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Delayed definitive management of localized prostate cancer:
what do we know?
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Delays in the work-up and definitive management of patients with prostate cancer are common, with logistics of additional work-
up after initial prostate biopsy, specialist referrals, and psychological reasons being the most common causes of delays. During the
COVID-19 pandemic and the subsequent surges, timing of definitive care delivery with surgery or radiotherapy has become a topic
of significant concern for patients with prostate cancer and their providers alike. In response, recommendations for the timing of
definitive management of prostate cancer with radiotherapy and radical prostatectomy were published but without a detailed
rationale for these recommendations. While the COVID-19 pandemic is behind us, patients are always asking the question: “When
should I start radiation or undergo surgery?” In the absence of level I evidence specifically addressing this question, we will hereby
present a narrative review to summarize the available data on the effect of treatment delays on oncologic outcomes for patients
with localized prostate cancer from prospective and retrospective studies.

Prostate Cancer and Prostatic Diseases; https://doi.org/10.1038/s41391-024-00876-2

INTRODUCTION
Delayed treatment of prostate cancer is a common occurrence in
patients presenting with clinically localized disease [1, 2].
Frequently, such events are brought up in the context of planned
vacations, business trips, logistics, psychosocial reasons, national
disasters (e.g. floods, hurricanes, earth quakes), or mechanical
failures (e.g. linear accelerators). In addition, for patients with low-
risk disease, an intentional deferment of treatment (termed “active
surveillance”) is a common and often preferred management
strategy [3]. In 2020, the COVID-19 pandemic has brought acute
attention to this matter and caused a substantial shift in the risk-
to-benefit ratio associated with managing these patients forcing
providers to critically rethink the merits of screening, biopsies,
diagnostic work-ups, and initiation of treatment [4, 5].
Given the fact that the majority of men with prostate cancer are

older than the age of 65 at the time of diagnosis and may have
pre-existing health conditions, most are at a higher risk for other-
cause mortality especially those presenting with favorable risk
[6, 7]. These patients with low-risk disease can live many years
without any intervention and death from prostate cancer mostly
affect younger men with high-grade or advanced stage disease
[8, 9]. Nevertheless, delaying treatment must be balanced against
the risk of prostate cancer progression especially in patients
presenting with high-grade disease or advanced stage. In all cases,
it is extremely important to educate our patients and their families
about the natural history of prostate cancer and reassure them
that prostate cancer tends to progress relatively slowly in the vast
majority of cases [10].

In response to the COVID-19 pandemic, recommendations for
the definitive management of localized prostate cancer with
radiotherapy and radical prostatectomy have been published but
the evidence supporting the explicit impact of delays on
outcomes was not included [11, 12]. The National Comprehensive
Cancer Network (NCCN) has also published guidelines for the
management and for early detection of prostate cancer during the
COVID-19 pandemic [4, 5]. While there are no prospective phase III
randomized clinical trials (RCTs) specifically designed to answer
this question about acceptable delay periods, “evidence-based”
recommendations concerning the impact of delayed definitive
treatment can be extrapolated from a number of sources [13, 14].
The aim of this paper is thus to perform a narrative review of the
literature on the available evidence of the impact of delays in the
definitive treatment [using either radiotherapy (RT) or radical
prostatectomy (RP)] of prostate cancer on oncologic outcomes.
While the COVID-19 pandemic was the impetus of this review, we
believe this topic remains of great importance given the
prevalence of delays in prostate cancer.

