issues of sample size and length of study. Repeated biopsy
results are another potential clinical outcome that could be considered, but the sampling procedures

(e.g. number of cores used) introduce a large amount of measurement error with either under- or
oversampling of the prostate. For example, in the PRIAS [(Prostate Cancer Research International: Active
Surveillance) see www.prias-project.org] study 2494 men were diagnosed with PCa and followed AS;

of the 1858 repeat biopsies taken in the study, 687 found no cancer.®®

Potential trial designs

Active monitoring system

A trial comparing the use of the AMS with use of current PSA kinetic thresholds and methods might be of
interest to test the acceptability of the AMS, but the issues around what form of AS or AM would be
included remain. Our qualitative research has revealed that a minority of patients and clinicians express
concerns about the complexity of using a system or graph for PSA monitoring, although most could see
some potential for reassurance through using the AMS. However, consistent interpretation of the PSARRs
presents a potential problem for nurses, doctors and patients. A short training session for nurses and/or
doctors would be needed before commencing any trial to ensure accurate delivery of the system and to
minimise interobserver bias in interpretation and informing men. It would be helpful to have objective
criteria that are strictly adhered to, such that once a single PSA value falls above the 95% reference range,
the nurse/doctor recommends re-evaluation of the cancer, although whether or not such clear criteria will
ever be discovered remains uncertain. Furthermore, in the interest of time, nurses/doctors would need

NIHR Journals Library www. journalslibrary.nihr.ac.uk



DOI: 10.3310/hsdr03300 HEALTH SERVICES AND DELIVERY RESEARCH 2015 VOL. 3 NO. 30

adequate training to explain clearly and concisely what the graph is telling the patient, such that
consultation time is not wasted. Interviews with patients have made clear that these graphs should be
shown to the men in a clinical setting and not sent out to men to interpret without guidance.

Qualitative research has suggested that PSADT and PSAv are sometimes calculated crudely and in a variety of
ways in a clinical setting, leading to variable results. There are also many different methods of calculation, as
have been discussed previously?*?' and, thus, a computer is needed at every visit to compute PSA kinetics
consistently. It would be necessary to identify the optimum method and to ensure that it is applied consistently
by suitably training those doctors/nurses in this arm of the trial.

This trial would require a cluster-randomised design, with clinics or GP surgeries as the unit of randomisation.
The primary outcome could be the number of men remaining on monitoring at a median follow-up of, for
example, 5 years, with a potential further follow-up depending on the rate of management change in the
trial. Adherence to the monitoring system, quality of life and satisfaction with monitoring could be secondary
outcomes. Reasons for leaving AM would be recorded but not limited to a single reason, given that several
distinct factors could lead to a decision to seek radical intervention.

Active monitoring compared with active surveillance

Although ongoing studies with AM and AS may produce useful comparisons, they will not be able to
establish as strong a conclusion as a RCT comparing scheduled repeat biopsy with using biopsy only when
radical treatment is being considered. A trial comparing AM with AS (i.e. men randomised to have a
rebiopsy only when triggered or at scheduled intervals) would determine whether or not this extra
procedure needs to be regularly performed to increase the effectiveness of monitoring. Chapter 2 found
several frequencies of rebiopsy even among the 16 AS studies, ranging from annual biopsies to biopsy at
1, 4 or 7 years.

The patients would need to be selected from participating clinics and randomised to AM or AS. A cluster
randomised design may be necessary in this trial to avoid anxiety due to perceived reduced testing in

the AM arm and possible anxiety due to overtesting in the AS arm, as well as contamination with men
in the other arm of the trial.

The primary outcome could be the number of men remaining on AM or AS at a median follow-up of, for
example, 5 years, with potential extension depending on the rate of management change. Secondary
outcomes would be adherence to AM or AS, patient satisfaction, number of complications from rebiopsy,
quality-of-life score and reasons for seeking radical intervention.

Active monitoring for higher-risk or locally advanced prostate cancer

If the results of the ProtecT trial show that AM is an effective option for men with clinically localised T1-T2
PCa, then a future trial could investigate whether or not AM/AS is effective in men with higher-risk or
more advanced T3a disease. This option for a RCT would be difficult to launch currently because of
concerns about the levels of progression likely to be experienced, as well as the NICE guidance advising
men in these groups to have radical treatment.%®

Nurse-led active monitoring

Qualitative research within the ProtecT trial has shown that both doctors and patients find nurse-led
monitoring acceptable. As such, a potential trial that could be undertaken now could compare nurse-led
clinics with usual care involving consultant urologists. Some patients in this study have indicated that
appointments with urologists were often so short that they wondered if there was a need for them to be
involved, and travel and parking considerations were also raised. If this trial were conducted, men
randomised to monitoring by nurses would need the support of consultants either at fixed time periods
(perhaps annually) or when any change in disease status or anxiety required a clinical review. A nurse-led
AMV/AS programme, such as the one employed in the ProtecT trial, could lead to NHS savings from freeing
up consultant time. A full economic evaluation would need to be undertaken, and cost could be a key
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outcome. The primary outcome in such a trial could include satisfaction with and adherence to monitoring,
with quality-of-life score and number remaining on monitoring as secondary outcomes. The randomisation
could be performed at the individual level, with men visiting either nurses or consultants at that clinic, or it
may need to be a cluster design.

Summary

The precise design of trials of AM/AS strategies needs to wait for the results of the ProtecT trial in 2016 to
provide information about the patient risk group and the effectiveness over the long term for patients
with particular clinical and demographic characteristics. We have suggested four potential trial designs,
which would add considerably to the evidence required to place AM at the forefront of care for men with
recently diagnosed clinically localised PCa — including one that could be launched soon. Once data from
the ProtecT trial become available, a comparison of PSARRs, PSA kinetic measures and the PSA protocol
used in ProtecT could determine whether or not PSARRs lead to a more effective protocol for AM/AS

in the UK population. Preliminary results from this project have shown partial evidence that PSARRs are an
improvement on PSA kinetic measures for monitoring PSA over the course of AM/AS. However, all trial
designs are limited by the lack of robust trial evidence about the effectiveness of AM/AS as a strategy,
necessitating the wait for the ProtecT trial results.
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Chapter 9 Conclusions and recommendations

Summary of findings

The systematic review (see Chapter 2) showed that there is little evidence of any consensus on many aspects
of the approach to AM or AS, such as inclusion criteria, methods of monitoring and triggers for change of
management. However, our meta-analysis (see Chapter 2) suggests that only 84 changes of management
occur per 1000 person-years (95% Cl 61 to 106 changes of management per 1000 person-years). We
found that this rate was associated with Gleason score and whether or not the study used repeat biopsy
testing in its monitoring schedule. In Chapter 3, a model for the PSA monitoring system was developed
using data from the ProtecT study AM cohort. The evidence from Chapter 4 suggests that this model
captures the trend in age-related PSA change in modern AM/AS cohorts in both the UK and the USA. In
Chapter 5 there was some evidence to suggest that PSADT and PSARRs could help discriminate men who
will die from PCa from those who will not. However, there were mixed results when comparing the
markers, such that no strong recommendation for any can be made here. The validation of the AMS to alert
men to pathological progression has been hampered by low numbers of clinical events in the immature
cohorts available. The ProtecT trial will provide evidence about the effectiveness of AM for men with
clinically localised PCa in 2016. Once these results are available, the effectiveness and cost-effectiveness of
the AMS can be evaluated in a RCT, perhaps in conjunction with nurse-led clinics.

The qualitative work undertaken (see Chapters 6 and 7) explored the acceptability of the PSARRs
developed in previous chapters in the context of current clinical practice. PSARRs were incorporated into a
computerised system (the ‘AMS’), and shown to clinicians and men involved in providing and receiving AS
in NHS hospitals in England. Given that the systematic review (see Chapter 2) established that there was
no consensus on AS processes, Chapter 6 focused on mapping out current AS provision in clinical practice
in these hospitals and capturing the perspectives of clinicians and patients in relation to this uncertain field.
This work provided an important foundation for understanding how the AMS might be integrated into
clinical care in the future. Chapter 7 focused on clinicians’ and patients’ views about the AMS, with a view
to understanding whether or not the system had potential to contribute to management and/or influence
decision-making (and if so, how).

