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or micrometastases by optimising the use of bone scans 
and possibly newer procedures and techniques. When 
nmCRPC is established, management decisions should be 
individualised according to risk, but risk stratification in 
this diverse population is poorly defined. Currently, pros-
tate-specific antigen (PSA) levels and PSA doubling time 
remain the best method of assessing the risk of progression 
and response to treatment in nmCRPC. However, optimis-
ing imaging protocols can also help assess the changing 
metastatic burden in patients with CRPC. Clinical trials of 
novel agents in nmCRPC are limited and have problems 
with enrolment, and therefore, improved risk stratification 
and imaging may be crucial to the improved management. 
The statements presented in this paper, reflecting the views 
of the authors, provide a discussion of the most recent evi-
dence in nmCRPC and provide some advice on how to 
ensure these patients receive the best management avail-
able. However, there is an urgent need for more data on the 
management of nmCRPC.

Keywords Non-metastatic castrate-resistant prostate 
cancer · Individualised management · Imaging · 
Management

Introduction

In prostate cancer, changes in prostate-specific antigen 
(PSA) concentrations are still the most widely used and 
recommended method of monitoring disease progression 
and predicting outcomes [1, 2]. In many men with prostate 
cancer who are treated with curative intent (i.e. with radi-
cal prostatectomy or radiation therapy), PSA recurrence 
can develop. Although these men who have PSA recurrence 
are a heterogeneous group with a median metastasis-free 
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survival (MFS) >8 years and a median overall survival 
(OS) of >23 years [3–5], many patients and clinicians are 
reluctant to leave such PSA recurrence untreated. Disease 
staging is not always reliable for the detection of metastatic 
lesions, and therefore, many patients receive androgen 
deprivation therapy (ADT) when PSA levels increase but 
in the absence of metastasis. The evidence on immediate 
versus delayed initiation of ADT is inconclusive [6, 7], but 
as ADT is not curative, it is inevitable that a proportion of 
patients will develop non-metastatic castrate-resistant pros-
tate cancer (nmCRPC).

There are challenges in the assessment, risk stratifica-
tion and management of patients with nmCRPC [8], and 
improved predictive tools are needed to optimise indi-
vidual treatment. In patients with nmCRPC, the endpoints 
differ from those of metastatic CRPC (mCRPC); namely, 
in nmCRPC the main aims are to delay the initiation of 
chemotherapy and delay the progression to metastasis 
(bone is the first site of metastasis in most patients) [9]. 
In nmCRPC, PSA kinetics remains the most important 
predictor of these endpoints [9]. Guidelines for mCRPC 
management (such as those from the National Comprehen-
sive Cancer Network [NCCN] [10]) are clear and detailed. 
However, the equivalent guidance for nmCRPC manage-
ment states that ADT should be maintained, and lists the 
enrolment into a clinical trial as the preferred option [10]. 
Recent recommendations from a consensus conference 
(held after our meeting) also highlight the lack of informa-
tion on management options in nmCRPC, and some panel-
lists did not recommend any intervention in this group [8]. 
The potential impact of continued ADT on the subsequent 
effectiveness of drugs targeting the androgen pathway 
(such as abiraterone and enzalutamide) when metastases 
do develop is not known. Furthermore, since most clini-
cal trials recruiting patients with nmCRPC have produced 
negative outcomes, this recommendation is not ideal. Other 
alternative treatment options, such as anti-androgen addi-
tion or withdrawal, are also listed in these guidelines.

There are also challenges in the management of 
nmCRPC in routine clinical practice. The definition of 
CRPC requires the maintenance of castrate levels of testos-
terone <50 ng/dl, and it may be that many patients are clas-
sified as having CRPC based on rising PSA levels alone, 
without testosterone levels being measured [11, 12]. In 
addition, many patients classified as having nmCRPC may, 
on closer investigation, have mCRPC; or even when metas-
tases are not detected, patients may have micrometastases 
below the level of detection.

Therefore, to consider ways of improving the manage-
ment of nmCRPC, a group of experts (the authors of this 
paper) met at the end of 2014 [the meeting was financially 
supported by Ipsen (Paris, France)]. The aims of the meet-
ing were to consider how nmCRPC can be more clearly 

identified and defined, and to propose the most appropriate 
medical management of nmCRPC based on published evi-
dence and personal clinical experience.

