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Simple Summary: Life expectancy in Western countries and East Asian countries has incremented
over the past decades, resulting in a rapidly aging world, while in general, radical prostatectomy
(RP) is not recommended in elderly men aged ≥75 years. Together with the evolving technique of
robotic surgeries, surgical indications for RP should be reconsidered in ‘elderly’ and ‘frail’ men, since
this procedure has now become one of the safest and most effective cancer treatments for prostate
cancer. One important element to determine surgical indications is surgical tolerability. However,
evidence is scarce regarding the surgical tolerability in elderly men undergoing robot-assisted radical
prostatectomy (RARP). In this review, we focused on the surgical tolerability in ‘elderly’ and/or
‘frail’ men undergoing RARP, with the intent to provide up-to-date information on this matter and to
support the decision making of therapeutic options in this spectrum of patients.

Abstract: Robot-assisted radical prostatectomy (RARP) has now become the gold standard treatment
for localized prostate cancer. There are multiple elements in decision making for the treatment
of prostate cancer. One of the important elements is life expectancy, which the current guidelines
recommend as an indicator for choosing treatment options. However, determination of life expectancy
can be complicated and difficult in some cases. In addition, surgical tolerability is also an important
issue. Since frailty may be a major concern, it may be logical to use geriatric assessment tools to
discriminate ‘surgically fit’ patients from unfit patients. Landmark studies show two valid models
such as the phenotype model and the cumulative deficit model that allow for the diagnosis of frailty.
Many studies have also developed geriatric screening tools such as VES-13 and G8. These tools may
have the potential to directly sort out unfit patients for surgery preoperatively.

Keywords: robot-assisted radical prostatectomy (RARP); prostate cancer; elderly; frail; frailty;
surgical tolerability

1. Introduction

In elderly patients, several clinical elements construct the background of decision-
making for the treatment of prostate cancer (PCa). One of the important elements is the
rapid acceleration of global aging. Life expectancy is prolonged in the United States, as
well as in European and East Asian countries. For example, the life expectancy at birth
in the United States was 74.12 years in the year 2000 but was elevated to 76.28 years in
2019 [1]. Similar trends were observed in most of the European and East Asian countries [1].
Notably, in some countries such as Portugal, Spain, and Ireland, the life expectancy at birth
has been prolonged by more than 5 years during the last decade [1].

We also know that older men with PCa have a higher chance of harboring higher-grade
tumors, advanced stage, and worse prognosis [2]. Recent statistics show that patients aged
≥60 years are burdened by a higher probability of developing invasive Pca [3]. Additionally,
Pca is the third and second leading cause of death in patients aged 60–79 and ≥80 years,
respectively [3].
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Another concern is the time-consuming and complex flow chart of the current guide-
lines [4–6]. For instance, in the NCCN guideline, surgeons would have to check the
recommended life expectancy for the treatment depending on the risk group of Pca. Then,
a rough estimate of life expectancy, in general, is investigated by searching the data of the
WHO [7] or referencing the appropriate statistics [8]. Finally, the life expectancy is adjusted
by combining the information of health status from three categories [4]. However, the
method on how to evaluate the health status is up to the surgeons. In addition to this, the
biggest concern is the insufficient amount of evidence to strongly provide a recommenda-
tion for treatment in elderly men. This is partly because elderly men are not usually eligible
for randomized controlled studies or clinical trials [9]. In this context, urologists may have
to make their own clinical decision in individual cases and carry out their practice by
subjectively combining the health status to of surgical indication or even make decisions
according to the evidence based on men of younger age.

One idea to distinguish ‘fit’ from ‘unfit’ patients regarding surgical indication is
to introduce the idea of ‘frailty’. Although there are some geriatric assessment tools to
evaluate patients with ‘frailty’, one is not superior to another. Therefore, to this day, the
most effective tool to discriminate between ‘fit’ and ‘unfit’ patients for surgery is not
universal. Additionally, there are also tools to predict life expectancy, but those do not fully
meet the surgeon’s trust, since the calculation is rather a rough estimate. Consequently,
there are still many urologists that depend more on chronological age or the surgeon’s
experience for the decision-making of cancer treatment.

We must also bear in mind the paradigm shift of the prevalence of robotic surgery.
The surgical technique has evolved for the surgical treatment of PCa over the couple of
decades with the introduction of RARP. Surgical robots are multi-armed with joints that
provide smooth motion and are capable of reducing the tremor of surgeons. It also has
a three-dimensional magnified view that provides an excellent view of the surgical field.
Given the advantage that RARP embraces, the surgical indication may be extended to
patients that would have been treated otherwise before the RARP era.