Chapter 6 considered men’s understanding of and views surrounding AM/AS protocols, including
thresholds for moving off AM/AS. These topics had not yet been investigated in depth, although men'’s
general views on AS as a treatment option had been explored in a handful of studies outside the UK

(see Chapter 1, Qualitative research in active monitoring/active surveillance). Investigating patients’

and clinicians’ perspectives of current AS provision in UK practice was an important foundation for
understanding how the AMS may be integrated into practice. Chapter 6 presented the various ways in
which uncertainty in AS manifested at the level of clinical practice, and the ways in which clinicians and
patients responded to these uncertainties. The uncertainties reflected those in the systematic review

and surrounded clinicians’ decisions regarding which patients should be eligible for AS, how AS follow-up
should be undertaken and the triggers that should prompt consideration of radical treatment. Uncertainty
also existed in relation to measurement methods used to characterise PCa, as clinicians pointed out
limitations with the clinical parameters they currently used. In response, much of AS decision-making
appeared to be a process of considering multiple clinical factors, without clear thresholds. The inherent
uncertainties in the field were reflected in our finding that clinicians’ reported practices varied within and
across sites. The existence of protocols at some sites appeared to be associated with greater consistency
in reported practices, although clinicians were still explicit about the need to deviate from protocols
depending on particular circumstances.

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Simpkin et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

87



Overall, clinicians were mindful of decisions that they were sometimes required to make without a solid
evidence base. Patients, however, appeared content to trust their clinician as the principal driver in
decision-making within AS. There was a tendency for patients to look to their urologists to interpret their
clinical progress on AS and to indicate when it might be more appropriate to consider radical treatment.
Patients tended not to be aware of all the uncertainties that clinicians discussed in the interviews, but were
mindful of the limitations of PSA testing as a prognostic tool. This awareness by men contributed to their
understanding and acceptance of multiple follow-up tests — including rebiopsy — in AS programmes,
although some patients used repeatedly steady PSA values as justification to refuse rebiopsy. Some men
also questioned the necessity of having to visit the hospital to see a consultant when PSA levels remained
stable. This suggests that individual patients weighed up the personal costs and benefits of accepting
different investigational procedures.

Chapter 7 showed that men and clinicians responded positively to the availability of additional information
provided by the AMS and its potential to provide reassurance, but all expressed doubts over whether or
not the tool currently had the potential to influence current decision-making. The findings from Chapter 6
help to elucidate the reasons underlying this; patients tended to hand over decision-making power

to clinicians, and clinicians were reluctant to base clinical decisions on a tool that considered PSA values
alone. This related to wider uncertainties surrounding the role of PSA in AS and gaps in the evidence
pertaining to how PSA values translated into clinical outcomes. Findings from Chapter 6 established how
decision-making involved weighing multiple sources of information and reaching a decision acceptable to
both parties.

Despite beliefs that the AMS as a single measure was unlikely to influence decision-making, a subset of
patients and clinicians recognised how the tool might be incorporated into practice as a visual aid to
provide reassurance by placing PSA values into context (i.e. in relation to men without PCa, or similar
men in their position). However, this scope for reassurance would clearly depend on how the individual
patient’s PSA levels were behaving in relation to the reference lines that could be shown, as well as on
evidence about the long-term effectiveness of AM/AS strategies.

The number of AS studies is increasing worldwide, and, with a continued lack of consensus about key
principles, it is important to investigate variation between studies. There is accumulating evidence that
AMV/AS can be a safe option for men, including the small number of cases of metastases and PCa death in
contemporary cohorts (see Chapter 2) and the evidence from the US PIVOT trial of the lack of benefit of
surgery compared with WW."" However, the AM/AS cohorts are still immature, with short follow-up periods
and relatively few events. When they do mature, the highly selective patient groups, diversity of eligibility and
monitoring strategies, and wide variations in triggers for management change mean that analysis of these
cohorts will be prone to bias, and it will be challenging to compare strategies and form effective policies. The
National Institutes of Health (NIH)-funded PROMISS (PROstate Modelling to Identify Surveillance Strategies)
study, combining several cohorts and modelling, will be important in interpreting these results. The dilemmas
inherent in PCa screening are also present in the evaluation of AM/AS, particularly in determining strategies
of monitoring that will enable the majority of men with low-risk disease to avoid radical treatment but that
will identify those in whom such radical treatment would be beneficial. The ProtecT trial, comparing an AM
programme without scheduled rebiopsy with radical prostatectomy and radical conformal radiotherapy will
report in 2016.""5 Other trials, particularly comparing different AS/AM protocols, are needed to provide
unbiased comparative evidence about the most effective and acceptable strategies for men and clinicians.
The NICE guidelines for AS are based on the ongoing RMH study®® which has been analysed in this report.
Although it is commendable to attempt to generalise an approach to AS, there exists no evidence on the
‘correct’ or consensus approach to AM/AS. As demonstrated in Chapter 2, we are only at the stage at which
we can compare different AM/AS study designs and identify aspects of the AM/AS protocol that impact upon
some outcomes. This area of research is still in its infancy.
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Studies of men with low-risk PCa have indicated that AS is safe (i.e. there is a low rate of death from

PCa for men on AS).82 However, there is no consensus on a detailed definition of ‘low risk’, and many
cohorts appear to be limiting AS to those in an ‘ultra-low-risk’ group. Until randomised trials comparing
different treatments publish, evidence is limited to institutional comparisons. Even when these trials report
their results, the evidence for which subgroups should be offered which treatments will still be limited.
Thus, future studies need to state definitions of low-risk groups clearly, and comparisons between studies
of different designs may shed light on this question about who is most suited to AM or AS.

There are limitations in the statistical analyses carried out in a number of studies found in Chapter 2.
The use of simple comparative techniques such as t-tests and Mann—Whitney U-tests to find differences
does not allow for potential confounding. Extended Cox models that allow for time varying covariates
such as PSA were not used by any analysis, thus wasting information provided by serial PSA results.

The estimation of the effect of Gleason score or PSA, for instance, on cancer progression is the main
guestion of interest in many analyses. However, because progression is often defined by thresholds of
Gleason score or PSA, it is difficult to untangle and quantify whether or not these effects are "true’
progression. A gold-standard variable for proven disease progression is needed but, unfortunately,

is not currently available. With longer follow-up, stronger outcomes of metastases or PCSM will be more
frequent and, thus, more reliable.

One of the most pressing issues in AS is the reliability of PSA as a predictor of disease progression.”™ PSA
has high day-to-day biological variation,'® caused by many factors, such that a single high measure may
not be necessarily indicative of a worsening condition. Depending on the method of calculation, PSADT or
PSAv could be sensitive to such fluctuation, thus suggesting ‘progression’ when it may not be warranted.
Some studies require a confirmatory PSA test when such a result occurs. Few alternatives to PSA are
available. A subanalysis of the JH cohort found that proPSA (a form of PSA which is increased in the blood
of a man with PCa) was associated with time to an unfavourable biopsy result for men on AS."’ Recently,
the use of some genetic biomarkers for PCa detection,® distinguishing lethal PCa'* and predicting
post-radical prostatectomy recurrence’ have been proposed, but definitive results have yet to be found
for use in AS. MRI and magnetic spectroscopic imaging (MRSI) are being used to follow up men in some
AS cohorts.'?® A recent systematic review of novel tools for AM/AS has recommended that prospective
studies should include and evaluate these new markers, such as imaging.'’

Any instrument aiming to predict outcome for men with low-risk PCa will need to be calibrated to the
population and specific clinical need. For example, in a setting in which only ultra-low-risk men were
offered AM, clinicians may decide to opt for a higher reference range (e.g. 99%) in order to raise the
specificity and avoid unnecessary treatment. However, were a new radical treatment for low-risk PCa to be
developed, which had fewer side-effects than either surgery or radiotherapy, clinicians and patients may
prefer to lower the reference range, ensuring that more men would be treated unnecessarily but balancing
this against the decreased risk of missing a progressing cancer. Similarly, the instrument would need
recalibrating between populations where screening was common, uncommon and rare.

As already discussed, the quantitative findings were severely hampered by a lack of clinical outcomes or
events. Furthermore, the SPCG4 cohort, which contained data on onset of metastases and PCSM, was a
WW arm of a larger RCT and recruited in the pre-PSA era. Given the intent to use the AMS prospectively,
it would be ideal to validate it using an ongoing AS cohort. We have attempted to resolve this issue by
comparing the AMS with PSA kinetic measures only in those SPCG4 men with a diagnostic PSA <20 ng/ml
and Gleason score of 6 or less. Another limitation is a lack of clinical covariates, such as number of biopsy
cores positive for cancer or tumour volume, which may have allowed a more comprehensive AMS to be
developed. However, as shown by the systematic review, not all studies collected these regularly, and a
simpler set of covariates (e.g. age, PSA, Gleason score and T-stage) was used to ensure comparability
across studies.
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A strength of the quantitative part of this study is that large, independent cohorts from different countries
and years were available for model development and validation. The model was developed using data
from over 7000 PSA tests (see Chapter 3), and we have attempted to predict over 15,000 PSA test results
(see Chapter 4). Our data were from both US and UK populations and traversed two eras of PCa
detection: the clinically presenting men from the early 1990s and the PSA-detected men of the 2000s. We
have used a comprehensive modelling strategy and validated our models both in terms of prediction of
PSA and in terms of predicting clinical outcomes.

