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Abstract

Background: Active surveillance (AS) is the preferred option for initial management for
low-risk prostate cancer (PC). Although many AS protocols exist, there is little evidence
to support one over another.
Objective: To assess whether there is difference in overall (OS), prostate cancer–specific
(CSS), metastasis-free (MFS), or treatment-free (TFS) survival between a strict (Prostate
cancer Research International: Active Surveillance [PRIAS]) and a loose (European
Randomized study of Screening for Prostate Cancer [ERSPC]) AS protocol.
Design, setting, and participants: This study included two cohorts of men (n = 518) with
low-risk, localized, Gleason score �7 PC. The ERSPC cohort included 241 men followed
for 9.5 yr (median) with a non–protocol-based follow-up. The PRIAS cohort included
277 men followed for 5 yr (median) with a strict protocol.
Outcome measurements and statistical analysis: OS, CSS, MFS, and TFS were compared
by the Kaplan-Meier method, competing risk analysis, and Cox proportional hazard
regression.
Results and limitations: As expected, due to the difference in median follow-up time
between the cohorts, a difference in the absolute number of events was seen.
However, no difference in any of the survival outcomes was evident in the Kaplan-
Meier or competing risks analysis. Furthermore, in Cox proportional hazard regression
analysis, cohort (ERSPC vs PRIAS) was not associated with any of the outcomes.
Results are limited by the retrospective study design, limited statistical power, and
inability to match the cohorts for predictive factors.
Conclusions: There was no difference in survival outcomes between a non–protocol-
based follow-up and a protocol-based contemporary AS follow-up of patients with
low-risk PC. However, a longer follow-up is needed.
Patient summary: We compared survival outcomes of two cohorts of patients with low-
risk prostate cancer: a strict and a loose follow-up protocol. We found no differences in
survival measures between the cohorts.
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Table 1 – Characteristics of the two cohorts at

No. of cases
PSA (ng/ml), median (IQR)
Prostate volume (ml), median (IQR)
PSA density (ng/ml/ml) median (IQR)
Age at diagnosis median (IQR)
No. of biopsy cores median (IQR)
No. of cancer-positive biopsy cores, n (%)
1
2
3
4
5
NA

Gleason score, n (%)
�6
3 + 4
4 + 3
NA

Clinical T stage, n (%)
T1
T2
NA

ERSPC = European Randomized study of Screenin
International: Active Surveillance; PSA = prostate-s
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Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction ciated with significant harm in the form of overdiagnosis. It
Prostate cancer (PC) is the leading cause of cancer incidence
in men, with one in 15 developing PC between birth and
age 79 yr [1]. In the prostate-specific antigen (PSA) era, many
of the diagnosed cancers are indolent and low risk, andhave a
lowmetastatic potential. These PCs have excellent prognosis,
and rarely cause any symptoms or pose a threat to men in
their lifetime [2]. Diagnosis of these small, localized, and
well-differentiated cancers is often referred to as overdiag-
nosis, diagnosing ‘‘cancers‘‘ that would otherwise not go on
to cause symptomsor death. Often these diagnoses, however,
lead to treatments (representing overtreatment), which can
beharmful due to treatment-related complications andother
adverse effects. Further, radical treatments, such as radical
prostatectomy (RP) and radiation therapy (RT), have very lit-
tle, if any, potential to aid these men with low-risk disease
due to the very low baseline risks of PC death [3].

Active surveillance (AS) has emerged as the preferred
management option for low-risk PCs. The aim of AS is to
avoid overtreatment, while also identifying men in need
of curative treatment in a timely fashion [2,4]. Contempo-
rary AS includes regular clinical checkups, PSA tests, repeat
biopsies, and increasingly frequently prostate magnetic
resonance imaging (MRI). Although a wide range of AS
protocols exist [5], there is a paucity of evidence to support
one AS protocol over another.