Taken together, these elements lead to complex and controversial decision making in
the management of PCa. In this review, we evaluate the previous publications on elderly
and frail patients undergoing RARP, with a particular focus on surgical tolerability, and
address future perspectives in this field.

2. Surgical Tolerability in ‘Elderly’ Patients
2.1. The Definition of ‘Elderly’

Conventionally, the WHO uses ‘65 years of age and over’ as the definition of ‘el-
derly’ [10], and in fact, most pension schemes worldwide use a cutoff value of around
65 years for eligibility [11]. The Organisation for Economic Co-operation and Development
(OECD) also defines ‘elderly’ as 65 years and over [12]. However, the definition of the term
‘elderly’ itself is not universally applicable and also changing, potentially differing across
countries. For instance, in Japan, ‘elderly’ was defined as having a chronological age of
65 years or older until 2017, when the Joint Committee of Japan Gerontological Society
and the Japan Geriatrics Society announced that ‘elderly’ should be redefined as ages
75 years and older [13]. Their proposition was based on the ‘rejuvenation’ phenomenon
in the elderly population in recent years [13]. Specifically, physical functions including
gait speed and grip strength were significantly greater in the fiscal year 2002 than those in
1992 [13]. In addition, the International Society of Geriatric Oncology (SIOG) updated its
recommendations on prostate cancer management in older patients in 2019 [14]. According
to this expert consensus, it was stated that men aged 75 years and older with prostate
cancer should be managed according to their individual health status by using geriatric
assessment tools instead of making decisions by chronological age.
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2.2. Evidence on the Feasibility of RARP in Elderly Men Aged ≥75 Years

Alongside the changes in the concept of the term ‘elderly’, increasingly more published
data are presented for men aged ≥75 years undergoing RP (Table 1). To note, no randomized
controlled trial (RCT) or prospective study has compared the complication rates between the
elderly and younger population. However, six retrospective studies report perioperative
outcomes in patients undergoing RP, of which, three showed a direct comparison of
functional outcomes and complication rates between elderly and younger men (Table 1).

One of the first studies to evaluate the surgical, oncologic, and functional outcomes
in men aged ≥75 years was reported by Labanaris et al. [15]. This retrospective study
reported higher rates of minor complications in the elderly group (15.5% vs. 11.4%),
although it was compared to that of the entire cohort. We previously investigated the
perioperative, oncologic, and functional outcomes of RARP in men aged ≥75 years in
comparison with younger men [16]. Although there were no significant differences in
terms of complication rates, the duration of hospitalization was longer in the elderly group.
Specifically, Clavien-Dindo grade ≥3 complication rates were 2.6% and 4.3% with no
statistical difference between men aged ≥75 years and younger, respectively [16]. Togashi
et al. reviewed 752 patients who underwent RARP and compared the results of self-reported
questionnaires among three groups on the basis of age (age <70, 70–74, and ≥75 years) [17].
The oncologic outcomes and pad-free rates were similar among the groups. Regarding
complication rates, Clavien-Dindo grade 3 complication rates were 0.6%, 0%, and 0% in
men aged <70 years, 70–74 years, and ≥75 years, respectively [17].

The most recent studies included a large population of elderly patients. Ko et al.
reviewed the clinical records of 1110 subjects aged ≥75 years, of which 883 and 227 under-
went RARP and RT, respectively [18]. This study showed that overall mortality (OM) was
associated with diabetes and cancer-specific mortality and was inversely associated with
low-risk PCa, but not the type of treatment (RP or RT) after using the inverse probability
of treatment-weighting (IPTW) modeling [18]. Leyh-Bannurah et al. investigated clinical
outcomes in 669 patients aged ≥75 years and 8268 patients aged <70 years [19]. Thirty-day
complication rates were similar between men aged ≥75 years and <70 years. Erectile
function and biochemical recurrence (BCR) rates were lower in men aged ≥75 years after
propensity score matching (27% vs. 56%, 77% vs. 85%, respectively) [19].

There is only one retrospective study showing data from men aged ≥80 years, although
this study was not conducted in a comparative design [20]. This study showed the peri-
operative and postoperative complications after RARP in 46 patients aged ≥80 years [20].
Nine patients had postoperative complications, of which, two were Clavien-Dindo grade
≥3. The authors noted that RARP represents a feasible treatment option in well-selected
octogenarian men.

Most of these studies showed no significant increase in complication rates in the
elderly population, although this spectrum of men may have been well selected. These
studies suggest that RARP may be feasible in elderly men when the target population
is well-selected, and it may also suggest the need for indications to select patients for
RARP. Evidence is scarce regarding this issue with no RCT studies comparing the surgical
outcomes between the elderly and younger men.