The qualitative findings were limited through reliance on participants’ reports of practices and recollections of
events rather than observations of actual interactions. As such, data may have been subjected to respondent
biases and tendencies to offer socially desirable responses. This is particularly relevant to clinicians, who

may have felt their practices were being subjected to scrutiny. Men’s accounts were also at risk of similar
biases, including issues of recollection bias. This was especially pertinent to patient interviews, as data often
constituted narratives of what had occurred in previous discussions with clinicians. These data will also

have been affected by patients’ interpretations, which may differ to those of clinicians and/or researchers
undertaking observations of actual interactions.

The qualitative study samples were limited on a number of counts. Only sites in the south of England were
sampled, due to pragmatic and logistical reasons. The sample of men interviewed was limited by sampling
low-risk patients. Men at the periphery of AS eligibility criteria may have expressed different ideas in terms
of reassurance and involvement in clinical decision-making. The sample of men interviewed was selected
by clinicians. As such, the sample may have reflected patients that clinicians deemed to be appropriate for
purposes of a research study, whether this was conscious or not.

Although the sample size was small, we are satisfied that data saturation was achieved with respect to
evaluating the AMS tool. However, some of the ideas inductively derived in Chapter 6 pertained to broader
topics in relation to conducting and receiving AS, many of which could have benefited from further
investigation with continued sampling. Therefore, sample numbers were, in part, influenced by practical
considerations (e.g. study timelines), although we are confident that this did not hamper the primary
objectives of the qualitative study.

A strength of the qualitative study was that it was able to provide a novel insight into patients’ and
clinicians’ perspectives on AS in practice. Although the primary aim was to evaluate the AMS, the
qualitative study was strengthened by incorporating the broader objective of investigating views and
experiences surrounding current AS practices. This allowed for multiple themes relating to uncertainty to
emerge inductively from data. These ideas have opened up new avenues of enquiry for future research,
as reported below.

Research recommendations

Modelling the relationship between prostate-specific antigen and

prostate cancer outcomes

We recommend that studies in this area share data in order to provide the best evidence for future
management of men with clinically localised PCa. The PSA era began in the early 1990s, and the earliest
ongoing study of AS began in 1995. In our systematic review, just eight of 7111 men followed for roughly
4 years had died from PCa. It will take some time before the worldwide cohorts of men on AM/AS mature,
and, even then, the number of deaths from PCa may be small because men in these cohorts die from
other causes. Thus, the best examination of the effect of PSA change on PCSM or metastases will be
through combining data from various research cohorts, using meta-analysis and advanced modelling
techniques, including, for example, the US NIH-funded PROMISS study now under way.
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Reporting in active monitoring/active surveillance studies

The systematic review in Chapter 2 found little consensus on study design between 22 cohorts of men
followed by AM/AS. Furthermore, there was little consensus on what to report, despite the similar aims
of these studies. For instance, although the reasons men changed AM/AS to radical treatment were
not provided by each study, this information is likely to be crucial in future comparisons (through
meta-analysis) between studies. Given the low short-term PCSM rate found in the systematic review,
now would be the ideal time for ongoing studies to agree on a core outcomes set (as in clinical trials),
whereby each study records instances of metastases and PCSM, for instance. As discussed in Chapter 2,
it is likely that future comparisons to decide on the optimal strategy for AM/AS will be carried out through
meta-analysis. Thus, it is crucial that a wide range of studies is undertaken and that they report design,
triggers and results in as similar a way as possible. Future studies should also collect data on those who
choose to leave AM/AS and the reasons for this decision, and should continue to follow these patients.
Data on quality of life will be important for future AM/AS studies, along with an increasing focus on
imaging, biomarkers and genetic information.

Changing clinical environment

The developments in functional magnetic resonance imaging (fMRI) and other imaging technologies may
change the diagnosis and risk-stratification of men with PCa. These developments, and others in relation
to clearer understandings of genetic risk, will need to be pursued in future research. We would
recommend that cohorts of men with PCa build up a biorepository allowing retrospective measurement
and evaluation of any new biomarkers. This will increase power to detect if new biomarkers are useful for
monitoring men with clinically localised disease.

Future qualitative research in active monitoring/active surveillance

In terms of qualitative research, future work may consider supportive interventions to help clinicians and
men cope with the various uncertainties in AS. Clinical centres may want to consider the use of formal
protocols, with the opportunity to reduce practice variation and increase clinician confidence and patient
reassurance. These ideas were not pursued in the current project, but our observations of subtle
differences between sites with and without protocols suggest that this may be an important avenue to
consider in future work.

The research in Chapter 6 suggested that there may be greater emphasis on patient choice and preference
where clinical uncertainty is heightened, although this was generated as a hypothesis rather than a
finding. Future work may investigate these notions more fully and could consider the use of observational
techniques to capture clinician—patient interactions, particularly at key decision-making points in patient
pathways. We uncovered evidence to suggest that there were differences in how central the patient’s role
in AS decision-making may be, although these ideas will require more thorough investigation. Future
research could explore the impact of centre protocols on levels of patient involvement and how optimum
patient involvement can be achieved for individual patients regardless of centre protocols.

Qualitative interviews with men on AS suggested that the value of outpatient clinical appointments would
benefit from further investigation. In particular, future work may consider the content and duration of
appointments. Although only raised by a small number of individuals, there was a suggestion in this study
that routine face-to-face appointments with urologists may not be deemed essential by men and their
partners, although this appeared to depend on the content and duration of appointments. Where outpatient
appointments are unlikely to call for clinical examination or discussion of change in management, there
may be options to promote non-face-to-face forms of communication [i.e. telephone, Skype™ (Microsoft
Corporation, Redmond, WA, USA)], or appointments led by specialist nurses. A further option may be

to conduct outpatient appointments in a targeted, rather than routine, manner. These different options
could have considerable implications for NHS resources and patients alike, especially given the increasing
prevalence of men on AS.
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Finally, future qualitative work could reconsider the application of the AMS once more is known about
the effectiveness of PSA monitoring and the clinical implications of PSA values/behaviour. These gaps

in evidence were the primary reason for clinicians’ reluctance to view the AMS as being capable of
influencing clinical decision-making at present. Ultimately, the development of AS and AM programmes,
and systems such as the AMS, await the publication of ongoing research including the ProtecT trial.
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Appendix 1 Development of active monitoring
system

he model developed in Chapter 3 was included in an AMS through the MS Excel software, such that
serial PSAs could be entered and displayed for men following an AM/AS programme. Interviews with
men on AM/AS, urologists and oncologists included a demonstration of the system.

The main interface allows entry of date of birth, Gleason score, PSA test date and result. The Excel sheet
then calculates one of a number of options. The first is the average trend of PSA for a similar man

(i.e. with the same PSA, age and Gleason score at diagnosis) with clinically localised prostate cancer, as
shown in the green line in Figure 10. There is also the option to show the average trend along with
95% reference range for a similar man without PCa, as shown in the blue and orange lines of Figure 10.
Using a simple interface, men can compare their own PSA results with the average PSA growth of similar
men with and without prostate cancer.

Initially, we intended to use the 95% reference range for men without PCa as the method that would alert
men with PCa to rapidly rising PSA. After discussion with the steering group, the use of reference ranges
of men with PCa were taken forward for use in the comparison of Chapter 5.

Note that data presented are simulated to be indicative of men with PCa. The names given are fictitious
and are not representative of any men in any of the cohorts.
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FIGURE 10 The PSARR system for a simulated individual, showing average PSA trend (blue, short dash)
plus 95% reference range (orange) for men without PCa, as well as average PSA trend for men with PCa
(green, long dash).
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Appendix 2 Dissemination
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Simpkin AJ, Tilling K, Martin RM, Lane JA, Hamdy FC, Holmberg L, et al. Over or under treatment? A
systematic review and meta-analysis of factors determining change of management in Active Surveillance
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Conference oral presentations
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Simpkin A. Longitudinal prostate-specific antigen reference ranges: choosing the underlying model of
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Simpkin A. Longitudinal prostate-specific antigen reference ranges: choosing the underlying model of
age-related changes. International Society for Clinical Biostatistics, Munich, August 2013.
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Appendix 3 Qualitative documentation

Clinicians’ interview topic guide

BOX 2 Clinicians’ interview topic guide

Introduction

Researcher explains research, asks if any queries on participant information sheet (PIS), and takes
written consent.

Background/context

The NICE guidelines indicate that AM/AS are options, along with radical prostatectomy and radical
radiotherapy, for PCa but methods for doing this have not been clearly specified. We are, therefore, very
interested to know what methods you are using.

Definitions/terminology

What terms do you use to describe men whose prostate cancer is being monitored? Do you differentiate
between different subgroups among these men?

Three terms are used to describe monitoring — what do you use these terms to mean? AM? AS? WW?
Current practice
What factors would influence you to recommend AM/AS to a man, newly diagnosed with PCa?
Prompts: Age, Gleason score, PSA,% positive cores, prostate volume, comorbidities, other?
What factors would influence you to recommend a more active treatment?
Prompts: Age, Gleason score, PSA,% positive cores, prostate volume, comorbidities, other?