The European Randomized study of Screening for
Prostate Cancer (ERSPC) trial was shown to reduce PC
mortality by 25% [6]. However, PSA-based screening is asso-
diagnosis

Main analysis

ERSPC cohort

241
5.1 (4.2–6.5)
35 (28–45)
0.14 (0.04–0.81)
67 (63–68)
6 (6–12)

136 (56)
54 (22)
9 (4)
8 (3)
3 (1)
31 (13)

216 (90)
7 (3)
3 (1)
15 (6)

215 (89)
15 (6)
11 (5)

g for Prostate Cancer; IQR =
pecific antigen.
is estimated that 40–50% of PC cases diagnosed by screening
represent overdiagnosis [7]. Another trial, Prostate cancer
Research International: Active Surveillance (PRIAS), was
based on the initial encouraging reports on AS and the real-
ization of the significant problem of overdiagnosis within
the ERSPC trial. In contrast to the loose monitoring used
for men in the ERSPC trial, the PRIAS trial had a strict proto-
col for inclusion, follow-up, and triggers for treatment.

Here, we compare the outcomes of two cohorts of men
with low-risk PC. The ERSPC cohort followed a non–
protocol-based follow-up, while the PRIAS cohort adhered
to a strict protocol for follow-up. We aim to assess whether
a strict protocol makes a difference in patient-important
(clinically relevant) outcomes.

2. Patients and methods

We compared two separate cohorts of patients with low-risk PC. First,

we included men who underwent screening for PC in the Helsinki arm

of the ERSPC trial and were diagnosed with low-risk PC. Most of these

men had Gleason score (GS) �6 cancers and a few had GS 7 (3 + 4)

cancers. Characteristics of the cohort are presented in Table 1. The

detailed protocols for the ERSPC and its Finnish arm have been pub-

lished elsewhere [8,9]. In ERSPC, men were diagnosed by transrectal

six-core biopsy and expectantly managed without a fixed surveillance

protocol, that is, no recommendation for follow-up or trigger for treat-

ment. These men were followed according to the treating urologist’s

preference, and the follow-up was therefore variable. All patients

underwent PSA tests, on average every 6 mo, but clinical examination

including digital rectal examination (DRE) was not performed regu-
Sensitivity analysis

PRIAS cohort ERSPC cohort PRIAS cohort

277 123 277
5.6 (4.4–6.8) 4.7 (4.1–5.4) 5.6 (4.4–6.8)
40 (33–50) 38 (30–46) 40 (33–50)
0.14 (0.11–0.16) 0.13 (0.10–0.16) 0.14 (0.11–0.16)
63 (59–68) 67 (63–68) 63 (59–68)
12 (12–12) 6 (6–12) 12 (12–12)

187 (68) 95 (77) 187 (68)
90 (32) 28 (23) 90 (32)
0 (0) 0 (0) 0 (0)
1 (0) 0 (0) 0 (0)
0 (0) 0 (0) 0 (0)

277 (100) 123 (100) 277 (100)
0 (0) 0 (0) 0 (0)
0 (0) 0 (0) 0 (0)
0 (0) 0 (0) 0 (0)

271 (98) 118 (96) 271 (98)
6 (2) 5 (4) 6 (2)
0 (0) 0 (0) 0 (0)

interquartile range; NA = not available; PRIAS = Prostate cancer Research

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


E U R O P E A N U R O L O G Y O P E N S C I E N C E 3 4 ( 2 0 2 1 ) 3 3 – 4 0 35
larly and biopsies were taken rarely. Most patients were not followed

at the urological clinic. After diagnosis, they were encouraged to con-

tact their health station, where a general physician continued the

follow-up. After 6 yr, two-thirds still had a PSA test taken, and after

8 yr, less than half had any follow-up visits anymore. The follow-up

was not systematical as in PRIAS, and follow-up visits were much

rarer. Second, we included men with low-risk PC who were enrolled

in the Finnish arm of the prospective PRIAS study [10]. The inclusion

criteria for the PRIAS trial were a maximum of two cancer-positive

biopsy cores, GS �6 (3 + 3), clinical T stage �2, PSA level �10 ng/

ml, and PSA density (PSA-D) <0.2 ng/ml/cc. Characteristics of the

cohort are presented in Table 1. Men were typically diagnosed by

using transrectal 12-core biopsy and had to be fit for curative treat-

ment when indicated. During AS, patients were monitored carefully.