Table 1. Previous studies evaluating perioperative outcomes of radical prostatectomy in men aged
≥75 years.

First Author, Year Study Design Patient Selection No. Pts. f/u (mo) Findings

Labanaris,
2012 [15] R, C

cT2: 74%, cT3: 26%
≥75 years vs.
entire cohort

N45 vs. N2000 17 Similar continence and potency
rates at 12mo, lower BMI, GS, RM.
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Table 1. Cont.

First Author, Year Study Design Patient Selection No. Pts. f/u (mo) Findings

Yamada,
2020 [16] R, C

cT1c 78%, cT2-3
22%
≥75 years vs.
<75 years

N46 vs. N568 34

Worse trend in duration of
hospitalization. Similar CSS,
urinary continence, blood
transfusion rates, and
complication rates.

Togashi,
2021 [17] R, C

≥75 years vs.
70–74 vs.
<75 years

N469 vs. N216
vs. N74 47

No significant differences among
groups regarding G8, sFI, pad-free
rates, BCRFS, CSS, OS, and
complication rates.

Ko,
2021 [18] R, C, IPTW

All ≥75 years;
cN0M0
RARP vs. RT

N883 vs. N227 74

Similar CSS and OS (83.4% of RT
were with ADT).
DM and low-risk PCa were
associated with OS.

Shahait,
2021 [20] R All ≥80 years;

cN0M0 N46 NA

Mean length of stay: 1.21 days,
postoperative complication
occurred in 9 (7 were Clavien 1–2,
2 were Clavien ≥3); continence
rates at 3 and 12 months were 68.4%
and 84.8%, respectively.

Leyh-Bannurah,
2022 [19] R, C, PSM ≥75 years vs.

<70 years
N669 vs.
N8268 48–49

Similar blood loss, 30 d
complication rates, and urinary
continence. Worse BCRFS and
erectile function.

No.: number, pts.: patients, R: retrospective study, C: comparative study, IPTW: inverse probability of treatment-
weighted study, PSM: propensity-score-matched study, BCRFS: biochemical recurrence failure-free survival, CSS:
cancer-specific survival, OS: overall survival, ADT: androgen deprivation therapy, DM: diabetes, PCa: prostate
cancer, BMI: body mass index, GS: Gleason score, RM: resection margin, sFI: simplified Frailty Index.

2.3. Comparison of Treatment Options in Elderly Men
2.3.1. Cancer Control

Several landmark studies compared the oncologic outcomes among RP, RT, and obser-
vational treatment options [21–23]. The ProtecT trial compared active monitoring, RP, and
external-beam RT (EBRT) for the treatment of clinically localized PCa and found no statis-
tical significance in cancer-specific mortality among treatment options [21,22]. Although
there was a sub-analysis assessing the impact on men over 65 years old, patients included
in the study were all under 70 years old and therefore may not have shown the true nature
of characteristics in the elderly population. Another RCT assigned 695 men to either RP
or watchful waiting and compared mortality with a median follow-up of 23.6 years [23].
The cumulative incidences of death from PCa at 23 years were 19.6% and 31.3% for RP and
watchful waiting, respectively. This study also performed a sub-analysis in men aged <65
vs. ≥65 years and found that more benefits regarding mortality and metastasis were likely
to be provided by RP in the younger group. A large prospective study by Nepple et al.
compared PCa-specific mortality among 10,361 patients undergoing either RP, EBRT, or
brachytherapy (BT) with a median follow-up of 7.2 years [24]. Age was a significant factor
in the univariate analysis but did not remain statistically significant in the multivariate
analysis predicting PCa-specific mortality.

Unfortunately, there are no RCTs evaluating the comparison of treatments in an elderly
population. Notably, one large retrospective study including 10,563 men aged ≥75 years
with cT2 localized PCa showed that RP was superior to RT in overall survival and cancer-
specific survival after propensity score matching (hazard ratio (HR) = 0.54, 95% confidence
interval (CI) = 0.47–0.62, and HR = 0.30, 95% CI = 0.20–0.45) [25]. Interestingly, a sub-
analysis in the study showed that for patients with Gleason score (GS) = 7, RP provided a
higher risk decline of overall death when compared with RT treatment [25].
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2.3.2. Complications after Treatment in Elderly Men with PCa