METHODS
Three authors (MR, OM, YL) searched the literature via Pubmed
(from January 2000 to June 2020) for full papers (not abstracts)
with the following words: delayed (OR deferred OR expectant
management) AND prostate (OR prostate cancer) AND surgery (OR
radiation). We limited our search to papers with available median
(or mean) delay and clear definition of comparison groups. When
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duplicated or updated analyses were available, we used the most
recent manuscript if it included the required data elements.
Notably, there are two general categories of data that we used to
estimate the potential impact of delayed RP or RT. The first
category comes from information that can be extrapolated from
phase III RCTs which incorporated multiple treatments (most
staggered in time relative to the start of the radical treatment,
specifically RP or RT). The second comes from post-hoc retro-
spective studies evaluating the impact of delays measured from
the time of biopsy until the time of definitive local treatment by
RP or RT. Interpretation of the impact of delays from RCTs, which
compared immediate versus delayed definitive treatment, is
based on two major assumptions. If the trial was positive (i.e.
demonstrated an improvement in the specified outcome for the
immediate treatment arm as compared to the delayed arm), then
the delay was too long. In this case, one must assume a safe delay
must be shorter than the one used in that trial. In contrast, if the
delay in treatment (RP or RT) resulted in a survival that was
comparable to or better than the immediate treatment arm, then
the delay was not excessive. Regarding the interpretation of both
the RCTs and retrospective studies, due to the heterogeneity in
duration of delays, patient selection, exclusions and practice
patterns (e.g. earlier treatment of high-risk patients), we con-
cluded that it would not be appropriate to attempt to do a meta-
analysis to assess the impact of delays on outcomes of either sets
of data. Similarly, in the absence of any RCT specifically designed
to answer whether delayed definitive management of prostate
cancer would affect oncologic outcomes, we did not perform a
systematic review. Finally, we did not formally assess quality or
bias due to the heterogeneity of the data included in these
studies.

Data from randomized trials
Delayed definitive radiation or definitive radical prostatectomy. We
identified 26 RCTs in which a delay in definitive local treatment (RT
or RP) occurred in one of the treatment arms [15–40] (Table 1).
Eight RCTs compared delayed RT preceded by neoadjuvant
androgen deprivation (ADT) hormonal therapy (NHT) to immedi-
ate RT, or compared shorter durations of NHT to longer durations.
These trials are RTOG 8610, RTOG 9408, D’Amico (these 3 studies
compared 2 months of NHT vs. immediate RT), Crook (8 vs.
3 months of NHT), ICORG 9701 (4 vs. 8 months of NHT), RTOG 9910
(7 months vs. 2 months of NHT), TROG 9601 (2 vs. 5 months of
NHT vs. immediate RT), and Malone (4 months of NHT vs.
immediate RT+ ADT) [15–22] (Table 1). Taken together, these
studies (four with a radiation alone control arm) suggested that for
patients with intermediate- to high-risk prostate cancer, delaying
RT up to 7–8 months was safe if preceded by NHT. In fact, patients
in the immediate RT alone arms consistently demonstrated worse
outcomes than in the delayed RT (NHT+ RT arm), reflecting the
therapeutic benefit of ADT. Similarly, there are at least 6 trials
comparing neoadjuvant ADT prior to RP [23–28] (Table 1). Taken
together, these studies demonstrated unequivocally that delays of
up to 3–8 months prior to RP or RT are likely to be safe if preceded
by NHT. However, in contrast to RT-based therapy, results from the
RP-specific studies did not demonstrate an improved survival in
the NHT+ RP arms. Therefore, NHT prior to RP should not be
routinely recommended. However, in the event that RP needs to
be delayed in patients with high-risk profiles, NHT for at least
3 months can be safely used to delay the start of radical therapy
with likely no discernible decrease in outcomes.

Benefit of local interventions. Two major RCTs compared hormo-
nal therapy alone vs hormonal therapy and RT and demonstrated
that the addition of RT improved overall survival (OS) [29, 30].
Similarly, three studies comparing immediate RP vs observation
(Swedish SPCG-4, PIVOT, and ProtecT) suggest a benefit with RP
compared to observation [31–33]. Results from the ProtecT trial

were recently published [41]. This study compared immediate
“radical” treatment (RP or RT) to active monitoring (AM). Men
enrolled on the AM arm remained on AM for a median of 7.7 years
and had a slightly increased risk of clinical progression [which
included metastatic disease, local progression, or initiation of
ADT]. Ultimately, 55% of patients progressing to T3-4 disease
subsequently underwent RP (20%) or RT (35%) [41]. Pooled
estimates of “radical” local treatment showed reduced incidence
of prostate cancer deaths, metastatic disease, and the onset of
ADT. “Radical” treatment was also associated with a reduction in
prostate cancer mortality when compared to men either
randomized to AM or who choose AM off study (although the
number of deaths was relatively small). Notably, patients on the
ProtecT trial had very favorable disease with a median PSA of
∼4.5 ng/ml, 75–80% had Gleason grade group 1, and with 2/3rd