The protocol included PSA tests every 3 mo and a clinical examination

with DRE every 6 mo during the first 2 yr. After 2 yr, PSA was mea-

sured every 6 mo and DRE was performed yearly. Repeat biopsies

were taken 1, 4, and 7 yr after inclusion as well as for rapidly rising

PSA (PSA doubling time [PSA-DT] between 3 and 10 yr) or whenever

considered necessary. Criteria for discontinuation of AS and switching

to active treatment were PSA-DT <3 yr, clinical T stage >2, PC in more

than two biopsy cores, and/or GS >6 (3 + 3). Adherence to protocol

was excellent. This was ensured by a urological nurse who personally

contacted the patients for follow-ups.

The ERSPC study recruited between 1991 and 2005. The PRIAS study

started recruitment in 2006 and recruitment is ongoing. This impacts the

follow-up times for the cohorts in our study. To make the cohorts more

comparable, the follow-up time for the ERSPC cohort was cut off at 9.5 yr

for all the analyses.

Data were analyzed using R statistical software (R Foundation for

Statistical Computing, Vienna, Austria). The cutoff level for statistical sig-

nificance was set at p < 0.05 for all tests. Overall survival (OS), prostate

cancer–specific survival (CSS), treatment-free survival (TFS), and

metastasis-free survival (MFS) were analyzed by the Kaplan-Meier

method. We performed a competing risk analysis of the same endpoints

using the cumulative incidence function. We also conducted a sensitivity

analysis where we included only those patients from the ERSPC cohort

who fulfilled the PRIAS inclusion criteria. Furthermore, a Cox propor-

tional hazard regression was conducted using PSA, PSA-D, age at diagno-

sis, year of diagnosis, and cohort (ERSPC or PRIAS) as covariates to

investigate factors associated with survival.
Table 2 – Follow-up data

Main analysis
(n = 518)

ERSPC
(n = 241)

Follow-up time (yr), median (IQR) 9.5 (9.5–9.5)
Time to active treatment (yr), median (IQR) 2.8 (1.2–5.3)
Died during follow-up, n (%) 50 (21)
Died of prostate cancer, n (%) 5 (2)
Active treatment, n (%) 141 (59)
Treatment with curative intent 122 (51)
Radical prostatectomy 39 (32)
Radiation therapy ± hormonal therapy 83 (68)

Treatment with noncurative intent 19 (8)
Orchiectomy 2 (1)
Hormonal castration 10 (4)
Antiandrogen 7 (3)

Secondary noncurative treatment 8 (3)
Development of metastasis 2(1)
Watchful waiting, n (%) 0 (0)
Moved to other town, n (%) 2 (1)

ERSPC = European Randomized study of Screening for Prostate Cancer; IQR =
Surveillance.
Originally both ERSPC (55/2000) and PRIAS (HUS 276/E6/06) were

approved by the local ethics committee, and written informed consent

was obtained from all study participants at study entry. This retrospec-

tive analysis was approved by the hospital administrative body

(HUS/333/2019).
3. Results

Data of 518 patients were available, 241 men from ERSPC
and 277 men from PRIAS. In the sensitivity analysis, 123
men from ERSPC and 277 from PRIAS were included
(Table 1).

The median follow-up after PC diagnosis in ERSPC was
9.5 yr (interquartile range [IQR]: 9.5–9.5), and in PRIAS it
was 5.2 yr (IQR 3.7–7.1). In ERSPC, 50 (21%) men died dur-
ing follow-up; five (2%) died of PC. In PRIAS, 21 (8%) men
died during follow-up; one (<1%) died of PC. A total of 141
(59%) men in ERSPC switched to active treatment after a
median of 2.8 yr, whereas 125 (45%) men in PRIAS switched
to active treatment after a median of 1.2 yr. In ERSPC, 122
(51%) men received treatment with curative intent (RP
[32%] or RT [68%]). In PRIAS, 125 (45%) men received treat-
ment with curative intent (RP [76%] or RT [24%]). In ERSPC,
19 (8%) men received primary treatment with noncurative
intent (hormonal therapy or orchiectomy). In PRIAS, no
patients received treatment with noncurative intent as pri-
mary treatment. In ERSPC, eight (3%) men received treat-
ment with noncurative intent as secondary treatment,
after primary curative treatment had failed. In PRIAS, four
(1%) men received treatment with noncurative intent as
secondary treatment, after primary curative treatment had
failed. In PRIAS, 27 (10%) men switched to watchful waiting
(WW) during follow-up. These findings are presented in
Table 2.