Comparing the risk of complications as well as cancer control is essential in treatment
optimization, especially for elderly men, since tolerability may have deteriorated in this
segment of the population and intervention may accelerate the vulnerability. For instance,
androgen deprivation therapy (ADT) is known to increase the risk of bone fracture [26],
diabetes [27,28], and cardiovascular disease [29,30], although there are some ways to
mitigate these concerns [31]. Since testosterone has a neuro-protective effect including the
improvement of energy metabolism and reduction of oxidative stress in neurons [32], ADT
may deteriorate cognitive function [33] and may increase the risk of dementia as well [34].
Low serum testosterone level also correlates positively with lean body mass, which can be
calculated by subtracting the weight of all the fat from the total weight of the body [35].
Interestingly, androgen deprivation therapy may selectively decrease lower-limb muscle
function mediated by reduction of the iliopsoas and quadriceps force by 14% and 11%,
respectively [36]. Another study investigating sarcopenia during ADT for PCa revealed
that men of age ≥70 years had a significantly greater reduction of lean body mass than that
of younger men [35]. Taken together, ADT may accelerate the deterioration of mobility in
elderly men undergoing ADT for PCa.

Radiation therapy used in the treatment of PCa varies from brachytherapy (BT) to ex-
ternal beam radiation therapy (EBRT). In general, urinary obstruction and urethral stricture
are the most common severe urinary toxicities [37]. The incidence rate of urethral stricture
after EBRT is <7% with <5 years of follow-up and increases to 10–18% with 5–10 years of
follow-up [38]. This means that the longer the life expectancy at the time of EBRT therapy,
the higher the risk of having this complication over a lifetime. Another concern in patients
undergoing RT is hematuria. The 5- and 10-year incidences of macrohematuria are 5%
and 8%, respectively, in patients undergoing RT [39]. As the use of anticoagulants may
increase in elderly men due to an increasing incidence of atrial fibrillation and venous
thromboembolism [40] in the elderly population, they might be at more risk of suffering
macrohematuria after RT.

In general, patients who undergo RP are more likely to suffer complications involv-
ing urinary incontinence (UI) and erectile dysfunction (ED) when compared with other
treatment modalities such as RT with or without ADT [41,42]. However, a recent propensity-
score-matched study comparing complication status between RP and high-dose intensity-
modulated radiotherapy (IMRT) combined with long-term hormone therapy (HT) showed
otherwise with respect to erectile dysfunction in patients with age ≥80 years [43]. This retro-
spective cohort included 659 patients with high-risk PCa and was conducted by propensity
score matching of a 1:2 ratio based on positive surgical margin status (277 patients for
RP and 382 patients for IMRT + HT) and compared acute and chronic complications after
treatments [43]. The approach of RP was not shown, and therefore the number of cases
performed in robotic procedures is unknown. In addition, patients in the IMRT + HT
group received 1.5–3 years of long-term HT in combination with IMRT. The rates of erectile
dysfunction were significantly higher in the IMRT + HT group at 3 months and 1 year
after treatment [43]. Benign prostatic hyperplasia (BPH) symptoms were more frequently
observed in the IMRT+HT group at any time points throughout the study (days 1–90,
days 91–365, 2 years, 3 years, 4 years, and 5 years after treatment) [43]. On the contrary, UI
was more frequently observed in the RP group throughout all time points. After 5 years,
common chronic complications were BPH symptoms and UI (RP vs. IMRT+HT: 17.7% vs.
29.6% and 10.5% vs. 5.5%, respectively) [43]. Notably, the occurrence rate of hernia was
also higher in the RP group, although the type of hernia was not mentioned. Interestingly,
the rate of impotence was comparable between the two groups after 2–5 years but even
worse in the IMRT + HT group in the acute and subchronic phases after treatment [43].

A large population-based cohort study including a total of 32,465 patients under-
going either RP or RT reported the incidence of complications other than UI or erectile
dysfunction [44]. The five outcomes implemented in the study were (1) necessity of hospital
admission to manage a treatment-related problem; (2) minimally invasive urological proce-
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dure (e.g., cystoscopy); (3) rectal or anal procedure (e.g., endoscopy); (4) open procedure
related to the urinary tract, rectum, and anus; and (5) development of secondary malig-
nancy. Interestingly, RT showed higher risks in all outcomes except for minimally invasive
urological procedures (HR 0.66 (95% CI: 0.63–0.69), p < 0.0001). As for hospital admission,
HR in the RT group compared with the RP group incremented every year starting from
the first year, which was 0.86 and to 10.8 at 5 years. Similarly, HR in the RT group for
the open surgical procedure was also incremented every year, starting from 1.15 in the
first year to 3.68 in 5 years. Regarding rectal or anal procedure and secondary malignancy,
HRs were 2.72 (95% CI: 2.40–3.08; p < 0.0001) and 2.08 (95% CI: 1.48–2.91), respectively,
in favor of RP. Notably, the study did not measure repeat complications or management
and time to the first complication was used for analyzing the data. Assumably, multiple
procedures such as coagulation of bleeding from the bladder or the prostate, as is often
observed in cases treated with RT, were not taken into account. Since the median ages of
patients undergoing RP and RT were 62 and 70 years, respectively, the population of the
cohort was characterized as rather younger aged. Therefore, future studies are expected to
show the results of comparison among treatments in the older population.