What do you say to men, when giving treatment options for those newly diagnosed with localised PCa,
Gleason score of 6, PSA < 10 ng/ml and < 50% positive cores?

Prompts: What other factors might influence your approach? Age? Prostate volume? Comorbidities?
Routine appointments for men on AM/AS.
What do you recommend to patients regarding frequency of PSA tests? Why?
Factors that influence you to vary that frequency?
What is your routine for appointments where PSA findings for men on AM/AS/WW are discussed?

How do you deal with rises in PSA values? How are these presented to men? What phrases do you use?
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APPENDIX 3

BOX 2 Clinicians’ interview topic guide (continued)

What helps to reassure men? What makes them more anxious?

How often will you do a rectal examination?

Factors influencing you to vary that frequency?

What are your views on rebiopsy?

Factors influencing you to recommend rebiopsy? Avoid rebiopsy?

Has your practice in how you monitor men on AM/ASAWW changed over time?

Factors influencing these changes?

How do you think your practice compares to that of your colleagues? Same? Different — how?

If you were asked to identify one key aspect of current practice for monitoring PSA levels that you believe could
be improved, what would that be?

Demonstration of AMS
Presentation of three hypothetical patient vignettes:
Information presented in traditional, descriptive format of a case summary (see vignettes).

What would you recommend to each of these men regarding ongoing management of prostate
cancer? Rationale?

What triggers would alert you to possible progression of the disease? What would trigger you to carry out
further investigations and what would those be?

Prompts: [PSA kinetics of some sort, rebiopsy, imaging MRI or transrectal ultrasound scan (TRUS),
bone scan?]

For each case use prompts as follows if not initiated by clinician:
This man had a rebiopsy after 2 years and it:

showed no disease progression — how would that influence your recommendations?

showed disease progression to Gleason score of 7 — how would that influence your recommendations?
How would your recommendations be affected if this man were 10 years older? 10 years younger? Why?
Information presented using the AMS.

What would you recommend to each of these men regarding ongoing management of prostate cancer?
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BOX 2 Clinicians’ interview topic guide (continued)

Rationale?
What are your thoughts on how the information is presented on screen?

Probe: aspects you really like, aspects you do not like, aspects that are clear, aspects that are not clear.
What are your thoughts on the information that the system gives?

Probe: useful, less useful, missing, would like to see.
What extra information does the system give men as compared with what usually happens in clinic?
What disadvantages does the system bring compared with what usually happens in clinic?

If you were this man’s clinician would the system make any difference to your thinking about the next step
in treatment?

Would you use the system in its current format? If not, what changes would need to be made to make it
useful to you?

What do you think would be a good name for the system?

Future trial to evaluate effectiveness and cost-effectiveness of the AMS

We would like to investigate if using the AMS is more effective for men on AM than current practice. To do so,
we would run a study in which all those participating are randomly allocated to either current practice or using
the AMS. What are your thoughts on such a study? Can you envisage any problems?

Wind-down and explanation of continuing research process

Researcher checks topic guide for omissions and ask whether or not any questions have arisen for the
interviewee. Researcher then explains the next stages of the research process (audio recording of clinics) and

assesses whether the informant is prepared to grant their ongoing consent for participation in the research.

[Offer summary of results and stop recorder.]

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Simpkin et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.
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Men'’s interview topic guide

BOX 3 Men's interview topic guide

Introduction

Researcher explains research, asks if any queries on PIS, and takes consent.
Context/background

Can you tell me a bit about when you were first diagnosed with PCa and your reaction at the time?

Probe: When did they find out they had PCa? Why did they consult? What was their reaction to
the diagnosis?

How long you have been on AM/AS?
How has that process been?

Probe: Frequency of blood tests, feelings around time of blood test, high points and low points.
Regular consultations to discuss PSA findings

Can you give me an overview of your current routine for having your PSA levels monitored? See doctor/nurse?
Attend alone? Types and frequency of tests/examinations/biopsies undertaken.

What are your thoughts about the current approach to monitoring PSA levels?
How often do you have a blood test at present?
Any recent changes? What difference have these made?
What happens at the appointments where you discuss the result?
Probe: how are results presented? What is most helpful/least helpful about these discussions/appointments?
Can you think of something that would make these discussions easier?
Probe: Face to face, phone, length of appointment, content discussed.
How are you feeling about your next outpatient appointment?
Probe: are they anxious/neutral/relaxed; what issues cause concern.
What sorts of things does your doctor/nurse say to you when your PSA rises?

What effect does this have on how you feel?
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BOX 3 Men'’s interview topic guide (continued)

Demonstration of AMS
Presentation:
What are your thoughts on how the information is presented on screen?
Probe: aspects you really like, aspects you do not like, aspects that are clear, aspects that are not clear.
Information:
What are your thoughts on the information that the system gives?
Probe: useful, less useful, missing, would like to see.

Presentation of three case-study vignettes using traditional case description (see case vignettes) of information
that would be available in clinic routinely under current practice.

Probe for each vignette: if you were this man and had this information what would your thinking be? Why?
Presentation of three case study vignettes using AMS.

Probes: if you were this man and had this information what would your thinking be? Why?
How does the information given by the AMS compare to the information you usually have in clinic?
What disadvantages does the system bring compared with what usually happens in clinic?
If you were in this man’s position would the system make any difference to your thinking about the next step for you?
Would you use this system as it currently is? If not, what would have to change for you to want to use it?
What do you think would be a good name for the system?
Future trial to evaluate effectiveness and cost-effectiveness of the AMS
We would like to investigate whether using the AMS is more effective for men on AM than current practice.
To do so, we would run a study in which all those participating are allocated to either current practice or using

the AMS. What do you think about taking part in such a study?

Allocation to current practice or AMS will be by chance, so you have an equal chance of getting either. What
do you think about taking part in such a study?

Wind-down and explanation of continuing research process
Researcher checks topic guide for omissions and asks whether any questions have arisen that remain unanswered.
Researcher then explains the next stages of the research process (audio-recording of clinic appointment) and

assesses whether or not the informant is prepared to grant their ongoing consent for participation in the
research. Repeat measure of anxiety. [Offer summary of results and stop recorder.]
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Paper vignettes

TABLE 20 Mr Smith paper vignette

Time on monitoring (months) PSA (ng/ml) PSADT (years)

15 January 2009 0 4.2

10 July 2009 6 48

2 January 2010 12 4.3 19.24
27 June 2010 18 4.5 27.94
20 December 2010 24 5.2 8.66
14 June 2011 30 5.5 6.94
7 December 2011 36 4.7 11.59
31 May 2012 42 5.6 9.93
23 November 2012 48 6.3 8.04
18 February 2013 54 7.1 6.63

PSAv (ng/ml/year)

0.04
0.02
0.08
0.10
0.06
0.07
0.09
0.10

TABLE 21 Mr Jones paper vignette

Time on monitoring (months) PSA (ng/ml) PSADT (years)

9 February 2010 0 3.1

10 July 2010 5 7.5

8 December 2010 10 2.1 -1.42
8 May 2011 15 8.7 1.50

6 October 2011 20 5.4 2.22

5 March 2012 25 9.8 1.62

3 August 2012 30 3.2 4.79

1 January 2013 35 7.6 3.80

PSAv (ng/ml/year)

-0.49
0.46
0.31
0.43
0.14
0.18
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TABLE 22 Mr Evans paper vignette

Time on monitoring (months) PSA (ng/ml) PSADT (years) PSAv (ng/ml/year)

3 August 2004 0 4.2

19 February 2005 6 4.6

7 September 2005 12 3.8 -7.04 -0.098
26 March 2006 18 4.5 -476.9 -0.0014
12 October 2006 24 5.1 10.57 0.065
30 April 2007 30 53 8.14 0.085
16 November 2007 36 3.9 31.82 0.021
3 June 2008 42 4.8 26.76 0.025
20 December 2008 48 6.4 11.33 0.061
8 July 2009 54 4.1 21.82 0.031
24 January 2010 60 6.7 12.66 0.054
12 August 2010 66 7.2 9.78 0.071
28 February 2011 72 7.8 8.34 0.083
16 September 2011 78 8.5 7.46 0.092
3 April 2012 84 7.8 7.46 0.092
20 October 2012 90 10.2 6.81 0.101
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Active monitoring system vignettes

Mr Smith active monitoring system vignette
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FIGURE 11 Mr Smith vignette presented on AMS.
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Mr Jones active monitoring system vignette
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FIGURE 12 Mr Jones vignette presented on AMS.

Mr Evans active monitoring system vignette
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Clinicians’ definitions of ‘active surveillance’ versus
‘'watchful waiting’

Clinicians were asked what they understood about the term ‘AS’, and how they distinguished this from
'WW' — another term used by clinicians across all sites. There was broad agreement over what AS and WW
programmes aimed to do, how they achieved this and whom they targeted.