In Kaplan-Meier analysis for OS, we observed no evi-
dence of a difference between cohorts (Fig. 1). Similarly,
Kaplan-Meier analysis was performed for the other end-
points (CSS, TFS, and MFS), and no differences were
observed (Supplementary Fig. 1). As other causes of death
Sensitivity analysis
(n = 400)

PRIAS
(n = 277)

ERSPC
(n = 123)

PRIAS
(n = 277)

5.2 (3.7–7.1) 9.5 (9.5–9.5) 5.2 (3.7–7.1)
1.2 (1.0–2.1) 3.5 (1.5–5.5) 1.2 (1.0–2.1)
21 (8) 23 (19) 21 (8)
1 (0) 2 (2) 1 (0)
125 (45) 69 (56) 125 (45)
125 (45) 62 (50) 125 (45)
95 (76) 17 (27) 95 (76)
30 (24) 45 (73) 30 (24)
0 (0) 7 (7) 0 (0)
0 (0) 2 (2) 0 (0)
0 (0) 4 (3) 0 (0)
0 (0) 1 (1) 0 (0)
4 (1) 3 (2) 4 (1)
4 (1) 0 (0) 4 (1)
27 (10) 0 (0) 27 (10)
3 (1) 2 (2) 3 (1)

interquartile range; PRIAS = Prostate cancer Research International: Active



Fig. 1 – Kaplan-Meier curves for overall survival in the whole cohort with censoring for 9.5 yr at vertical line. The vertical line marks the cutoff point for
statistical analyses, and data beyond this point were not used in survival analyses. ERSPC = European Randomized study of Screening for Prostate Cancer; NA =
not available; PRIAS = Prostate cancer Research International: Active Surveillance.
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are competing risks for CSS, TFS, and MFS, we next per-
formed a competing risk analysis, and again no differences
between cohorts were observed (Fig. 2). Results of the sen-
sitivity analyses reflected the findings of the main analyses
(Supplementary Fig. 2 and 3). During the follow-up, two
(1%) men in the ERSPC cohort and four (1%) in the PRIAS
cohort developed distant metastasis.

In the Cox proportional hazard regression analysis, PSA-
D was associated with OS (hazard ratio [HR] 1.7 [95% confi-
dence interval {CI} 1.3–2.3], p < 0.001) and with TFS (HR 1.3
[95% CI 1.1–1.6], p = 0.003). Age was associated with OS (HR
3.5 [95% CI 2.0–6.1], p < 0.001). None of the tested variables
were associated with CSS or MFS. Cohort (PRIAS or ERSPC)
was not associated with any of the survival outcomes (OS,
CSS, MFS, or TFS). Findings are presented in Table 3.

4. Discussion

We aimed to assess whether a strict AS protocol is superior
to a loose protocol regarding OS, CSS, MFS, and TFS in men
diagnosed with low-risk PC, using the ERSPC (loose) and the
PRIAS (strict) cohorts. Our main finding is that patient
important endpoints are rare, and there are no differences
in any of the outcomes between cohorts during the first
decade of follow-up. This questions the rationale of a strict
AS protocol, at least during the initial follow-up period.

The follow-up was significantly longer in the ERSPC
cohort, translating to more PC-related deaths and overall
mortality, as expected. Thus, the absolute number of events
between the cohorts should not be compared directly.
Importantly, however, the absolute number of events is
low even without a follow-up protocol. Furthermore, when
survival was analyzed as a function of time (Kaplan-Meier
method and competing risk analyses), there appear to be
no differences between the cohorts. Further, in a Cox pro-
portional hazard regression analysis, cohort (ERSPC or
PRIAS) was not associated with any of the survival out-
comes. In our study, strict surveillance did not provide ben-
efit for patients for the studied outcomes. Questions have
been raised before about the use of strict surveillance proto-
cols, such as the PRIAS protocol [11,12]. In addition, data
from the pre-PSA era suggest that men not followed accord-