3. Frailty and Surgical Tolerability
3.1. Age-Related Changes

Skeletal muscles are known to form the largest tissue constructing the body and also
provide three major functions such as maintaining posture/locomotion, providing protein
and amino acids, and producing body heat [45]. However, skeletal muscles significantly
decrease with age, commonly beyond the age of 60 years, resulting in a reduced maximum
voluntary force of contraction in the proximal and distal muscles [45–47]. This reduction of
muscle mass and strength is known as sarcopenia, which correlates with an increased risk
of frailty and falling [48]. Aging also decreases the level of testosterone (T) production, and
this accelerates sarcopenia [48] and osteoporosis [49]. Low levels of T are also associated
with atherosclerotic plaques and endothelial dysfunction that affect the cardiac muscles
and vascular smooth muscles resulting in reduced cardiac power output or incrementing
risks of coronary or cerebral disease [45]. Especially in elderly patients, arterial stiffening,
or arteriosclerosis, is associated with a reduction of cognition and age-related pathology,
including Alzheimer’s disease and dementia [50].

3.2. The Definition and Models of ‘Frailty’

The definition of ‘frailty’ is a state of increased vulnerability to poor resolution of
homeostasis following stress, which increases the risk of adverse outcomes including falls,
delirium, and disability [51,52]. Although the criteria of ‘frailty’ vary, the two principal
models of ‘frailty’ are the phenotype model suggested by Fried et al. known as the
‘Fried frailty criteria’ and the cumulative deficit model represented by the Canadian Study
of Health and Aging (CSHA) Frailty Index [52–54]. The former phenotype model was
initially developed by analyzing the data from the Cardiovascular Health Study (CHS) that
contained 5210 men and women aged 65 years and older [53]. The phenotype model was
based on unintentional weight loss, self-reported exhaustion, low energy expenditure, slow
gait speed, and weak grip strength. Patients with three of the five factors were defined
as ‘frail’, with one to two factors as ‘pre-frail’, and no factors as robust [53]. To note, this
model does not include content regarding cognition and mental health.

The CSHA Frailty Index (FI) represents the latter cumulative deficit model that was
developed from the CSHA, which was a 5-year prospective cohort study initially including
10,263 people aged 65 years and older [54]. The CSHA-FI was based on a count of 70 clinical
deficits from the CSHA clinical assessment [54]. Later, subsequent studies suggested
models that were based on a reduced number of clinical deficits; modified FI-11 (mFI-
11) and modified FI-5 (mFI-5) [55,56]. The mFI-11 was calculated using 11 factors such
as functional status, history of diabetes, respiratory problems, congestive heart failure,
myocardial infarction, cardiac problems, arterial hypertension, delirium, history related to
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cognitive impairment or loss, cerebrovascular problems, and history of stroke/decreased
peripheral pulses [55,56]. The mFI-5 consists of functional status, diabetes, history of
chronic occlusive pulmonary disease, history of congestive heart failure, and hypertension
requiring medication [56]. The mFI-5 showed strong correlations with mFI-11 in any type of
surgery, and it also showed acceptable predictive value for the postoperative complication,
unplanned 30-day readmission, and mortality regarding general surgery [56].

Although the Fried phenotype model and cumulative deficit model overlap in the area
of physical functional status, the latter model showed greater discrimination for patients
with moderate and severe frailty [52,57]. In addition, it is more likely to reflect the idea of
Comprehensive Geriatric Assessment (CGA).

Frailty also has close links with sarcopenia [48,58]. Although the concepts of frailty
and sarcopenia are evolving, frailty is focused on a framework to detect people with a high
risk of disability. On the other hand, sarcopenia is considered a muscle failure or muscle
insufficiency that may lead to physical frailty [58]. In this context, both concepts overlap in
the physical element [58].