low-risk disease. Thus, based on the data from this trial, delayed
definitive local therapy should probably be less than 7 years to be
safe (for patients with favorable-risk disease). It is noteworthy to
mention that the benefits of radical intervention are less for older
patients with screen-detected low-grade prostate cancer. Since
the results associated with either RP or RT were similar, it is also
reasonable to assume that similar durations of delays would apply
to both equally for this favorable group of patients. These updated
findings are consistent with those of the updated PIVOT trial [32].

Delayed post-operative radiotherapy. In the post-operative setting
after RP, three “older” phase III trials compared immediate
(“adjuvant”) post-operative RT to observation with delayed RT if
necessary (i.e. “salvage” RT at time of clinical or biochemical failure
at the discretion of treating physician) in patients with positive
margins or pT3 disease [34–36]. In addition, a Finnish trial
compared “early adjuvant” RT vs observation with salvage RT
given to most patient with biochemical failure in the observation
arm [37] (Table 1). Moreover, three contemporary trials (“RAVES”,
“RADICALS”, and “GETUG-AFU 17) compared “early salvage” (a
short delay until PSA 0.1-0.2) to immediate (adjuvant) RT [38–40]
and have been recently presented, along with a planned meta-
analysis [42]. While the SWOG 8794 study showed improved OS
with adjuvant RT compared to observation, these RCTs suggest
that post-operative RT can be safely delayed until PSA failure
occurs (PSA 0.1-0.2). However, whether RT should be delayed in
patients with higher risk pathologic/genomic features (especially
seminal vesicle involvement, lymph node involvement, Gleason
score 8-10, and/or high-risk genomics, etc.) remains to be
answered. Of note, data from randomized studies suggests that
salvage RT at earlier pre-RT PSA improves outcomes (RTOG 9601,
RTOG 0534, and GETUG-AFU 16) [43–45] and the role of NHT to
delay RT in that setting is less well understood.
Regarding the available data from multiple phase III RCTs, several

conclusions could be drawn concerning the impact of a definitive
treatment timing delay on the outcomes of local intervention for
localized prostate cancer (RP or RT). First, for patients with
intermediate- and high-risk prostate cancer, NHT can safely allow a
delay of up to 8 months without affecting outcomes. Patients with
more favorable disease could potentially be delayed on AS or AM for
7 years or less. In the post-operative setting, early adjuvant RT could
be omitted with PSA follow-up to allow for early salvage RT. However,
delaying RT in patients with biochemical recurrence may not be
advisable but a period of NHT of at least 2 months is reasonable.

Post-hoc retrospective series
We identified 39 retrospective studies which investigated the
impact of delay, as measured from time of biopsy to definitive
treatment (RT or RP), on prostate cancer outcomes including
adverse pathologies after RP (See Appendix for references). The
total number of patients was 1,164,164, including 1 SEER and 3
NCDB studies which alone contributed 1,107,404 patients. Four
studies were restricted to patients treated with RT alone
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(n= 6870), 32 studies included patients treated with RP
(n= 209,515), and three studies included both RT and RP patients
(n= 947,779). Among the RT only studies, three explicitly
excluded patients receiving ADT (Nguyen et al., Kwan et al., and
Andrews el al.). For all patients in the 39 studies identified, the
median delay (or mean when median was not available) generally
appeared to be relatively short, and averaged approximately
3.4 months (approximate range 1.5–9.9 months). A major
challenge with analyzing these results is the absence of a
universally accepted definition of delay. Even within each study,
there was a wide variation in delay reporting and in the delay
interval among the groups being compared. For example, the
time intervals studied in the delayed intervention group for
Ahmad et al., Warlick et al., Filippou et al., Cooperberg et al., and
Dall’Era et al. were 31, 26.5, 20, 19.5, and 18 months, respectively.
Despite these long delays, the number of patients in these groups
was too small to affect the overall median delay. Furthermore,
several studies suggested that patients with delays actually had
improved outcomes, or had documented evidence that their
institutional policy favored earlier treatment of patients with more
advanced disease than those with lower risk disease.