Fig. 2 – Competing risk analysis of other-cause mortality, prostate cancer–specific mortality, active treatment, and metastasis development with censoring for
9.5 yr (whole cohort). ERSPC = European Randomized study of Screening for Prostate Cancer; PRIAS = Prostate cancer Research International: Active
Surveillance.
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ing to a strict protocol still have excellent PC survival
[13,14]. Interestingly, our results are also well in agreement
with a recent study in which a simulation model was devel-
oped to study the impact of biopsy frequencies on mortality
and development of metastasis in men on AS [15]. The
authors concluded that a less frequent biopsy schedule
might be the preferable option.

Active treatment was initiated in 141 (59%) of the ERSPC
patients and 125 (45%) of the PRIAS patients, but there was
no difference in TFS (Fig. 2). Similar active treatment rates
have been reported in other AS studies [11,16]. One would
expect active treatment to be initiated more often in the
ERSPC cohort for several reasons. First, the cancers in the
ERSPC cohort were more likely to be misclassified at diag-
nosis due to six versus 12 biopsy cores. Reclassification of
PC has been well established previously [17–20]. Second,
some patients in the ERSPC cohort had more aggressive can-
cer at diagnosis, although this number was comparably
small. Third, true biological progression of PC is more likely
to have occurred in the ERSPC cohort as a consequence of
the longer follow-up. An earlier surveillance study showed
that progression can develop over a long period of time
even in patients considered to be at low risk at diagnosis
[13]. In that study, the authors detected a drop in CSS
between 15 and 20 yr of follow-up. Whether this drop
reflects true biological progression of the disease or, more
likely, an artifact due a limited number of men at risk in that
study at that time period remains to be elucidated. In our
study, 27 (10%) patients in the PRIAS cohort discontinued
AS and continued on WW. None of these patients died of



Table 3 – Multivariable Cox proportional hazard regression for
overall, prostate cancer–specific, metastasis-free, and treatment-free
survivala

HR 95% CI p value

OS
PSA 0.98 0.87–1.10 0.682
PSA density 1.72 1.28–2.31 <0.001
Age at diagnosis (10 yr) 3.50 1.99–6.14 <0.001
Year of diagnosis 1.05 0.94–1.16 0.406
Cohort (ERSPC or PRIAS) 0.88 0.36–2.15 0.772

CSS
PSA 1.17 0.86–1.60 0.318
PSA density 0.75 0.21–2.73 0.663
Age at diagnosis (10 yr) 1.96 0.22–17.29 0.546
Year of diagnosis 0.86 0.60–1.23 0.410
Cohort (ERSPC or PRIAS) 1.24 0.03–47.93 0.908

MFS
PSA 0.86 0.47–1.58 0.624
PSA density 10.95 0.41–289.59 0.152
Age at diagnosis (10 yr) 0.93 0.22–3.89 0.921
Year of diagnosis 1.04 0.58–1.83 0.906
Cohort (ERSPC or PRIAS) NA 0.00–NA 0.998

TFS
PSA 0.97 0.90–1.04 0.363
PSA density 1.30 1.09–1.55 0.003
Age at diagnosis (10 yr) 0.84 0.65–1.09 0.201
Year of diagnosis 0.95 0.90–1.00 0.073
Cohort (ERSPC or PRIAS) 1.45 0.86–2.44 0.159

CI = confidence interval; CSS = prostate cancer–specific survival; ERSPC =
European Randomized study of Screening for Prostate Cancer; HR = haz-
ard ratio; MFS = metastasis-free survival; NA = not available; OS = overall
survival; PRIAS= Prostate cancer Research International: Active Surveil-
lance; PSA = prostate-specific antigen; TFS = treatment-free survival.
a Age was calculated in 10-yr units.
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PC. This further underlines the benign nature of low-risk PC
in relation to other comorbidities in these men. Further-
more, data from randomized trials in the PSA era show little
benefit from immediate curative treatments over surveil-
lance in terms of survival endpoints [21–23].