Most participants touched on the idea that AS had a curative intent, whereas WW was more aligned with
symptom management and palliative care:

The point of active surveillance is that you have the intention to treat or to cure the patient. [Later]
Watchful waiting is very much, it’s not a curative thing — it's there just to see as symptoms come up,
we try and treat those symptoms.

ui4

Some clinicians talked about differences in the types of treatments offered within each programme.
Whereas AS patients were eligible to receive radical treatments (i.e. surgery and radiotherapy), patients on
WW received symptomatic relief (e.g. hormone treatment):

Well we usually use active surveillance or watchful waiting, where active surveillance means they’re
under surveillance but there’s still a potential that they could have radical treatment if the parameters
change, whereas watchful waiting is for the patient who would then have hormone therapy if their

parameters change.
Uz

One clinician expressed a slightly different view to others, in that he identified two groups within the AS
bracket: one group for whom both surgery and radiotherapy would be suitable and another group for
whom radiotherapy alone would be suitable:

[. . .] the classic active monitoring or active surveillance are, | think for patients with low risk prostate
cancer so low Gleason score, low volume, low PSA, who often are fairly young, you know certainly
below 70 and if their disease progresses you would be considering probably a radical prostatectomy or
one of the other radical treatments. There’s also a group of patients that we call active surveillance
who are a little bit more, a little bit different to that, who are the patients who are probably a bit
older, may have slightly more aggressive disease but still fairly low risk and who, if they progressed
you would be considering radical radiotherapy as in they wouldn’t be suitable for surgery,
but radiotherapy.

us

One distinction that arose was the tendency to associate AS with younger and WW with more elderly
patients. One clinician suggested that the division was not about age, but more to do with physical status.
Men on AS needed to be fit enough to undergo radical therapies, whereas men on WW were deemed
unsuitable for this:

Watchful waiting is very much for, erm, men who are not medically fit, basically. It doesn‘t necessarily
mean that age — it does figure into it but if you're 85 you’re not going to benefit from surgery [...]. At
the end of the day the point of active surveillance is that you have the intention to treat or to cure the
patient, so they have to be medically fit enough to undergo that procedure itself.

ui4
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Clinicians’ views on active surveillance eligibility

Gleason score

There was little variation within or across sites when it came to clinicians’ interpretations of ‘appropriate’
Gleason scores for AS. Patients with Gleason score of 6 (‘Gleason 6 patients’) were thought of as ideal
candidates for AS, although most clinicians set additional limits based on other clinical characteristics. One
clinician was distinct from others in his view that all Gleason 6 patients were suitable for AS, regardless of
the volume of cancer detected in biopsy:

INT: So if it was a man with Gleason 6, what number of cores would that be coupled with and what
volume of core would you be happy with?

U4: Yeah, well most men with Gleason 6 prostate cancer, | would be happy to treat them with
active surveillance.

INT: OK, regardless of number of cores?
U4: Yeah.

Other informants consistently reported that the number of cancer cores detected in the biopsy would be
an accompanying consideration, irrespective of the low Gleason score:

So we're talking about 1, 2 or perhaps 3 out of the 10 cores that are positive. So if they've got many
cores positive, even Gleeson 6 we're less likely to do it.
Ut

All participating sites included some patients with Gleason score of 7 in their AS programmes. These were
generally limited to Gleason 3 + 4 disease. Only one clinician felt that Gleason 4 + 3 disease would be
appropriate for AS. Although the clinician appeared to speak on behalf of their clinical institution, none of
the other clinicians from this site expressed this view:

I mean obviously 3 + 4 you're taking less of a risk. Um but [ think it's reasonable to do a 4 + 3.
uro

All clinicians portrayed Gleason 3 + 4 disease to be in a higher-risk category than Gleason 6, as reflected
through their specification that other factors would need to compensate for the higher score:

I always feel a little bit uneasy about it actually but they have to be low volume, definitely low volume
and | think they really need to be T1C really.
U3

There’s the odd patient with a Gleason 7, but with a tiny amount, maybe.
urz

Four out of the 17 professionals interviewed expressed unease with monitoring Gleason 7 patients
(irrespective of other criteria). These views were expressed across three of the four sites, by one nurse and
three urologists. As explained by the specialist nurse below, this discomfort was related to the belief that
there was greater scope for error and missed opportunities in treating this higher-risk group of patients:

Yes, yes just because the 7s are um — you don’t know how they‘re going to change and what effect
delaying more radical treatment may have and, you know, is there a possibility that you would miss
the boat?

SPN3
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Volume of cancer

The volume of cancer detected through biopsy featured in all clinicians’ descriptions of ideal AS candidates.
This was often simply phrased as ‘low-volume’ disease, but clinicians found it difficult to apply numerical
limits. The concept of volume appeared to involve balancing the number of positive cores detected against
the extent to which each core had cancer present. A higher figure for one of these measures could be
compensated by lower values in the other:

Essentially if we were going to tie it down we would say no more than three cores, no core more than
50% Gleason 3 plus 3 and then we broaden a bit by including some 3 plus 4s, occasionally might let
somebody in, there was tiny amounts in four cores for example, we might take somebody who had a
single core on the out of 10 that had 60% . ..

Clinicians’ reluctance to give absolute figures was a reflection of how they operated in practice. Other
factors, both clinical and patient-related, could also influence the upper thresholds for volume. The
clinician below explained how discomfort about a patient having five positive cores could be alleviated if
other factors were favourable:

Once it gets up to five | start feeling very uncomfortable about not having radical treatment- but
if they had a low PSA and if the percentage involvement of the cores is low — so you could have
someone with four cores, but only 5% of each of the cores, it's still quite a low volume — as long as
they've been . .. as long as all the other factors are favourable and they were being monitored closely
and the patient is aware that they’re in a slightly higher risk category than someone with just one
core, then | would go along with it because it's partly up to the patient.

In terms of the percentage per core ... what's your kind of threshold?

It depends how many cores — it's kind of like the overall picture rather than one specific thing isn't
it, so it's difficult to answer that, but you know if it was just one core with a high percentage volume
then I'd be happy for active surveillance, if it was four cores with a . ..

So how high . ..

Oh over 50 | would say is high . . . if it's sort of four cores with 50% volume, I'd be a little bit
more inclined towards radical treatment than someone who had four cores with 10% volume
you know.

Prostate-specific antigen values
Most clinicians had a preference for newly diagnosed patients to have a PSA value < 10 ng/ml. This
appeared to be driven by guidelines rather than clinicians’ own beliefs about PSA. For example, most of
these clinicians talked about PSA levels needing to be < 10 ng/ml for the patient to be considered low risk,
based on their recollections of risk stratifications published in official guidance (e.g. NICE,®® British
Association of Urological Surgeons [BAUS] and European Association of Urology guidance):

You know you mentioned that you would want men with a PSA less than 10?

Yeah.

Is there any flexibility with that? What is it about 10?
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U15: Ten? It probably is evidence-based, but 10, | mean that's the criteria, the BAUS criteria for low
risk. If it’s 10 to 20, that puts you up into intermediate risk. So the NICE quidelines and BAUS
recommendations would be that active surveillance is an option, but it’s not the first option. Whereas
with ‘low risk’, active surveillance is the first option.

Despite this, the vast majority of clinicians presented the threshold of 10 ng/ml as a preference rather than
a set rule. In practice, the patient’s PSA value would be one of many factors considered. The most
frequently discussed measures among this group was that of prostate volume:

INT: You mentioned PSA of 10: what'’s the significance of the 10 value?

SPN2: Well again that is pretty subjective, and it depends on which piece of literature you use. | think
if you read the quidelines that do exist from various places, they kind of use 10 as being a cut-off, but
obviously also it depends on the gland volume. And so, you know, you could have a gentleman who
might have a single core, so very small volume disease, but he might have a really big prostate and his
PSA might be 10 or 11, so you've got higher PSA level, but that, you know, you could expect that to
be a benign element of it, as opposed to necessarily to do with the prostate cancer.

