
Monitoring involves the scheduled,
repeated use of a test or tests in an
individual over time to make deci-

sions about the management of a disease or
condition. It is a central activity in the manage-
ment of care, taking up a considerable part of
the clinical workload and associated cost.1 In
contrast, the volume of published literature on
the evaluation and use of tests for monitoring
purposes is relatively sparse.

Mant and others have provided a framework
for developing and evaluating a monitoring strat-
egy with four main steps:1–3 deciding whether to
monitor, choosing a test, specifying and assess-
ing the monitoring strategy to be used, and
implementing the strategy. Underlying this
framework is the key concept that the “signal”
from the test, reflecting the status of the underly-
ing condition, should be greater than the sur-
rounding “noise,” or measurement variability,

that may affect the interpretation of the results.2,3

If the noise is too high in relation to the signal,
one’s certainty in a given test result will be con-
siderably reduced.

The repeated measurement of prostate -specific
antigen among men who have received primary
treatment for prostate cancer is an ap parently suc-
cessful example of a rule-based monitoring strat-
egy. The levels of prostate -specific antigen follow-
ing radical treatment vary. Recurrence of disease
following radical prostatectomy is associated with
the presence of prostate-specific antigen; follow-
ing radical radiotherapy, it is associated with a rise
in the level of prostate-specific antigen.4 When a
predefined level is reached, biochemical failure is
said to have occurred. The usefulness of testing
for prostate-specific antigen as a form of monitor-
ing is based on the assumption that biochemical
failure predates clinical failure within some clini-
cally meaningful time frame. The decision to initi-
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Background: The volume of published litera-
ture on the evaluation and use of tests for
monitoring purposes is sparse. Our aim was to
determine the extent to which recommenda-
tions for monitoring prostate-specific antigen
to detect recurrent prostate cancer consider key
factors that should inform rule-based strategies
for  monitoring. 

Methods: We reviewed the recommendations
made in clinical guidelines for the repeated
measurement of prostate-specific antigen in
men who have received primary treatment for
localized prostate cancer. We assessed the
guidelines using the Appraisal of Guidelines
for Research and Evaluation Framework. 

Results: We identified guidelines and statements
of best practice from nine organizations. We saw
considerable inconsistency in recommendations
for testing for prostate -specific antigen as a
form of monitoring. Recommendations on when

to test appeared to be almost exclusively deter-
mined using standard follow-up schedules rather
than any scientific basis. Recommendations on
when to take action were primarily based on
consensus statements or retrospective case
series. Eight of the nine guidelines acknowl-
edged the potential presence of measurement
variability, but they did not attempt to account
for the effect of such variability on the interpre-
tation of the results of tests for prostate-specific
antigen. Many recommendations were made
with few or no supporting references; however,
a variety of papers were cited across guidelines.
Of 48 papers cited, 29.1% (14/48) were reviews;
the remaining 70.8% (34/48) of papers cited
were primary  studies.

Interpretation: A systematic approach to the
development of monitoring schedules using
prostate-specific antigen in guidelines for
prostate cancer is lacking, due to inadequacies
in the available evidence and its use. 

Abstract
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ate treatment for recurrence, however, will depend
on multiple factors rather than on a single value.5

We reviewed clinical guidelines for recom-
mendations for monitoring prostate-specific anti-
gen for the detection of recurrent prostate cancer
to determine the extent to which the guidelines
consider key factors that should inform rule-
based strategies for monitoring. In particular, we
as sessed the degree of consistency between
guide lines, the explicit consideration of factors
important for specifying a strategy for monitor-
ing, and the use of supporting evidence to justify
any recommendations.

Methods

Inclusion criteria
We included guidelines that considered a test for
prostate-specific antigen for monitoring patients
whose localized prostate cancer was treated with
either radical prostatectomy or radical radiother-
apy. We excluded guidelines that considered only
screening or treatment. We did not consider rec-
ommendations for measuring prostate-specific
antigen after other potentially curative treatments
or as part of active surveillance.

Literature searches
We conducted a Boolean search of MEDLINE
from January 1999 to July 2009 for the following
medical subject headings: (“Prostatic Neoplasms”
or “Prostate-Specific Antigen”) and “Practice
Guideline.” We limited our results to publications
in English. We also searched the National Library
of Guidelines, the Trip database, and the
Cochrane Library and checked the reference lists
of the papers retrieved for further relevant guide-
lines. The titles and abstracts of retrieved records
were assessed independently for inclusion by
Jacqueline Dinnes and Jonathan Deeks, who also
resolved discrepancies by consensus.