3.3. Evaluation of Frailty: Comprehensive Geriatric Assessment and Screening Tools

The gold standard for assessing health status is the CGA [59]. The CGA is a mul-
tifaceted evaluation method that can detect physical, functional, and mental deficits of
the patient [60]. According to the latest recommendation of the International Society of
Geriatric Oncology (SIOG) Taskforce, the geriatric domains that should be assessed in CGA
are functional status, comorbidity, cognition, mental health status, fatigue, social status and
support, nutrition, and geriatric syndromes (e.g., dementia, delirium, falls, incontinence,
osteoporosis, polypharmacy, and sarcopenia) [61]. It is known that the use of CGA not only
improves cognitive function and reduces disability progression, as well as reducing the
risk of falls, unplanned hospitalization, and nursing home admission, but that it may also
improve mortality, although this may be limited to the younger-age subjects [52,62,63]. On
the contrary, the greatest disadvantage of CGA is the time-consuming assessment and ne-
cessity of multiple types of expertise, including geriatrists, urologists, and potentially even
physical therapists or physicians. On this ground, screening tools before implementing
CGA were developed.

The Vulnerable Elders Survey-13 (VES-13) and Geriatric 8 (G8) are some of the screen-
ing tools other than Fried frailty criteria [64–66]. Both tools can be self-reported or adminis-
tered by a nurse with no expertise in geriatrics and can be completed in about 5 min [67,68].
In elderly patients with cancer, the sensitivity and specificity of predicting frailty on CGA
were as follows: 68% and 78% for VES-13, 87% and 61% for G8, respectively [66].

VES-13 was developed to identify community-dwelling vulnerable older people at the
risk of death or functional decline [64]. It contains 13 items that add up to a maximum of 10
points. Subjects with scores of ≥3 points had 4.2 times the risk of death or functional decline
over a 2-year period [64]. This tool predicts mortality in several cancer types including
gastrointestinal cancer [69], colorectal cancer [70], and prostate cancer [71]. Notably, in
patients with prostate cancer who receive ADT, the sensitivity and specificity of VES-13
predicting impairment were 72.7% and 85.7%, respectively, when compared with CGA [67].

G8 consists of eight items that cover food intake, weight loss, mobility, neuropsy-
chological problems, body mass index, polypharmacy, self-perceived health status, and
age [65]. G8 scores range from 0 to 17, and most studies use 14 or 11 points as the cutoff
line [72–75]. With the cutoffs of ≤14 as abnormal G8 scores, the G8 scores had a 65.2%
sensitivity and 95.7% specificity for detecting vulnerability in PCa patients [76].

3.4. Association between ‘Frailty’ and Complication Rates in RARP Patients

Previous retrospective studies have shown comparable outcomes in men aged ≥75 years
(Table 1). However, these studies have inevitable bias generated from the retrospective design.
Specifically, the cohort with elderly men undergoing RARP may be well selected in terms
of surgical tolerability. Under the circumstances where there are no RCTs to confirm the
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safety of recommending RARP in this set of patients, it may be important to find a way
to discriminate against patients associated with ‘surgical intolerability’. Frailty has grown
attention from surgeons since this spectrum of patients may be the center standpoint of
patients with ‘surgical intolerability’.

Evidence on perioperative outcomes of RARP in association with frailty is shown in
Table 2. Six retrospective studies were identified, of which, four studies consisted of a pure
population of RARP patients [77–82]. Notably, three studies used G8 to detect frailty.

Table 2. Relationships between frailty and postoperative outcomes in radical prostatectomy.

First Author, Year Surgical Approach Type of Tools No. Pts. Findings

Levy,
2017 [77] RARP mFI-15 23,104

mFI-15 ≥ 3 showed OR 12.1 (CI: 2.8–52.4,
p < 0.005) for Clavied–Dindo grade
4 complications

Rosiello, 2020 [78] Miscellaneous Johns Hopkins
ACG 91,618 Higher rates of overall complications (16.6% vs.

8.6%) and major complications (4.9% vs. 2.6%)

Momota, 2020 [79] RARP G8 *, sFI, NRS 154

Frailty defined by both terms (G8 ≤ 14 or sFI
0–1) was not associated with postoperative
complications, but frailty defined by G8 was
associated with NRS ≥ 5 (moderate to
severe pain)

Shahait,
2021 [80] Miscellaneous 5-iFI 33,643

5-iFI ≥ 2 score was associated with higher
Clavien–Dindo grade complications, longer
length of stay, and increased risk of mortality

Togashi, 2021 [81] RARP G8 * 118 No association between frailty and
health-related QUL or LUTS

Kodama,
2021 [82] RARP G8 * 479

Age, cerebrocardiovascular disease or chronic
respiratory disease, and G8 scores were
associated with surgical contraindications

No.: number; pts.: patients; RARP: robot-assisted radical prostatectomy; mFI-15: modified Frailty Index; OR:
odds ratio; CI: confidence interval; ACG: adjusted clinical groups; sFI: simplified Frailty Index that consists of
4 comorbidities (hypertension, diabetes, cardiovascular disease, chronic respiratory disease) and instrumental
activities of daily living; NRS: Numeric Rating Scale; 5-iFI: a total score was calculated by assigning a point for
each conditions such as chronic obstructive pulmonary disease, congestive heart failure, dependent functional
status, hypertension, and diabetes. * G8 ≤ 14 was used for cut-off in defining frailty.