Data analysis

Before the meeting, participants conducted PUBMED 
searches on specific topics. Each participant presented their 
findings on these topics during the meeting for discussion 
by the group, and all specialists then developed the recom-
mendations and contents of this paper based on these dis-
cussions. As such, the contents of this paper represent the 
conclusions of the authors only. References in the text have 
been assessed according to their level of scientific evidence 
(Table 1), and recommendations have been graded accord-
ing to the Oxford Centre for Evidence-based Medicine 
Levels of Evidence as used in the European Association of 
Urology (EAU) guidelines (Table 1) [13, 14].

Epidemiology of nmCRPC

Epidemiological data on nmCRPC are lacking. The exact 
proportion of nmCRPC versus mCRPC is not known 
because most cases of CRPC are declared on the basis of 
an isolated PSA increase [1], and therefore, metastasis may 
be present but not immediately detected in some cases. The 
discrimination between nmCRPC and mCRPC depends 
strongly on the sensitivity of the diagnostic tools used.

Table 1  Level of evidence and grades of recommendations

Level Type of evidence

1a Evidence obtained from meta-analysis of randomised trials

1b Evidence obtained from at least one randomised trial

2a Evidence obtained from one well-designed controlled study 
without randomisation

2b Evidence obtained from at least one other type of well-
designed quasi-experimental study

3 Evidence obtained from well-designed non-experimental 
studies, such as comparative studies, correlation studies and 
case reports

4 Evidence obtained from expert committee reports or opinions 
or clinical experience of respected authorities

Grade Nature of recommendations

A Based on clinical studies of good quality and consistency that 
addressed the specific recommendations, including at least 
one randomised trial

B Based on well-conducted clinical studies, but without ran-
domised clinical trials

C Made despite the absence of directly applicable clinical stud-
ies of good quality
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A systematic review of CRPC cases showed that in two 
studies (involving 351 patients) using bone scans to detect 
metastasis, ≥84 % of patients had metastasis at diagnosis. 
The same review concluded that the 2-year risk of bone 
metastases in the nmCRPC population was 33 % (based 
upon a single study only) [15]. However, this nmCRPC 
population is heterogeneous and time to bone metastasis 
varies greatly among patients—indeed, studies assessing 
MFS after radical prostatectomy suggest slower disease 
progression after PSA recurrence [3–5] and patient selec-
tion will alter these estimates of progression considerably.

The natural course of nmCRPC (level 1b)

Analysis of control/placebo arms in clinical trials provides 
some information on the natural history of the nmCRPC 
population. The study by Smith et al. [16] (which assessed 
zoledronic acid versus placebo in patients with nmCRPC) 
possibly gives the most useful insight—median MFS was 
30 months in the placebo arm with 33 % of patients with 
nmCRPC progressing to metastasis and 21 % to death at 
2 years. In this analysis, a PSA level >10 ng/ml and a PSA 
doubling time (PSADT) <6–8 months were associated with 
poorer OS and MFS than a lower PSA and longer PSADT. 
In a study of atrasentan versus placebo in patients with 
nmCRPC, the median OS was 46 months in the placebo 
arm [17]. A PSA level ≥13.1 ng/ml was used in a multi-
variate analysis of these trial data, and PSA levels above 
this cut-off were associated with reduced OS and MFS 
in the placebo arm of the study [18]. In the other useful 
study, which assessed denosumab versus placebo, 48 % 
of nmCRPC patients in the placebo arm had metastases at 
2 years [19]. There was a suggestion from this study that 
a PSADT of approximately <6 months was associated 
with a considerably increased risk of progression to bone 
metastasis [20]. But the impact of a short PSADT on OS 
is not clear. Furthermore, it is not clear how valid a single 
PSADT cut-off is in such a heterogeneous population.

Recent trials recruiting patients with nmCRPC have 
struggled with high levels of screening failures, and this 
has been a result of the detection of small metastases that 
were not detected on initial routine assessment (implicated 
in 71 % of screening failures) [21, 22]. This outlines the 
importance of thorough assessment with optimum imag-
ing techniques of all patients with CRPC even when symp-
toms are mild or absent, which in turn will ensure patients 
receive the optimum treatment.