As expected, more men in the PRIAS cohort switched to
active treatment at approximately 1 yr of AS (Fig. 2). Thefind-
ing is probably an effect of the PRIAS protocol, since the first
rebiopsy is taken at 1 yr of follow-up. PSA-DT is also evalu-
ated for the first time at 1 yr and used as a trigger for active
treatment. We have earlier shown in the PRIAS trial that
although PSA-DT is a relatively sensitive trigger for active
treatment, it is too unspecific. Approximately 50% of patients
who undergo RP due to fast rising PSA (PSA-DT <3 yr) have
clinically insignificant PCatfinal pathology [11]. This stresses
the fact that triggers for active treatment inASprotocols need
to be specific enough to alleviate the risk of overtreatment.
Overtreatment still seems to pose a greater threat to the
patient than progression of the disease itself.

Development of metastasis was very rare in both
cohorts, and there was no difference in MFS between the
cohorts (Fig. 2). Development of metastasis is a rare event
in patients on AS, especially in the first years.

Primary treatment with noncurative intent was initiated
in 19 (8%) patients in the ERSPC cohort, in contrast to none
in the PRIAS cohort. Such a difference suggests an advantage
for the PRIAS cohort, especially as both hormonal therapy
and surgical castration are often associated with adverse
effects and lower quality of life. It is tempting to speculate
that this merely reflects differences of treatment
approaches in different eras and that these men would
today be more likely to start WW instead of hormonal ther-
apy. The past decades have witnessed a change in PC man-
agement owing to more effective and less burdensome
radical treatments, and more precise and readily available
imaging. Currently, hormonal therapy is rarely recom-
mended solely based on rising PSA [24]. Another possible
explanation why patients in the ERSPC cohort were
assigned to noncurative treatment is their possible ineligi-
bility for treatments such as RP or RT due to factors such
as age and comorbidities.

The aim of AS is to postpone or even prevent active treat-
ment of low-risk PC, thereby alleviating side effects inher-
ent to all contemporary PC treatments. In order to achieve
this, we need to know which criteria most precisely predict
progression and a worse outcome. Our current results and
previous research suggest that the current PRIAS criteria
are too strict. This is especially important as adherence to
AS protocols is poor, especially in respect to rebiopsies
[25]. All contemporary AS protocols are highly dependent
on routine rebiopsing. A possible explanation for nonadher-
ence is the associated discomfort [26] and complications
after biopsy [27–29]. Prostate MRI has emerged as a promis-
ing tool to diagnose clinically significant PCs more specifi-
cally [30,31]. MRI might also provide significant benefits
in AS, comprising better risk stratification at diagnosis, less
reclassification at follow-up, less biopsy-related discomfort
[26,28], and thus better protocol adherence. However, con-
tradictory results on MRI use in AS exist [30,32].

Finally, a recent study looked at the causes of anxiety in
men with PC on AS [33]. They noted ‘‘PSA-related anxiety’’
in 31% of the patients. One could speculate that a more
strict protocol may induce more distress regarding
protocol-based follow-up activities (PSA measurement,
imaging, DRE, and biopsies), while this needs to be balanced
against fear and anxiety of cancer progression and can be
studied properly only in a prospective randomized study.

While the strengths of our study are the prospectively col-
lected cohorts, the analyses here are retrospective, ad hoc,
and subject to bias. We tried to alleviate the inherent bias
by conducting the sensitivity analysis. A longer follow-up,
especially for the PRIAS cohort, is needed to verify the results.
Another limitation is the low number of events for some of
the studied endpoints. This limits the statistical power. The
number of PC deaths and development of metastasis was
very low in both cohorts, which is well documented for
low-risk PC. However, besides being a limitation, the limited
number of PC-specific endpoints is also an argument against
a very strict protocol during the first years of surveillance—
there is little room for improvement. Further strengths are
the relatively large patient cohorts and long follow-up, espe-
cially for the ERSPC cohort, although we acknowledge the
evident difference in follow-up times between the two
cohorts. However, this is inherent to the study design and
avoidable only in a prospective, comparative, and preferen-
tially randomized trial.

5. Conclusions

Our results suggest that AS protocols that currently rely
heavily on repeat biopsies and intensive PSA testing should
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be revisited for the early follow-up period. We advocate a
personalized and less strict follow-up for PC AS in the con-
temporary era, while we urge publication of long-term data.
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