Data extraction
We extracted all recommendations or statements
relating to the use of tests for prostate-specific
antigen following treatment with curative intent
and noted references to any supporting evidence.
We as sessed the methods used to create the
guidelines using the Appraisal of Guidelines for
Research and Evaluation framework. This frame-
work contains 23 key items organized into six
domains.6 We applied only the seven items
included in the domain for “rigour of develop-
ment” (Box 1; see Appendix 1, available at www
.cmaj .ca /lookup /suppl /doi :10 .1503 /cmaj .110600
/- /DC1, for a full description of the criteria). We
replaced the fourth item in this domain with one
relevant to using tests for monitoring, as opposed
to consideration of the benefits and harms of
interventions.

We took a generous approach to scoring each
of these items. For example, if a systematic
search was reported to have been done but was
not reported in detail, the guideline would score
three out of a possible four points. If a discussion
of evidence was provided that appeared to relate
to a recommended monitoring schedule, an
explicit link with evidence was judged to have
been provided without closer examination of the
actual evidence cited. We did not judge the
acceptability of rationale presented for the fre-
quency of testing or threshold values for results,
but we did note whether or not a rationale was
presented. A maximum score of four points was
attached to each of the seven items, for a maxi-
mum total score of 28.

Synthesis
We conducted a narrative synthesis.

Results

We identified guidelines (n = 7) or statements on
best practice (n = 2) from nine organizations,7–15

four of which were from North America, four
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Box 1: Framework criteria used to assess the rigour of guideline
development*

• Systematic methods of searching were used: Details of the strategy
used to search for evidence should be provided, including the search
terms used, the sources consulted and the dates of the literature covered. 

• Selection criteria are clearly described: Criteria for including or
excluding evidence identified by the search should be provided. These
criteria should be explicitly described, and the reasons for including or
excluding evidence should be clearly stated. 

• Formulation of recommendations are clearly described: There should
be a description of the methods used to formulate the recommendations
and how final decisions were made. Areas of disagreement and methods of
resolving disagreement should be specified.

• Recommendations should consider relevant issues for monitoring:†
For our study, these issues include the variability in measurements or the
need for retesting, the rationale presented for the choice of testing interval
and prostate-specific antigen threshold, and the acknowledgement of the
uncertainties in the natural history of prostate-specific antigen following
radical treatment.

• Explicit link to supporting evidence: There should be an explicit link
between the recommendations and the evidence on which they are
based. Each recommendation should be linked to a list of references on
which it is based.

• Guidelines underwent prepublication external review: A guideline
should be reviewed externally before it is published. A description of the
method used for the external review should be presented, which may
include a list of the reviewers and their affiliations.

• Procedure for updating guidelines is described: Guidelines need to
reflect current research. There should be a clear statement about the
procedure for updating the guidelines. 

*This framework is adapted from the “Rigour of Development” section of the original
Appraisal of Guidelines for Research and Evaluation instrument.6

†Original criterion related to the benefits and harms of interventions (i.e., “The guideline
should consider health benefits, side effects, and risks of the recommendations.”).



from Europe and one from Australia. Nearly all
of the guidelines scored poorly on the framework
criteria, with scores ranging between 9 and 16 out
of a possible 28 (Figure 1; see Appendix 1 for
further details). The sole exception was the set of
guidelines issued by the National Institute for
Health and Clinical Excellence, which scored
22 points.12 The highest scoring item of all of the
framework criteria was the use of systematic
searches. Such searches were reported in most of
the guidelines we studied, although they were not
often described in detail. Methods for the formu-
lation of recommendations were well described
(i.e., a description of the methods used, how final
decisions were made and methods for resolving
disagreement) in only three of the guidelines.10–12

Only one guideline fully considered relevant is sues
for monitoring tests;12 it was also the only one to
consistently provide clear links between its recom-
mendations and the underlying evidence base, and
it reported the methods used in more detail than
most of the other guidelines in our sample.

Table 1 shows the lack of consistency among
guideline recommendations regarding the fre-
quency of follow-up assessments and threshold
values for results; there does not appear to be
any clear pattern in recommendations over time.