Rosiello et al. explored postoperative outcomes in 91,618 patients treated after RP [78].
Overall, 12,185 (13.3%) patients were identified as being frail. Frail patients had higher
rates of overall and major complications (16.6% vs. 8.6% and 4.9% vs. 2.6%, respectively).
Interestingly, of these frail patients, approximately 86% neither exhibited a body mass
index (BMI) ≥ 30 nor Charlson Comorbidity Index ≥ 2, suggesting that frail patients are
at risk of postoperative outcomes that cannot be predicted by other factors, such as BMI
or comorbidities.

Another retrospective study including 23,104 patients undergoing RARP investigated
the association between frailty and Clavien–Dindo grade 4 (CDIV) complications in RARP
patients [77]. A modified frailty index score using 15 variables was used in the study.
Men with modified frailty index (mFI-15) score of ≥3 had a high odds ratio of 12.1 (CI:
2.80–52.3) in comparison with non-frail patients [77]. Patients with higher mFI-15 scores
were also likely to have higher rates of wound disruptions, bleeding transfusions, and
30-day mortality, as well [77]. Interestingly, they suggested a combined variable of mFI-15
and the American Society of Anesthesiology classification to predict 30-day mortality for
RARP patients (C-index 0.709) [77].

Momota et al. investigated the G8 scores in patients with PCa and found that G8
scores were higher in RARP than in RT or ADT-alone treatment groups, indicating sur-
geons’ potential selection bias of patients undergoing certain types of treatment [79]. They
also evaluated the Fried phenotype criteria and found that the compatibility of frailty
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between G8 ≤ 13 and Fried phenotype criteria (≥3) was acceptable (Cohen’s kappa = 0.268,
p = 0.007).

A large retrospective cohort study assessed the association between simple 5-item
frailty index (5-iFI) scores and surgical outcomes of RP [80]. The 5-iFI was based on the
following five indicators: chronic obstructive pulmonary disease or pneumonia, congestive
heart failure, dependent functional status, hypertension, and diabetes. The study included
15,546, 14,541, and 3,556 patients with simple 5-item frailty index (5-iFI) scores of 0, 1, and
≥2, respectively [80]. Unsurprisingly, patients with ages >65 years were more likely to
have higher 5-iFI scores. In addition, 5-iFI score ≥ 2 showed increased odds ratios of 1.66
(CI: 1.31–2.11) and 1.85 (CI: 1.39–2.46) in patients with Clavien–Dindo grades ≥3 and ≥4,
respectively [80]. Unfortunately, the type of approach regarding RP was not mentioned in
this study.

The FRART-PC Study developed a nomogram that included G8 scores to predict
‘surgical indication’ for PCa on the basis of the data of 479 patients with localized PC
who were treated with RARP or RT [82]. In the study, surgical indication was analyzed
with respect to association with G8 scores and other factors after it was determined by the
surgeon according to the presence of comorbidities and/or patient preference. Therefore,
the nomogram in this study may only predict the ‘surgical indication’ determined by the
surgeon and patient preference and thus does not predict the true surgical indication that
should be determined from the perspective of complication rates or morbidity. Moreover,
the variables regarding comorbidities were used in both the nomograms and the predicted
binary outcome of ‘surgical indication’, which may generate some limitations regarding
the study design.

The impact of the G8 tool on quality of life and lower urinary symptoms seems
to be insignificant. A longitudinal prospective study was conducted on 118 patients
undergoing RARP for 12 months and investigated the G8 scores to classify patients into
either frail (G8 ≤ 14) or non-frail (G8 > 14) groups [81]. Health-related quality of life
(HRQOL) and lower urinary tract symptoms (LUTS) were also assessed but unfortunately
had no significant association with frail [81].

4. Patient Preference

Previous literature showed that older patients associated with cancer have been both
under-investigated and under-treated [83]. A systematic review revealed that factors for
declining cancer treatment included concerns regarding discomfort of the treatments, fear of
side effects, and transportation difficulties, while factors for accepting cancer treatment were
convenience and success of treatment, the necessity of treatment, trust in the physician, and
following the physician’s recommendation [83]. Additionally, the expectation of complete
tumor removal is a strong factor that affects decision making on selecting RP [84,85].