Studies with low-, intermediate-, or high-risk prostate cancer
exclusively. Seven of the 39 studies were limited only to low-
risk patients (Supplementary Appendix A), whereas six studies
included low- and intermediate-risk patients (Supplementary
Appendix B). Several general observations concerning these data
can be made. Studies with low-risk patients only (n= 38,915) had
an average median delay of ∼4 months, were all in the setting of
RP, and generally showed that delays as long as 6 months are
likely to be safe. Longer delays might be safe for oncologic
outcomes as shown by Warlick et al., van den Bergh et al., and
Dall’Era et al.. However, some studies showed that delays longer
than 6–12 months (Freedland et al., O’brien et al., Weiner et al.,
and Sun et al.) may negatively affect oncologic (adverse
pathological features) and functional (sexual function and
incontinence rates) outcomes. Studies that included low- and
intermediate-risk patients (n= 13,210) had a median delay of
6.5 months (excluding two studies with missing median delay
data), were all in the setting of RP, and also had mixed results.
Four studies compared ∼3 vs. ∼19–31 months without any
statistical difference in oncologic and pathologic outcomes
(Holmstrom et al., Cooperberg et al., Filippou et al., and Ahmad
et al.). On the other hand, other studies reported that delays
>6–12 months were associated with worse pathological findings,
worse biochemical recurrence, and increased need for post-
operative RT (but not necessarily prostate cancer mortality). These
adverse outcomes were likely driven by the intermediate-risk
subgroup. One study exclusively included patients with high-risk
disease treated with RP and concluded that delays >12 weeks
were safe although patients in the >12 weeks group had more
favorable characteristics (Supplementary Appendix C).

Studies with mixed-risk prostate cancer patients. The remaining 25
(64%) studies included combinations of low-, intermediate-, and
high-risk patients (n= 1,110,647) (Supplementary Appendix D).
There appears to be consistent evidence that lengthy delays are
associated with worse outcomes in high-risk patients (Nguyen
et al., Berg et al., Fossati et al., Zanaty et al., and Awasthi et al.).
Papers that did not confirm this observation either had very short
delays and/or explicitly excluded patients with long delays (e.g. >1
year). In addition, they included only favorable-risk patients, had a
practice pattern that explicitly prioritized treatment of high-risk
patients first, were underpowered, or included heterogenous
cohorts. Three of the definitive RT papers explicitly favored short
delays for high-risk patients and in one of them, nearly 75% of the
patients with delays exceeding 3.3 months received ADT (Dong
et al., Kwan et al., and Andrews el al.). The remaining RT study

excluded men receiving ADT and supported the notion that
delays compromise outcomes for high-risk prostate cancer
(Nguyen et al.). For high-risk patients who received RP, a threshold
of 6–12 months of delay or more appears to be associated with
worsened outcomes.
General conclusions can also be reached concerning the

17 studies with mixed cohorts, after excluding the series in which
the investigators noted possible institutional preference for
treating high-risk patients earlier (Khan et al., Graefen et al.,
Andrews et al., Kwan et al., Hirasawa et al., O’Callaghan et al.,
Gupta et al., and Diamand et al.). Among those studies that failed
to show an association with delay, two are small in cohort size and
underpowered (Shibata et al. and Lee et al.), one excluded
patients delayed >6 months (Aas et al.), two excluded patients
delayed >1 year (Boorjian et al., and Vickers et al.), and four had
very short median delay of <2 months (Lee at al., Phillips et al.,
Korets et al., and Khorana et al.). In another study which also did
not find a difference with prolonged delay for high-risk patients,
the percentage of patients with a delay >6 months was only ∼3%
(Ginsburg et al.). In addition to statistical concerns of multi-
collinearity and overfitting, the percentage of patients with high
Gleason grade group was also relatively small (∼25%), indicating
selection bias and low power. Of the remaining 8 series not
suffering from these limitations, six concluded that delays
adversely impacted outcomes particularly for high-risk patients
(Nam et al., Nguyen et al., Berg et al., Fossati et al., Zanaty et al.,
and Awasthi et al.). Thus, in adequately powered studies, not
including ADT, most studies suggest that delays beyond
6–12 months adversely impact patients outcomes for patients
with high-risk prostate cancer.