Eight of the nine guidelines7–14 acknowledged
that levels of prostate-specific antigen may be
affected by technical or biologic variability. In
most cases, this information was presented in the
introductory sections of the guidelines; only one
set of guidelines tempered its recommendations
with reference to a single measurement of
prostate-specific antigen possibly being unreliable
and recommended retesting within two months.12

Three guidelines acknowledged the potential
impact of technical variation,11–13 recommending
that the same assay be used for each measure-
ment. Four guidelines made some attempt to jus-
tify the interval between tests,7,10,12,15 and three
guidelines discussed relevant issues affecting the
choice of threshold values.7,11,12 Three guidelines
stated that it was not possible to provide a rec-
ommendation on the most appropriate definition
of biochemical failure.8,9,11

Only three of the nine guidelines commented
on the difficulty of using prostate-specific anti-
gen as a monitoring tool owing to the uncertain-
ties in its behaviour following radical treatment
for prostate cancer.9,11,12 Two sets of guidelines
clearly recognized that not all men with bio-
chemical failure go on to experience clinical fail-
ure such that evidence of the former alone may
not be sufficient to alter treatment.11,12

Many recommendations on the frequency of
testing or threshold levels for prostate-specific
antigen were made with no or few supporting

citations (Table 1). Only one guideline10 cited a
primary study in support of its recommended
intervals for monitoring, and only four of the
guidelines10,12,14,15 showed the level of evidence
sup porting their recommendations. The levels of
evidence cited ranged from consensus of the
“Guideline Development Group” to “well -
conducted clinical studies” (Table 1), suggesting
that different groups had different views on the
quality of the evidence available.

Despite the general lack of citations in indi-
vidual guideline documents, a wide range of
papers were cited across guidelines. A total of
48 papers were cited (Table 2 and Appendix 1);
29.1% (14/48) were reviews, and the remainder
were primary studies, almost exclusively retro-
spective in nature. Of the 34 primary studies, we
judged half (17) to have studied the natural his-
tory of prostate -specific antigen following treat-
ment and eight to have evaluated the effect of
dif ferent definitions of biochemical failure on
clinical outcomes. Only two primary studies ex -
amining variability in measurements were cited.

Most of the studies were cited by only one or
two of the guidelines; those references cited by
three or more guidelines are presented in Ta -
ble 3. Among the most frequently cited studies
were two consensus statements16,17 and a review
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Figure 1: Chart showing the scores guidelines received for each of seven frame-
work criteria used to assess the rigour of guideline development. UK PCWG =
UK Prostate Cancer Working Group, ACN = Australian Cancer Network, AUA =
American Urological Association, DUA = Dutch Urological Association, NCI
PDQ = National Cancer Institute – Physician Data Query (US), NICE = National
Institute for Health and Clinical Excellence (UK), EAU = European Association of
Urology, NCCN = National Comprehensive Cancer Network (US).
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of definitions of biochemical failure.5 The four
most frequently cited primary studies had the
largest sample sizes of all of the primary studies
cited; three of the four studies evaluated different
definitions of biochemical failure,18–20 and one
studied the natural history of disease progression
among men with elevated levels of prostate -
specific antigen.21

Discussion

We found considerable inconsistency among the
recommendations made in the different guide-
lines we studied in terms of using prostate -
specific antigen as a monitoring tool, even when
the guidelines were published within a few years
of each other. Factors considered to be important
when specifying a monitoring strategy were
given limited attention and were not well -
supported with reference to primary literature.

Recommendations on when to test and what
action to take consequent to a given test result
were very much considered in isolation from each
other. “When to test” appeared to be almost exclu-
sively determined by standard follow-up sched-
ules rather than being based on any scientific evi-
dence. Although most guidelines acknowledged
the potential for variation in measurements, they

did not attempt to account for the potential effect
of such variation on the interpretation of test re -
sults. A systematic review of biologic variation in
levels of prostate-specific antigen found mean
variability of 20%.22 A calculation of the reference
change values suggested that to be 95% sure that a
change in total prostate-specific antigen is not due
to random variation, the change needs to be about
50% of the previous measurement.22 This review
was not cited by any of the seven guidelines sub-
sequently published.

Recommendations on when to take action
were based on consensus statements or retro-
spective case series with little attention paid to
variations in the definition of the threshold, the
definition of clinical failure, and the frequency
and length of follow-up between studies; each of
these factors can affect the accuracy of any given
cut-off. Sensitivity and specificity are also
known to be affected by differences in the case
mix ture between studies.23 These differences
were not acknowledged by any of the identified
guidelines; however, a 2005 review of monitor-
ing prostate cancer with prostate -specific antigen
found it impossible to recommend any single
definition of biochemical failure after treatment
for this reason.24 This review was cited by only
one of the nine guidelines,12 possibly because it
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Table 2: Evidence used to support recommendations made in guidelines for monitoring with prostate-specific antigen 