Predicting outcomes in nmCRPC (level 1b)

From the few clinical trials recruiting men with nmCRPC, 
poorer outcomes are predicted by a PSA level of ≥13.1 ng/

ml and a PSADT <6 months [18, 19]. Such measurements 
are useful to reassure patients and may help inform the 
scheduling of imaging [8]. However, although PSA kinet-
ics remain the best option for predicting and measuring 
outcome in CRPC [17–19], there is little precision on the 
predictive value of PSA levels, there is no consensus on the 
magnitude or duration of PSA decline that can be used to 
define response, and PSA kinetics have little value in guid-
ing management decisions. In practice, patients’ awareness 
of their PSA levels and pressure to act upon any changes 
in PSA level may influence management decisions when 
PSA levels rise, irrespective of radiographic or other find-
ings [23].

This highlights the need to have more accurate assess-
ment of nmCRPC severity and the risk of progression. With 
improved imaging, the ability to detect metastatic progres-
sion will improve, and following the recommendations of 
the Prostate Cancer Radiographic Assessments for Detec-
tion of Advanced Recurrence (RADAR) group for optimal 
imaging in nmCRPC appears logical [24]. However, imag-
ing procedures and protocols can also be improved.

Improving diagnosis and assessment 
through imaging (level 3)

There are no specific guidelines on imaging requirements 
for nmCRPC patients. As such, clinical practice will vary at 
individual centres, and more defined imaging protocols are 
needed in prostate cancer [25]. In patients with CRPC, it 
is important to be able to detect the presence of metastasis 
early and have a reliable technique to monitor response to 
treatment of both the primary tumour and metastases.

Bone metastases

Conventional bone scintigraphy scans with 99mTC bispho-
sphonate are widely used [26], but bone scans may not 
be as sensitive as magnetic resonance imaging (MRI) for 
detecting bone metastases [27]. However, the impact this 
improved detection may have on management is unclear—
for example, detecting metastases 3 months earlier with 
MRI than with conventional bone scans may have mini-
mal impact if the centre’s practice is to assess patients with 
imaging modalities every 6 or 12 months (cost implications 
may also limit the usefulness of this technique and the fre-
quency of assessment). Furthermore, for now, most centres 
and most clinical trial protocols use bone scans (combined 
with CT for detection of visceral metastasis).

Other experimental techniques such as 11C-choline PET/
CT or 68Ga-labelled prostate-specific membrane antigen 
(PSMA) may detect metastatic lesions in bone that cannot 
be detected with conventional modalities [28, 29]. PSMA 
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PET/CT has shown some promise in advanced disease [30]. 
Eiber et al. [31], showed that in a group of 248 patients 
with biochemical recurrence after radical prostatectomy 
68Ga-PSMA PET/CT was able to detect areas suspicious 
for recurrent prostate cancer in 89.5 % of patients. The 
detection was dependent on the PSA level. In patients with 
PSA levels of ≥2 ng/ml, the detection rate was 96.8 %, 
whereas in patients with PSA levels of 0.2 to <0.5 ng/ml 
the detection rate was only 57.9 %. In 81 patients, PSMA/
PET was able to find relevant additional findings compared 
to contrast enhanced CT alone. In this study, the detection 
rate of suspicious areas by 68Ga-PSMA PET/CT had no 
correlation with previous anti-androgen therapy [31].

Other procedures that are largely experimental but may 
be useful include the calculation of the bone scan index 
(BSI) for quantitative analysis [32], guided biopsy using 
MR biopsy or fusion biopsy, and using iron superparamag-
netic nanoparticles to aid lymph node staging [33]. How-
ever, evidence is needed to recommend these techniques 
more widely for monitoring bone metastases.