Approximately half of clinicians did not provide a threshold for PSA, citing prostate volume and individual
variations as reasons for this. PSA values were seen as one of many components of the bigger picture:

Well, I'm sorry to be, it's very difficult, you see, because if someone’s got a large prostate, they will
have a larger PSA because of their prostate volume [...]. So you can use a PSA over the prostate
volume, which we don’t do officially, but you do it mentally in your own, yourself in the clinic, when
you’re with that patient — and it’s just a case of, as with all these things, you build up a picture. You
feel what the prostate feels like, you look at the patient — how well they are, what other problems
they have, what the biopsies show, how big the prostate is, and these things . .. and this is how we

make the decisions in real life.
U6

Patient age
Age of patient at diagnosis was another factor that contributed to clinicians’ decisions to suggest AS as an

option. AS could only be offered if potentially curative treatment was a safe option for patients. As such,
patients could not be biologically (rather than chronologically) too old:

It doesn’t necessarily mean that age, it does figure into it but if you're 85 you’re not going to benefit
from surgery. But you know if you're fit, 75/76 year old, have still got a 10-year life expectancy so you

know surgery would still be an option.
urs

Making decisions about particularly young patients (i.e. men in their 40s and 50s) was more likely to
provoke anxiety in clinicians. Some talked about the need to strike a balance between preserving quality of
life (i.e. continence and sexual function) yet not ‘missing the window’ for treatment:

You've got to look at the co-morbidities and of course their age. So it’s less suitable the younger the

man is because they’ve got a longer life expectancy and the outcome is much less certain.
ui1o

So the younger a person, the more worrying it is, but perhaps the benefits from delaying treatment
might be greater as well. [. . .] They may reckon if they can live with the cancer for a couple of years
and maintain sexual function that is better for their quality of life, and then that’s very reasonable, but

of course there is the risk of a disease progressing. [Later] Younger people’s diseases behave worse.
U9
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One clinician was distinct in feeling that the younger age groups were ‘perfect’ candidates for AS owing to
the quality-of-life implications of treatment side effects. There was no mention of these patients being
high risk or unpredictable:

[. . .] the best people for active surveillance are the younger men. Again, contrary you will hear people
say they won't consider young men, as | just said, | started measuring my PSA at the age of 50
because I think I'm a perfect candidate for Active Surveillance because | don’t want to be impotent
unless | have to, so if I get low-volume, low-grade disease | want Active Surveillance at 50

or thereabouts.
urt

Men'’s lead-up to diagnosis
All men described receiving their diagnosis within a secondary care clinic following the results of a biopsy.

Twelve of the 20 men had been referred to secondary care following disclosure of urological symptoms to
their GP. This was the primary reason for consulting for seven men, all of whom were offered a PSA test.
Of these, one man described requesting this:

P2: Well, for some time I'd had problems going to the toilet. So | thought, as soon as I, PSA, | decided
that once it started to [. . .] be a slight concern to me | had the PSA done.

INT: Right. So it was your choice?
P2: My choice, yeah. | went to the doctor and asked for the PSA tests.

Four of the 11 men had consulted for other reasons, but mentioned their urological symptoms as a
secondary issue.

Three men described how various health-care providers had suggested the PSA test. Two of these three
men were referred to secondary care and diagnosed with PCa following their first PSA test. One of these
recommendations to have the PSA test came from a man’s GP, in response to his history of urological
infections and his age (over 60 years). Recommendations made to the other two men came from nurses
involved in the long-term management of unrelated chronic conditions:

And she said ‘Have you had a blood test for your PSA? | said ‘No, I've never heard, | don’t know what
you're talking about. What is it?’ She said, "Well, it’s what men get, you know.” She said ‘Well we’ll

give you a blood test.’
P5

Three men had opted for routine PSA testing themselves, on the basis that they were aged over 60 years:

I went to my doctor and just wanted a, really as a check over, you know, a well man clinic. And part
of that check-up was a PSA test. It came back slightly raised at 4.8. So they decided to run another
PSA test a month later and it had gone up to 5.4. Umm, and the fact that it had gone up again began

ringing alarm bells.
P6

NIHR Journals Library www. journalslibrary.nihr.ac.uk



DOI: 10.3310/hsdr03300 HEALTH SERVICES AND DELIVERY RESEARCH 2015 VOL. 3 NO. 30

One man had started routine PSA testing following recommendations from friends:

He sort of pushed me to go and get it done. So | went for a health check [...] | was just over 60,
| think, and when | went for a health check | asked for that as well. So the first two times | had it done
there was nothing. [. . .] And then | think the third time [...] 6.1.

P20

Finally, one man described receiving a PSA test as part of a series of blood tests he had received while
receiving hospital care following an accident. Interestingly, this man did not recall being informed of this
PSA test at the time:

So, I think it was fortuitous, accidental. | suspect that had | not had the accident [. . .], | probably, even
now, would not have known about the prostate.
P1

Clinicians’ accounts of active surveillance follow-up protocols

Prostate-specific antigen testing

Clinicians from three sites reported that patients received 3-monthly blood tests via their GPs. Some
clinicians suggested that there was flexibility surrounding the 3-monthly PSA testing if dealing with stable
patients who had been on AS for a prolonged period (i.e. 18 months to 2 years):

After 18 months or so you can go to 6-monthly.
urs

The consistency of PSA testing could be considered as one of the more fixed components of the AS
programme for most sites. There was more variation observed across clinicians’ accounts at the site where
the protocol was under development, with discrepancies in how regularly PSA was reportedly monitored,
and how and when these patterns could change:

Well they um — 3- to 4-monthly PSAs first year, then variable.
SPN3

So following an outpatient discussion on the available evidence that that’s what we're going to do,
then the patients will have another PSA three months after that. And then depending on the results,
there will be a review of the PSA 3 to 6 months after that.

us

Overall, all clinicians suggested that there would be an initial PSA 3 months into starting an AS programme.
Beyond this, reports tended to align with 3—4-monthly PSAs within the first year, followed by a
flexible approach:

Um we generally do it for at least a year, | would say probably 2 years, and then we step it down a bit
after that. But again, you know, if you've got somebody who is 69 on surveillance you’d probably
drop it after a year.

uio
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Clinicians’ reported practices of conducting DREs were similar across three of the sites. Nonetheless,
clinicians’ views on the value of DREs varied by individual, irrespective of which site they were from.

Clinicians from three sites generally reported conducting DREs every 6 months, corresponding to whenever
a patient had an outpatient appointment. Two urologists were distinct in conducting annual DREs. The
fact that clinicians from one site produced wide-ranging responses was likely to be connected to the
absence of a protocol:

How often do you do DREs then?

Ah that varies on whether — | mean if these are — on the basis that usually these are all T1C
tumours, so impalpable, um then they will have a DRE when they come back obviously for the first
repeat biopsy. And then | will do it afterwards in the outpatients [. . .] but there isn’t a set protocol, the
same with the follow-up intervals, they are not prescribed, but | think it is important that one doesn’t
rely just on the PSA.

In line with the comment above, clinicians across all sites often framed the DREs as a way to compensate
for the limitations of PSA measures:

We do occasionally get patients whose PSAs remain stable and we do a rectal, in fact we had one just
recently and did a rectal examination and it’s a significantly advanced disease and the dynamics have
changed dramatically.

Because PSA has been well shown not to be a perfect marker for progression and the DRE sometimes
picks things up.

Some clinicians commented that DREs were highly subjective — especially if performed by different
clinicians over time:

| think if you’re having the same person carrying out the DRE every time, that that’s probably more
useful. | know that that isn’t practical. But you’re getting different people’s interpretations of, you
know, moderately enlarged to one person, you know, what degree is moderately enlarged? And um
feeling a nodule had — you know, it's personal interpretation, isn’t it? And | think there isn't enough
consistency probably.

Some clinicians implied that DREs were not sensitive enough to detect change, yet still conducted these
regularly for reasons stated earlier (i.e. to avoid relying on PSA alone). In the case of the clinician below,
DREs were thought to have psychological benefits for patients:

I think that it's valid psychologically to the patients. | think men find it very reassuring to be examined
for something that’s not being treated. How much that really is a sensitive test of the clinical
progression in somebody with low risk disease in the first year when realistically things tend not to
change, | question.
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The greatest range of views on DREs came from the site at which the protocol was under development.
Quotations demonstrating the disparate views at this site are shown in the main body of the report

(see Chapter 6). Views ranged from one urologist believing that there was no value in conducting DREs in
an AS programme that included rebiopsy, to another urologist implying that examining the prostate was
one of the most fundamental procedures that should be carried out when trying to monitor

prostate cancer.

Rebiopsy

Rebiopsy provoked the greatest variation of views across clinician interviews, and, for some, the greatest
expression of uncertainty. The site protocol was consistently reported by most clinicians from site 1:
rebiopsies were offered one year after starting on AS, followed by 2-yearly intervals. As before, clinicians
viewed this as an outline, making it clear that there was flexibility within this depending on individual
patient cases.

The greatest range of rebiopsy practices emerged from the site at which the protocol was under
development. Variation was found in relation to ‘initial’ rebiopsy times (ranging from 6-monthly to yearly)
and subsequent rebiopsies (ranging from yearly to ‘based on need’). Clinicians from this site were distinct
from others in that they were explicit about the uncertainties over when to rebiopsy (see Chapter 6,
Current practice within active surveillance programmes: follow up procedures and triggers for radical
treatment for quotations that succinctly demonstrate this).