  Recommendation 

Type of study No. of studies 
Frequency of 

testing 
Threshold (radical 

prostatectomy) 
Threshold (radical 

radiotherapy) Variability 

Uncertainty in 
natural history 

of PSA 

ASTRO consensus 
statements 

  3 x  x   

Best practice statement   1 x     

Reviews 10 x x x x x 

Primary studies 34 x x x  x 

Acceptability of follow-up   3 x     

Optimal frequency of 
follow-up 

  1 x     

Natural history of PSA 
following treatment 

15 x x x  x 

Natural history of PSA 
without treatment 

  1  x    

Salvage radical 
radiotherapy outcomes 

  4  x    

Testing biochemical failure 
definitions 

  8  x x  x 

Measurement variability   2    x  

No. of guidelines citing 
evidence 

 4 6 7 2 3 

Note: ASTRO = American Society for Therapeutic Radiology and Oncology, PSA = prostate-specific antigen. 



was not fully systematic. A relatively systematic
method was used to identify studies for inclusion
in the review, but most of the studies apparently
meeting the inclusion criteria were excluded
because of poor design, small patient numbers,
insufficient follow-up, space limitations in jour-
nals or duplicate publication. The definitions of
these criteria and the number of studies excluded
for each reason were not clearly documented,
therefore the review cannot be considered fully
systematic. Given the lack of descriptions of
inclusion criteria used in the guidelines, it is dif-
ficult to reconcile why an individual study or
review was or was not included.

Reviews of guidelines in other areas have
shown similar findings regarding the presenta-
tion of evidence for recommended schedules for
monitoring.25,26 Reviews of treatment27 and diag-
nostic guidelines28 have identified a similar in -
consistency in recommendations between guide-
lines and variation in the evidence cited, with
some referring to a substantial body of evidence
and others presenting very little.29–31

Several factors are likely to contribute to our
findings. First, although monitoring is starting to
receive more attention,32 there is a lack of high-
quality evidence and clear guidance in terms of
what to consider when establishing monitoring

strategies. It is therefore perhaps not surprising
that relevant evidence has not been used to
inform guidelines.

Second, the various pieces of information
needed to inform a monitoring strategy are not
usually available from a single study. Ideally, one
or more monitoring strategies should be evalu-
ated in a randomized controlled trial or some
form of prospective comparative study. Where
there is high-quality evidence, greater consensus
between guideline recommendations and stronger
guideline recommendations have been found.27

Randomized trials of monitoring, however, have
their own challenges33 and are consequently rela-
tively rare. Instead, evidence has to be gathered
from various sources. Although the diversity of
evidence needed to inform coherent monitoring
strategies makes the identification of relevant
pieces of evidence a challenge for guideline
developers and likely adds to the inconsistency in
recommendations between guidelines, guideline
developers have a responsibility to highlight rec-
ommendations where there is a lack of evidence
or the evidence is  inconsistent.

Efforts to improve the evidence base for mon-
itoring are ongoing. For example, a Bayesian
hierarchical changepoint model has been used to
simulate the behaviour of prostate-specific anti-
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Table 3: The seven most commonly cited studies in guidelines for screening with prostate-specific antigen from nine organizations 

Study Design/aim (as extracted from abstract) 
Statement(s) supported by 

the study 
No. of guidelines 
citing the study 

Roach et al. 17 (2006) Reports second consensus conference to revise the 
ASTRO definition of biochemical failure 

Threshold value for PSA 
after radical radiotherapy 

5 

Pound et al. 21 (1999) Retrospective review of a large surgical series (n = 
1997) to examine the natural history of progression 
to distant metastases in men with elevated levels of 
PSA following surgery 

Frequency of testing, 
threshold value for PSA after 
radical prostatectomy, 
natural history 

5 

Kuban et al. 18 (2006) Primary study of radioisotopic implant as solitary 
treatment for localized prostate cancer (n = 2693); 
multiple definitions of PSA failure were tested for 
their ability to predict clinical failure 

Threshold value for PSA 
after radical radiotherapy, 
natural history 

4 

ASTRO16  
(1997) 

Consensus statement providing guidelines for PSA 
following radiation therapy 

Frequency of testing, 
threshold value for PSA 
after radical radiotherapy 

3 

Cookson et al.5 (2007) AUA review of the variability in published definitions 
of biochemical recurrence; recommends a standard 
definition for patients whose cancer is treated with 
radical prostatectomy 