Visceral metastases

For detecting suspected distant metastases not involv-
ing bone, CT scans must be used (approximately 5–10 % 
of patients with prostate cancer develop distant visceral 
metastases). Upon development of castrate resistance, an 
initial CT scan is recommended to check for the absence 
of visceral metastasis. The regularity of CT scans should 
be assessed on a case-by-case basis and may be driven 
by PSA kinetics and indicative symptoms. The frequency 
may mirror the frequency of bone scans. As newer treat-
ments lead to extended OS in patients with prostate can-
cer, the incidence of visceral metastases may increase. The 
early detection of visceral metastases is important to allow 
optimum intervention, but detection methods will need to 
be specific in order to avoid over-treatment, and there may 
therefore be an increasing need to define CT scan proto-
cols in patients with advanced prostate cancer. Whole-body 
MRI with diffusion-weighted MRI may be a useful tech-
nique for screening of nodal disease and visceral metasta-
ses, but more evidence and greater access may be needed 
before this technique is more widely used.

Optimising imaging

New imaging techniques may help with some of the bar-
riers in the management of nmCRPC, but they may also 
create new challenges. The poor evidence base means that 
any guidance on detecting bone metastases in patients with 
CRPC is largely based on clinical experience, and an indi-
vidualised approach is recommended for all management 
decisions. Upon progress to CRPC, a bone scan with 99mTC 

bisphosphonate should be performed, and then at regular 
intervals every 3–12 months, depending on PSA kinetics. 
The BSI may be a useful tool during follow-up to assess 
the impact of treatment on metastatic burden because it 
is simple and low cost. Although choline PET scans are 
increasingly used in place of bone scans to detect micro-
metastases, the resolution of this technique may in fact be 
insufficient (e.g. it may be unable to detect lesions <4 mm 
in diameter).

A whole-body MRI may become a useful option for 
assessing visceral metastases and bone metastases using a 
single technique [34, 35], but currently bone scans and CT 
scans together may remain the routine techniques. More 
sensitive techniques for detecting bone and/or visceral 
metastases, combined with the future introduction of newer 
agents for non-metastatic prostate cancer, would bring 
additional issues such as over-treatment. Therefore, when 
optimising imaging techniques, it will become increasingly 
important to interpret the findings to provide individualised 
imaging schedules and management strategies.

The recent consensus guidelines simply stated that 
newer imaging methods were not associated with patient 
benefit in nmCRPC [8]. However, while the impact newer 
techniques have on management of CRPC is unknown, 
they may have an impact on our understanding of the inci-
dence and natural history of nmCRPC. We do not know if, 
for example, detecting metastasis 6 months earlier will ben-
efit the patient—earlier introduction of modern drugs that 
are indicated for mCRPC may, or may not, have benefits 
in the longer term. Therefore, PSA kinetics will remain 
central to our assessment of risk of disease progression in 
patients with nmCRPC.

Management of nmCRPC (level 4)

The conflicting data on the impact of early initiation of 
ADT (on progression to metastasis, castrate resistance or 
death) in non-metastatic prostate cancer [6, 7] highlight 
both the need to identify patients at higher risk of progres-
sion who are most likely to benefit from treatment and the 
complexity of managing patients with non-metastatic pros-
tate cancer. Firstly, a deferred ADT policy is not suitable for 
patients with rapidly progressing disease, but a definition 
of this at-risk group is not validated. The trials mentioned 
above rely on either retrospective classification (death 
within 3–5 years) or measurements taken over a prolonged 
period (PSADT ≤ 12 months), neither of which help in ini-
tial management decisions. Secondly, while early initiation 
of ADT could expose patients to possible and unnecessary 
side effects without altering the risk of death from prostate 
cancer, compared with deferred ADT, it also delays the 
time to progression and the potential associated symptoms. 
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Thirdly, the choice of initiating or delaying treatment has 
to be balanced with the anxiety felt by a patient when he is 
diagnosed with prostate cancer or when rising PSA levels 
are measured.

The key issue therefore is not whether ADT should be 
started early or as soon as PSA levels increase, but how to 
identify patients most at risk of progression who will bene-
fit most from early ADT, and how to distinguish these from 
patients who do not need to be exposed to the potential side 
effects of early treatment.

As discussed above, this issue is hindered by the reliance 
on PSA measurements. In ‘real life,’ ADT is frequently 
started early and this seems to be driven partly by the evi-
dence that some patients benefit from this, by the fact that 
it is a reversible treatment (as opposed to surgery), and as 
a result of patient anxiety over rising PSA levels [23]. In 
future, genetic characterisation of patients and prostate can-
cer may guide such decisions.