DISCUSSION
Several recommendations have been published during the COVID-
19 pandemic on recommended treatment initiation delays for
patients with prostate cancer, without deeply assessing the
evidence behind such recommendations. While the COVID-19
pandemic is over, physicians are always asked about acceptable
and safe definitive treatment delays due to vacations, logistical
concerns, or psychosocial reasons. Our goal was to perform a
narrative review of the literature on the available evidence of the
impact of delays in the definitive treatment of prostate cancer,
using RCTs and retrospective studies. The first category of RCT
data likely provides an upper limit for estimating “reasonable
delays”, while the retrospective post hoc studies may represent a
“real world” reflection as what usually happens in the course of
common practice. Our conclusions concerning these combined
data are as follows. First, due to the nature of the data (variability
in how data were collected, sub-categories assessed, variability of
follow-up, the definition for delay used and endpoints) and the
absence of any trials specifically designed to answer the question
of delayed radical interventions in prostate cancer, it became clear
that the available data were not suitable for a meta-analysis.
Second, given the inherent bias in the studies available, it was not
possible to assess bias in this narrative review. Third, although
there appeared to be conflicting results between several series,
the vast majority of the differences between studies can be
explained. Fourth, it is very important to note that the best
available evidence suggests that systemic treatment alone is
inadequate and that “radical” local treatment (RP or RT) should not
be omitted for younger patients with locally advanced disease.
Finally, some general and safe conclusions concerning acceptable
duration of delays can be made (see below and Table 2).
In light of presented data, patients and physicians may want to

consider selectively and safely delaying the treatment of localized
prostate cancer, if needed. Fortunately, there appears to be some
available evidence based on which to make recommendations
concerning the safety of such delays (Table 2). All patients with
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clinically localized prostate cancer should be reassured that
delaying initiation of treatment (whether surgery or radiation)
for 3–6 months is likely to be very safe. For patients with low-risk
disease, delays measured in years is likely to be safe. For patients
with unfavorable or high-risk disease (especially those considering
radiation), ADT can be initiated and the neoadjuvant period can
be extended to 8 months prior to the initiation of radiation,
without compromising oncologic outcomes. In between these two
groups (i.e. low- and unfavorable intermediate-risk/high-risk) are
patients for whom the use of ADT may not appropriate (e.g.
surgical patients, favorable intermediate-risk patients). For this
subset of patients, delays should be individualized as some may
behave more like the former group and others like the latter
group. In the post-operative setting, salvage RT should replace
adjuvant RT. For patients with PSA failure, impact of delaying
salvage RT is less understood but NHT can be used to delay RT
initiation.
The COVID-19 pandemic caused significant delays in prostate

cancer screening and treatment initiation [46], leading to the
publication of several guidelines on appropriate delays of
definitive treatments. The conclusions from our analysis are
similar to what others have published. In a systematic review
published by Nguyen et al. in 2021, the authors concluded
similarly that for patients with intermediate- and high-risk prostate

cancer, treatment can be delayed up to 3 months without
consequences, but delays beyond 6–9 months may increase risk of
recurrence and worse pathological outcomes [47]. All the 24
included studies were retrospective. On the contrary, our analysis
had 26 RCT and 39 retrospective study. In another study by
Zaorsky et al. [48], the authors also similarly concluded that
“treatment can be avoided or delayed until safe for very low, low,
and favorable intermediate-risk disease and up to 4–6 months
with NHT for unfavorable intermediate-risk, high-risk, and
recurrence post-surgery”. To our knowledge, this was the first
paper recommending management strategies for prostate cancer
during the pandemic, and understandably given the urgency of
the matter at that time, a detailed discussion for the bases of these
recommendations was not available. Reasonable variations of
generally the same conclusions were also provided by others as
well [49, 50].
There are few important limitations that must be acknowl-

edged. First, patients included on RCTs may be healthier than men
in the general population. If this were true, we might be
overestimating the benefits of delayed treatment because of
competing risks, thus our estimates may be overly conservative.
Another possible limitation is that with newer drugs and better
imaging, progression could be detected earlier and patients with
stable disease now requiring interventions could actually be

Table 2. Summary of general treatment guidelines.