Threshold value for PSA after 
radical prostatectomy, 
natural history 

3 

Horwitz et al.19 (2005) Determined the sensitivity and specificity of several 
definitions for biochemical failure using pooled data 
from 4839 patients whose cancer was treated with 
external-beam radiotherapy alone 

Threshold value for PSA 
after radical radiotherapy 

3 

Stephenson et al.20 

(2006) 
Tested 10 definitions of biochemical failure to 
identify the one that best explains metastatic 
progression; study involved 3125 patients who 
underwent radical prostatectomy  

Threshold value for PSA 
after radical prostatectomy 

3 

Note: ASTRO = American Society for Therapeutic Radiology and Oncology, AUA = American Urological Association, PSA = prostate-specific antigen. 



gen following radiotherapy from primary data;34

the sensitivity and specificity of different defini-
tions of biochemical failure were then compared,
allowing for the control of characteristics that
might affect the accuracy of definitions. More
pertinently, statistical models using estimates of
mean change and variability in a measurement
over time to suggest optimal intervals for moni-
toring are being developed. A review of four case
studies35 found that for each topic (assessing
chol esterol levels for secondary prevention of
coronary artery disease,36 long-term monitoring
of blood pressure,37 measurement of glycated
hemoglobin in type 2 diabetes38 and monitoring
of CD4 cell counts in HIV-1 infection39) the
results suggested frequent monitoring. There is
clear potential for the extension of this work to
monitoring in other settings.

Finally, general failings in the processes used
to develop guidelines are likely to contribute
substantially to the variations among published
documents. In a review of guidelines for hyper-
tension, Campbell and colleagues found a lack of
rigour in the methods used to develop them.29 In
our sample, the National Institute for Health and
Clinical Excellence and the Australian Cancer
Network were the only organizations to cite pub-
lished handbooks on the development of guide-
lines,8,40 which may explain their higher ratings
on the evaluation instrument we used. Guidelines
that were clearly based on expert consensus
tended to score considerably lower.13,15 Savoie
and colleagues28 suggest that the greater the
involvement of clinical experts in the develop-
ment process, the less the recommendations
reflect the evidence. It is likely that in the
absence of clear methods for assessing monitor-
ing strategies, greater involvement of methodolo-
gists on guideline panels would be beneficial.

Strengths and limitations
Our literature search was limited to a single,
albeit large, medical database, supplemented
with searches of more specialist resources, and
records were limited to the English language.
However, we have identified key guidelines that
provide a good representation of the methods
used by well-known agencies. Although other
guidelines may be available, they are unlikely to
have used alternative methods or to report on
evidence that the included guidelines  omitted.

Our use of the original Appraisal of Guidelines
for Research and Evaluation instrument39 may be
criticized given that it has been 10 years since its
publication; however, at the time the framework
was chosen, the update to the original instrument41

and other potentially useful frameworks42,43 were
not yet available. Nevertheless, our approach to

assessing the development and content of the
guidelines was systematic and provides a reason-
able means of comparing  guidelines.

We were not able to comment fully on the
state of the underlying literature cited in support
of monitoring schedules, as we did not retrieve
copies of all primary studies cited. Furthermore,
our “generous” approach to associating citations
to recommendations may have inadvertently led
to citations incorrectly being associated with re -
commendations. This may have led to some bias
in favour of the guidelines, which could only be
avoided by a full review of all evidence cited or
by direct contact with the guideline’s authors to
determine which aspect of the recommendations
were supported by the citations; neither of these
solutions were within the scope of our review.

Our use of only one case study may limit the
ability to generalize our results to other topics;
however, we have no reason to believe the picture
would be any better or worse in other areas.
Indeed, Moschetti and colleagues found similar
results for monitoring in cardiovascular disease.26

Our systematic approach to assessing the de -
velopment and content of the guidelines provides
insight into how strategies for monitoring are
developed and reported, and we have presented a
general picture of the type of evidence that has
been cited. The true picture may be worse, given
our attempt to attribute citations to recommenda-
tions wherever possible.

Conclusion
Our findings highlight the lack of a scientific or
systematic approach to the development of mon-
itoring schedules for prostate-specific antigen as
reported in clinical guidelines, due both to inade-
quacies in the available evidence and its inappro-
priate use. This approach results in considerable
inconsistency among guidelines.

Agencies producing guidelines should be
encouraged to adopt systematic approaches to
the development of their documents, such as
those developed in the UK,40 Australia42 and the
US,43 and should take care to explicitly consider
each element of a recommended monitoring
schedule (interval, threshold and action to be
taken on crossing the threshold) and the standard
of its evidence base.
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