Men’'s reassurance on active surveillance: clinicians’ descriptive
terminology of low-risk prostate cancer

At least half of the men interviewed talked about the severity of their cancer by repeating the terms they
recalled hearing at the time of diagnosis. Although this might be expected, it was interesting that men
offered these recollections of clinicians’ descriptions without prompting from the interviewer. This
suggested that the information they had gleaned from this consultation played a key part in shaping
how they understood their diagnosis. Most made reference to characteristics such as the grade, size,
aggressiveness and risk-level of the cancer:

We're bright enough to sort of understand ‘low-grade’” and ‘non-aggressive’.

P1
Now, if | was in deeper water, and things weren’t looking quite so rosy, um, maybe | might view it
differently. | really don’t know. Because I've been told it’s a very low-level risk . . .

P3
So I think, crikey: I've been told it’s not life-threatening, it’s not aggressive.

P7

Some men were able to recall more detailed elaborations of their risk status that had been communicated
by their clinicians:

Two samples were showing up . .. But he said ten years ago we wouldn’t have taken any notice
of that.
P3

Well, the lady registrar said that I'd got it. She said but it's like I've got a — it’s like a pussy cat, and
hoping it stays like a pussy cat and don’t turn into a tiger. That’s how she described it.
P5

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Simpkin et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

125



126

APPENDIX 3

Although there may have been limitations to portraying accurately what men had been told at the time of
diagnosis, two explanations of risk status recurred across numerous interviews. Eight men explained their
positive prognosis in terms of the likelihood that they would die with rather than of prostate cancer:

| got the impression that it wasn’t necessarily going to be that active or spread that quickly, um but
there seemed to be a good chance I'd die of something else before it actually got too serious. That
was the sort of conclusion to which | think [ arrived. I’'m not sure whether that was exactly what they
were telling me or just what | wanted to believe, but that seemed to be the message | got.

P14

Another recurring theme was the idea that low-grade PCa is a ‘hidden’, vastly prevalent condition that
goes undetected among the male population. This normalising of low-risk PCa appeared to reassure men.
The idea that the man could have been one of the thousands of men unaware of their cancer status may
have helped patients to refrain from viewing themselves as cancer patients (or ‘ill’):

| think the first time- the first consultant [. . .] said something like — | don’t know — 70% of men who
will die of old age have probably got prostate cancer but they don’t actually know it [...J. And | just
wonder if [. . .] my doctor hadn’t said ‘oh let’s do a blood test” when | went with my back problem
[ ..], then I guess | wouldn’t have known at this moment in time.

P17

Clinicians’ early descriptions of men’s cancer clearly set the tone for how men went on to understand their
condition in this purposeful sample of men with low-risk, low-volume cancer. The power behind clinicians’
actions and words was clear in the following explanation of how this patient had come to interpret

his diagnosis:

All right, nobody can say, well, don’t worry about it, ‘cos | know people can’t say that when you've

Just been told you’ve got cancer. But their body language has always been, well, we found it, but

you're a long way, and it's a non-aggressive type [. . .] | think if they could, they’d say, ‘don’t worry

about it’. But | don't think they can ever really say that to anybody, because who's not going to

worry about having cancer in some form or another? But | mean they’ve all pretty much said that one

way or another, ain't they, that [Partner: Mm] we keep an eye on you, but said not to worry about it.
P7

Patients’ perceptions of clinicians’ triggers for considering radical treatment
Men were asked to describe any changes in PSA that would concern them, but all responses were framed
around explanations they recalled hearing from their clinicians. The most common response involved rises
in PSA, described as a series of consecutive rises, or a steeply rising gradient of PSA figures:

And they've told me that one bad, one high figure, doesn’t mean anything. They wouldn’t react to [.]
one high PSA figure. It's only a, you know, an increasing pattern that they’ll respond to.
P8

Well | got the impression that if it started . .. | think that if it was rising fast, then | should be

considering treatment.
P13
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Three of 20 men talked about the PSA value of 10 ng/ml being a significant threshold, although each of
these qualified this by saying that the trend in PSA values was more important than absolute figures.

All three felt that clinicians had indicated there was some significance to a PSA value of 10 ng/ml. One of
these men felt that this might have been an outdated idea:

| can remember from years ago that 10 used to be a point where they were started to get a bit
panicky about it and think that perhaps they ought to do something about it. It sort of stuck in my
mind. Now, | don’t think they’re quite concerned so much about that now. | think they’re more
interested in a trend for you as a person, rather than 10 as a nasty point.

P2

Other individual examples of personal triggers for concern included a doubling of the most recent PSA
figure (P1), and deviations from age-adjusted reference lines for PSA (P4). The men who mentioned these
triggers had based this on discussion with their clinicians. P1 recalled asking his consultant what a
‘significant change’ in PSA value would be. P4 was the only patient to report being given age-adjusted
reference lines that denoted average PSA values in men without PCa. Hovering slightly above this line was
deemed acceptable to this man, in light of his PCa diagnosis:

In other words, I'm behaving like a mid-70-year-old in my late sixties. So, that bit of information has
been very helpful to me, to put it into perspective.
P4

None of the men reported that he would look into radical treatment in the face of concerning PSA values.
All participants responded that the next step would be to initiate a discussion with their consultant (and in
one case, their GP), or to wait for the results of a rebiopsy.

Quality assurance checklist for reporting of qualitative research

The reporting of the qualitative methods were checked against the Consolidated criteria for Reporting
Qualitative research (COREQ), a 32-item checklist for interviews and focus groups.'® The checklist is shown
below; the final column details where evidence can be found that the relevant criterion is satisfied.

TABLE 23 Quality assurance checklist for reporting of qualitative research

Domain 1: Research team and reflexivity
Personal characteristics

1 Interviewer/facilitator Which author(s) conducted the See Data collection methods
interview or focus group?

2 Credentials What were the researcher’s credentials ~ See Qualitative researcher profiles,
(e.g. Doctor of Philosophy, Doctor below this table
of Medicine)?

3 Occupation What was their occupation at the time See Qualitative researcher profiles,
of the study? below this table

4 Gender Was the researcher male or female? See Qualitative researcher profiles,

below this table

5 Experience and training What experience or training did the See Qualitative researcher profiles,

researcher have? below this table
continued
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TABLE 23 Quality assurance checklist for reporting of qualitative research (continued)

Relationship with participants

6

Relationship established

Participant knowledge of
the interviewer

Interviewer characteristics

Domain 2: study design
Theoretical framework

9 Methodological orientation

and theory

Participant selection

10 Sampling

11 Method of approach

12 Sample size

13 Non-participation

Setting

14 Setting of data collection

15 Presence of
non-participants

16 Description of sample

Data collection

17

20

21

Interview guide

Repeat interviews

Audio-/visual-recording

Field notes

Duration

Was a relationship established prior to
study commencement?

What did the participants know about
the researcher (e.g. personal goals,
reasons for doing the research)?

What characteristics were reported
about the interviewer/facilitator
(e.g. bias, assumptions, reasons and
interests in the research topic)?

What methodological orientation was
stated to underpin the study (e.g.
grounded theory, discourse analysis,
ethnography, phenomenology,
content analysis)?

How were participants selected
(e.g. purposive, convenience,
consecutive, snowball)?

How were participants approached
(e.g. face-to-face, telephone, mail,
e-mail)?

How many participants were in
the study?

How many people refused to
participate or dropped out? Reasons?

Where were the data collected
(e.g. home, clinic, workplace)?

Was anyone else present besides the
participants and researchers?

What are the important characteristics
of the sample (e.g. demographic
data, date)?

Were questions, prompts, guides
provided by the authors? Was it
pilot tested?

Were repeat interviews carried out? If
yes, how many?

Did the research use audio- or visual-
recording to collect the data?

Were field notes made during and/or
after the interview or focus group?

What was the duration of the
interviews or focus group?

See Prior relationship/contact with
research participants, below
this table

See Prior relationship/contact with
research participants, below
this table

See Prior relationship/contact with
research participants, below
this table

See section Chapter 6, Analysis

See Sampling and recruitment of
clinicians/nurses and Sampling and
recruitment of men on AS

See Sampling and recruitment of
clinicians/nurses and Sampling and
recruitment of men on AS

See Participant characteristics

See Participant characteristics

See Chapter 6, Data collection methods

See Chapter 6, Data collection methods

See Participant characteristics

See Chapter 6, Data collection methods

See Chapter 6, Data collection methods

See Chapter 6, Data collection methods

See Chapter 6, Data collection methods

See Chapter 6, Data collection methods
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TABLE 23 Quality assurance checklist for reporting of qualitative research (continued)

22 Data saturation

23 Transcripts returned

Domain 3: analysis and findings
Data analysis

Was data saturation discussed?

Were transcripts returned to
participants for comment and/or
correction?

See Chapter 6, Data collection methods

Transcripts were not shared with
participants

24 Number of data coders How many data coders coded See Chapter 6, Analysis
the data?

25 Description of the Did authors provide a description of See Chapter 6, Analysis

coding tree the coding tree?