Clinical/pathologic features Anticipated delay < 6 Months Anticipated delay > 6 months

Localized prostate cancer risk classes

Very low/low Has the following:
• T1–T2a
• Grade Group 1
• PSA < 10 ng/mL

No intervention Active surveillance
Consider PSA at 6-month intervals
Delays up to 7 years may be safe

Favorable
intermediate

• No high-risk group features, has
single
intermediate risk factor:
T2b–T2c or Grade Group 2 or PSA
10–20 ng/mL

No intervention Active surveillance
Consider PSA at 6-month intervals
MRI may be used for staging to avoid
misclassification

Unfavorable
intermediate

• No high-risk group features, has
two or more intermediate risk
factors:
T2b–T2c or Grade Group 2 or PSA
10–20 ng/mL
OR
• Grade group 3
OR
• ≥50% biopsy cores positive

Treatment can probably be delayed
3–6 months safely

With ADT, delays of up to 8 months
appear to be safe

High to very high Has at least one high-risk feature:
• T3a
OR
• Grade Group 4 or Grade Group 5
OR
• PSA > 20 ng/mL

Treatment can probably be safely
delayed 3 months but consider
initiation of ADT if beyond 3 months

Treatment delays of up to 8 months are
probably safe with ADT

Post-prostatectomy

Adjuvant
radiotherapy

For patients with high-risk features
including pT3 disease, positive
surgical margins, and/or node
positive disease but undetectable
PSA post-prostatectomy

Strongly consider early salvage (at
PSA 0.10-0.2) rather than adjuvant
radiotherapy especially for patients
with limited high-risk features.

Strongly consider early salvage (at PSA
0.10-0.2) rather than adjuvant
radiotherapy especially for patients
with limited high-risk features.

Salvage
radiotherapy

For patients with detectable and
increasing PSA post-prostatectomy

Delaying radiotherapy is less well
studied in the salvage setting.
Decisions for delay should be made
on a case-by-case basis. Consider
PSA level and PSA doubling time.
Consider ADT to delay radiation
initiation.

Delaying radiotherapy is less well
studied in the salvage setting.
Decisions for delay should be made on
a case-by-case basis. Consider PSA
level and PSA doubling time. Consider
ADT to delay radiation initiation.

PSA Prostate specific antigen, ADT androgen deprivation therapy, RP radical prostatectomy, MRI magnetic resonance imaging.
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spared definitive local treatment longer. In both of these
scenarios, we would consider this more acceptable than asserting
that an “unsafe” delay as being a “safe” delay. Thus, it appears that
modest delays measured in weeks, months, and years for high-,
intermediate-, and low-risk prostate cancer, respectively, appears
to have relatively little impact on long-term outcomes. Further-
more, while we spoke about NHT or active surveillance as means
to delay “definitive treatments”, we acknowledge their signifi-
cance in the management of prostate cancer. NHT, for example, is
central in the radiotherapy management paradigm and its use,
whether in the clinical trials that justified its inclusion or in daily
clinical practice, was not originally designed to “delay” definitive
treatments but rather to improve outcomes. Our goal, however,
for this narrative review was mainly to give patients a rough
estimate of a period in months or years which is deemed
acceptable to specifically postpone surgery or radiation even if it
entails other interventions such as NHT.
We are hopeful that the summary of the available data presented

here will help facilitate transparent communication to patients and
their families as well as primary care physicians as they consider
making referrals and evidence-based recommendations concerning
treatment delays in men with clinically localized prostate cancer.
Given the unlikely possibility that clinical trials will be designed to
answer this question, we hope this discussion clarifies the reasoning
behind the recommendations for acceptable durations of treatment
delays in patients with prostate cancer.
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