In nmCRPC, when patients have progressed while 
receiving ADT, the disease can have a relatively indolent 
natural history, and therefore, what is the evidence for ben-
efits of continued ADT? Guidelines recommend contin-
ued ADT based upon clinical data and upon the fact that 
tumours remain sensitive to secondary hormonal manipu-
lations [13, 36, 37]. However, there are limited data from 
prospective trials recruiting patients with nmCRPC and 
focussing on the important endpoint of time to progression 
or time to chemotherapy. Published studies in nmCRPC 
have recently been summarised [38]. Many trials have 
been of bone-targeted agents. For example, clodronate 
had no effect on MFS or OS, a trial of zoledronic acid 
was terminated before completion of patient accrual, atra-
sentan increased PSADT but did not delay time to disease 
progression, zibotentan did not improve OS or PFS, and 
denosumab increased MFS [38]. In the trial of denosumab, 
which showed an increased MFS of >6 months in the treat-
ment arm, OS was not improved and troublesome adverse 
events such as osteonecrosis of the jaw were observed [20].

These data are not sufficiently robust to allow a rec-
ommendation for the use of bone-targeted agents in 
nmCRPC, and while radium-223 has been widely licensed 
for treatment of mCRPC, there is no evidence of its use in 
nmCRPC. Likewise, there is no evidence to support the 
use of other hormonal agents that have been licensed for 
use in metastatic prostate cancer in recent years (such as 
abiraterone and enzalutamide) in the nmCRPC setting. As 
data emerge, these agents may have a role in some patients 
with nmCRPC, but as discussed above, an individualised 
approach will be needed to target those who are most likely 
to benefit from such intervention.

Other trials with experimental agents for CRPC have 
generally failed to reach their predefined endpoints: soma-
tostatin analogues in prostate cancer with neuroendocrine 

involvement have not been shown to be effective [39], and 
the epidermal growth factor receptor (EGFR) inhibitor erlo-
tinib showed some moderate activity in CRPC that may 
warrant investigation as an agent in combination with con-
ventional agents [40]. Recently, a phase II study of orteronel 
(TAK-700) reported reductions in PSA levels of 30 %, but 
this single-arm study did not report any survival data [41].

This lack of data means that patients with nmCRPC 
are often managed with conventional secondary hormonal 
manipulations including [8]:

•	 Maximal androgen blockade (MAB) by adding an anti-
androgen to the existing ADT regimen, but this has only 
a limited impact on OS and increases side effects [42].

•	 Switching to a different GnRH analogue may increase 
the time to PSA progression, but the clinical importance 
of this is not known [43, 44].

•	 Anti-androgen withdrawal provides a modest PSA 
response, and a prolonged period of prior MAB is man-
datory for any observable effect [45].

•	 Preliminary data with GnRH antagonists suggest they 
may delay the time to progression, but these data require 
confirmation [46–48].

Although more individualised treatment in nmCRPC is 
the goal, currently ADT remains a critical part of manage-
ment of aggressive and advanced prostate cancer. In less 
aggressive disease, ADT may be over-used. The relative 
importance of ADT use in mCRPC versus nmCRPC is sim-
ply not known, and better assessment of patients may help 
individualise treatment in the future.

Emerging evidence from clinical trials 
in nmCRPC

New data have become available on the use of newer 
agents to treat chemotherapy-naïve metastatic CRPC. 
The COU-302 trial tested the use of abiraterone acetate 
plus prednisone versus placebo plus prednisone, in 1088 
asymptomatic or mildly symptomatic patients. Abiraterone 
improved OS (HR 0.79; 95 % CI 0.66–0.95) [49]. Enza-
lutamide has also been compared to placebo in the PRE-
VAIL trial and shown to improve OS (HR 0.71; 95 % CI 
0.60–0.84) [50]. However these drugs should not be used in 
the setting of nmCRPC.