26 Derivation of themes Were themes identified in advance or See Chapter 6, Analysis
derived from the data?

27 Software What software, if applicable, was used See Chapter 6, Analysis
to manage the data?

28 Participant checking Did participants provide feedback on A lay summary of findings was
the findings? shared with participants, although

this was not for purposes of
‘participant checking’

Reporting

29 Quotations presented Were participant quotations presented Evidenced throughout Chapters 6
to illustrate the themes/findings? and 7
Was each quotation identified
(e.g. participant number)?

30 Data and findings Was there consistency between the Evidenced throughout Chapters 6

consistent data presented and the findings? and 7

31 Clarity of major themes Were major themes clearly presented in  Evidenced throughout Chapters 6
the findings? and 7

32 Clarity of minor themes Is there a description of diverse cases or  Evidenced throughout Chapters 6

discussion of minor themes?

and 7

Qualitative researcher profiles

LR and JW are both trained (female) qualitative researchers who hold doctorates in health services research.
At the time of interviews, LR had one year of postdoctoral experience, whereas JW had 5 whole-time-equivalent
years of postdoctoral experience. Prior to their research careers, LR was an undergraduate student studying
physiological sciences and JW worked as a qualified speech and language therapist.

LR approached this project as a naive researcher, with little knowledge of the field or literature. JW had
prior experience of working on the ProtecT trial as a qualitative researcher and thus had extensive knowledge
of the field through her awareness of the literature and her own research with men diagnosed with PCa

(in the context of the ProtecT trial). This prior knowledge may have influenced JW's interpretation of data,
although JW's contributions were largely based on LR’s initial interpretation and analytical thoughts, rather
than raw data. We have no reason to believe that either researcher’s personal experiences or life history
would have influenced their approaches to data collection and analysis in a noteworthy way.
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Prior relationship/contact with research participants

Neither LR nor JW had prior contact or relationships with the research participants, bar clinicians whom
they had met at study introductory meetings (where a number of clinicians were recruited).

Clinicians and men all received study information sheets in advance of the research interview, which
explained why the research was being undertaken. Information from these sheets was condensed into a
brief slide presentation (Microsoft PowerPoint®; Microsoft Corporation, Redmond, WA, USA), which was
shown to some clinicians at study introductory meetings.

Information provided at the outset, either via information sheets or presentations, included no personal
details about the researchers or their personal aspirations. As such, interview participants will not have
been informed of any personal information about the researchers prior to being interviewed. A number of
men asked LR about her career and history after interviews (in the context of informal conversation).
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Appendix 4 Description of statistical methods used
to model repeated measures of prostate-specific
antigen

Linear mixed models

A LMM?"'% for the observed responses Y, i=1, ..., n, j=1, ..., n, where i indexes individuals and
J indexes measurements within individuals, can be written as:

Yii=WiB+ Xy +Ziu; + &, .

where g=p,,. .., B, is the p+ 1 dimensional vector of fixed effects and y=(y4,. .., y,) is the g dimensional
vector of time effects. The random effects u~ N(0,X,) are assumed here to have an unstructured rxr
covariance matrix X,. W, X; and Z; are the fixed, time and random design matrices, respectively, which
represent the fixed, time and random covariates specified in the model. The g;~ N(0,Z,) are the residuals
from the model. This model assumes that the relationship between outcome and covariate is linear. This
may not always be the case, and so we discuss two methods for accommodating non-linear relationships
within the mixed-models framework.

Fractional polynomials

Royston and Altman'®* suggest a simple set S=(-2, -1, -0.5, 0, 0.5, 1, 2, 3) of powers for transformation
of a covariate in a multiple regression setting (the power 0 is taken as log [X]). Fractional polynomials (FPs)
are used to model a response which is non-linear in some covariates. FP1 denotes a first degree fractional
polynomial where a transformation of a covariate X is captured in a single term (i.e. X9, g € S; for a single
covariate X. A second degree fractional polynomial (FP2) transforms a covariate X as X4 = X(a',92) where:

g — (@, a) _ X? X%); q,#q,

The best FP degree and power(s) are found through first fitting all models for each degree and choosing
the model from each degree (i.e. FP1, FP2) with the lowest deviance. Once the ‘best’ model of each
degree has been selected, a closed form algorithm'?® is used to find the best model. This algorithm
provides a straightforward hypothesis test of the linearity assumption, which should be checked before
continuing with a linear model.

Fractional polynomials were developed primarily for standard regression analysis but are easily commuted
to a multilevel framework.*®'%6 The model is written as in (1) where the time coefficient y =(y,.. .,y is a
vector of length m, corresponding to the degree of fractional polynomial used. For example, a FP2 mixed
model, taking powers 1 and 3 from S, with no fixed covariates W, would be:

Y,’j zﬁo +X,'j]/1 +X13}]/2 + Uoi +X,'/'U1,' +X/-3jU2,' +8,'j. (1 1)

By incorporating a random intercept and random effects for all terms involving time (X;), the individuals
may vary about the typical intercept and polynomial trend (linear and cubic trend here).
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Regression splines

Splines are piecewise polynomial functions that allow the response to be modelled differently in separate
intervals of the time covariate X. This is done by introducing knots or breakpoints to partition the range of X.
In statistical analyses, spline functions may offer the flexibility required to describe accurately non-linear
patterns which may exist in the relationship between variables. A linear spline basis for a single covariate
leads to the so-called broken stick model, where the fit is K+ 1 line segments joined end to end at the

K knots. Only the linear spline model is considered here, but higher degree spline bases may be used to
capture a conceptually smoother process.

Regression spline mixed models are simply LMMs with a reparameterisation of the time covariates.’’'*
The model can be written as (1) with time coefficients y = (y;,. . .y,), where S is the sum of the degree of
spline basis and the number of knots used. For example, taking one knot at time < for all individuals,

a RSMM with no fixed covariates W is:

Yii =P+ Xy, + (X,/—r)+y2 + Ui + Xty + (X/j—T)+U21 + €, (12)

where a, =a if a> 0 and 0 otherwise. This model allows each individual to have their own intercept

(Bo + Ugy), their own slope (y; + u;,) and their own adjustment to this slope after the knot (y, + u,).
Regression splines also offer a framework for checking the assumption of linearity of the response in the
predictor. If any estimated spline coefficients are found to have Cls not containing 0, this gives evidence
against the linearity assumption.

Functional principal components analysis

Functional data analysis'® offers an extension of non-parametric smoothing to repeated measures data.
These methods allow for flexible curves to be fitted to each member of a group and are very useful when
forgoing any assumptions about the shape of these curves. However, for a large number of individuals
with irregular measurement times, several functional data analysis methods become inefficient. Yao et al.™"
propose a version of functional principal components analysis (FPCA) whereby sparse and irregular
longitudinal data (such as those in our example) can be modelled.

The process of FPCA is highlighted in Figure 14 (constructed using the PACE example in MATLAB). Firstly,
the hierarchical structure of the data is ignored and a smooth curve is fitted to the pooled data. This
estimate for the mean is then used to build up a matrix of covariances; these represent the deviations from
the mean for each pair of time points. For example, two residuals on the same side of the mean fitted
curve would have a positive covariance; two on opposite sides would have a negative covariance. In order
to construct the required two-dimensional curves, this three-dimensional covariance matrix (or surface) is
decomposed (or summarised) into a linear combination of orthogonal eigenfunctions and eigenvalues.
These eigenfunctions, known as functional principal components (FPCs), act as a basis on which individual
trajectories can be constructed. In terms of mixed models, the FPCs can be seen as patterns of within
subject variance left over after the mean fit. The first FPC summarises the main pattern of variation from
the mean. After this, the second FPC, which is orthogonal to the first, explains the next main pattern of
variation from the mean and so on. Thus, the data are now summarised in terms of the mean pattern

and functions of the variation from the mean. The final step is to construct individual curves using these
summaries of the complex data. The individuals’ curves are found by multiplying the FPCs by scaling
factors which quantify the extent to which the individual’s trajectory correlates with the corresponding FPC
(or pattern of variation). For instance, if an individual follows the mean pattern exactly, their FPC scores
would be zero. The combination of the mean fit and FPC score scaled individually results in a smoothed
curve for each member of the cohort.
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FIGURE 14 Fitting process of functional PCA. (a) Smooth all data; (b) smooth covariance surface; (c) find FPCs from
smoothed surface; and (d) obtain individual curves using mean fit and FPCs.

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Simpkin et al. under the terms of a commissioning contract issued by the Secretary of State for

Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals 1 33
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be

addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science

Park, Southampton SO16 7NS, UK.






DOI: 10.3310/hsdr03300 HEALTH SERVICES AND DELIVERY RESEARCH 2015 VOL. 3 NO. 30

Appendix 5 Description of the studies and data
used for analysis
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