Ongoing trials recruiting nmCRPC patients include:

•	 The PROSPER trial of enzalutamide versus placebo 
started in December 2013 with an estimated enrolment 
of 1560 men. The primary endpoint is MFS, and ADT is 
maintained in both treatment arms. The study comple-
tion date is in 2017.
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•	 The SPARTAN trial of the novel androgen recep-
tor antagonist ARN-509 versus placebo will enrol 
1200 men and also has MFS as the primary endpoint. 
The estimated primary completion date of this trial is 
December 2016 with full study completion in August 
2019.

•	 And the ARAMIS trial of the androgen receptor inhibi-
tor ODM-201 versus placebo, with a primary endpoint 
of MFS and an estimated completion date of December 
2020.

Recruitment is slow in these trials. Many patients clas-
sified as having nmCRPC are found on closer investigation 
to have small metastases which exclude them from recruit-
ment into these studies [21, 22]. In future, and if the sensi-
tivity of imaging techniques for the detection of metastases 
improves, many more patients with micrometastases below 
the current levels of detection may be classified as having 
mCRPC, and recruiting patients for such trials may become 
even more problematic.

It may be difficult to demonstrate positive outcomes in 
ongoing trials in nmCRPC due to the relatively ‘benign’ 
nature of the disease. Even if MFS results are positive, the 
usual practice of switching patients in the placebo arm to 
abiraterone or enzalutamide upon progression will prob-
ably result in similar OS in both arms of such studies. Such 
data may not convince payers and insurance companies that 
novel treatments should be reimbursed for this indication.

The design of future trials of drugs for nmCRPC could 
potentially be standardised as shown in Fig. 1. An immedi-
ate versus delayed trial design as shown in Fig. 1 may be 
more useful for measuring clinical benefit and may allow 
the use of more established endpoints such as OS and time 
to symptomatic progression.

Conclusion and panel recommendations (level 4)

•	 A lack of data from well-designed studies means that all 
recommendations on the monitoring and management 
of nmCRPC are largely based on clinical practice expe-
rience.

•	 In nmCRPC, the key management issue is not whether 
ADT should be maintained, but how we identify 
patients most at risk of progression who will benefit 
most from additional treatments.

•	 Until techniques improve to allow better assessment 
of the risk of progression to metastasis in nmCRPC, 
we need to rely on careful observation of PSA kinet-
ics (a PSADT of around <6 months could be an impor-
tant sign that there is a high risk of progression and 
alter the schedule of imaging [8]) [recommendation 
grade B]. Likewise, lymph node metastasis at the time 
of nmCRPC and a PSA concentration >10 ng/ml may 
indicate higher risk of progression to bone or visceral 
metastasis [recommendation grade C].

•	 However, PSA kinetics are not ideal, and two patients 
with similar PSA kinetics do not necessarily have dis-
ease that progresses at the same rate. Until more sen-
sitive biomarkers are found, improved assessment with 
imaging is needed to resolve this issue of risk assess-
ment.

•	 The optimal use of imaging may include:

•	 Bone scans with 99mTC bisphosphonate performed 
upon PSA change and at regular intervals every 
3–12 months, depending on PSA kinetics, remain 
the optimal method of detecting bone metastasis. 
Include BSI to quantify bone metastatic burden at 
baseline and follow-up [recommendation grade C].
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Fig. 1  Proposed trial design for novel agents in nmCRPC
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•	 And an initial CT scan of the whole abdomen is also 
recommended. CT scan should be repeated regularly 
in follow-up [recommendation grade C].

•	 An initial mpMRI, and possibly whole-body MRI, 
when PSA rises are first observed, may gain promi-
nence when these techniques are more routinely 
available [recommendation grade C].

•	 Assessment of new imaging technology or protocols 
should be conducted within the framework of a clini-
cal trial [recommendation grade C].

•	 Ongoing trials of, for example, enzalutamide, could pro-
vide positive MFS data. However, until further data are 
available to assess the efficacy of newer agents (such as 
enzalutamide and abiraterone) in nmCRPC, their use can-
not be recommended except within the context of a clini-
cal trial:
•	 Clinical trials recruiting enriched populations of 

nmCRPC patients and using a standardised design 
(Fig. 1) with survival as the primary endpoint instead 
of MFS (which is not a good surrogate marker of sur-
vival) will provide more useful information on the 
efficacy of newer agents.
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