Togashi et al. reviewed 752 patients who underwent RARP and compared the results
of self-reported questionnaires among three groups on the basis of age (age < 70, 70–74,
and ≥75 years) [17]. The oncologic outcomes and pad-free rates were similar among the
groups. Nevertheless, the ratio of patients attaining full satisfaction (score = 100) quantified
by the Expanded Prostate Cancer Index Composite (EPIC) questionnaire at 12 months was
significantly higher in the ‘ages ≥ 75 years’ group than in the ‘ages < 70 years’ group (27%
vs. 15%, respectively) [17]. The authors commented that younger patients experienced a
certain degree of deterioration of health-related quality of life after RARP compared with
the baseline, while this deterioration was not observed for older patients [17].

According to a study assessing the impact of preoperative sexual function level and
patient preference on receipt of active surveillance (AS) in patients with low-risk cancer,
52.6% of the men showed a strong preference for preserving sexual function, although
older men were less likely to do so [86].

In a total of 509 men with PCa, Paudel et al. assessed the Personal Patient Profile-
Prostate (P3P), a self-reported questionnaire that collects information on the bladder, bowel,
or sexual problems and their influence on the decision making of treatment modalities [87].
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The authors noted that men who suffered bladder, bowel, and sexual problems as having
‘a lot of influence’ on their treatment-decision chose AS, and further suggested that many
men in the elderly population who have less concern over these problems may not choose
AS [87].

Although the urologists’ recommendation or decision aid was the most important
factor that influenced patients’ decision to choose certain treatment modalities such as active
surveillance [88,89], recommendation of treatment may not always align with the patient’s
preference. Especially in the elderly population, cognitive problems may occur involving
acceptance of recommended treatment, and travel distance to the treatment facility may
be an extra burden. Further, the partner may have a great influence on the patient’s
preference [90,91]. In a study evaluating the self-reported questionnaires completed by the
partners of patients with PCa, 88% of the partners reported active involvement throughout
the decision-making process [90]. Unfortunately, this would not be the case for some
patients in the elderly population without a partner.

The accessibility to robotic surgery may also be involved in the decision making of
undergoing RARP. An interesting study by Sugihara et al. showed a 13% reduction in RP
caseload in non-robot hospitals, whereas a 101% gain in caseload was observed in hospitals
with surgical robots [92]. Another study by Muralidhar et al. investigated the association
between travel distance and choice of treatment [93]. Interestingly, 53.3% of the urban
patients preferred RT, compared with 47%, 43.6%, and 33.8% of those living 5–10, 10–15, or
>15 miles away from the treatment facility, respectively [93]. On the contrary, rural patients
were less likely to choose RT the farther they lived from the treatment facility [93]. Distance
to the treatment facility may be a significant burden to elderly patients and influence the
decision making of treatment modalities. Presumably, RT may be an infeasible option for
certain patients who have difficulty accepting daily treatment for over several weeks [93].

On this ground, urologists must bear in mind the total situation of the patient’s envi-
ronment and not make a dogmatic decision on treatment options. In addition, urologists
should provide adequate clinical information to patients, since patients may not have
sufficient knowledge to determine treatment options that may lead to decision-regret
post-operatively.

5. Present Recommendation of Treatment in Elderly Patients with PCa and
Future Perspectives

Surgical tolerability should be determined by the biological age, specifically when the
type of surgery is less invasive such as the RARP procedure. The word ‘life expectancy’ is
a troublesome term. It is very difficult to predict one’s life expectancy at a certain point
in time in individual cases. The NCCN guideline tries to resolve this by implementing
additional adjustments on the basis of three categories (best quartile of health-add 50%,
worst quartile of health-subtract 50%, and middle two quartiles of health-no adjustment) [4].
However, this assessment depends on the clinician’s evaluation, and the method of this
classification is vague. This is because the evidence is scarce on what type of geriatric
assessment tools or predictors of health status should be used for surgical indications for
RARP. Although implementing both geriatric screening tools and CGA to screen out ‘unfit’
patients for surgery seems to be a recommended method in the status quo (Figure 1A),
future studies are required to demonstrate the type of clinical tools that can directly predict
the risks of RARP in elderly men (Figure 1B). In this way, urologists could proceed oncologic
practice without consuming time for investigation on frailty. Additionally, urologists would
have more confidence in their treatment recommendations and patients can easily choose
a treatment option. Geriatric screening tools that can directly determine the surgical
tolerability may alternatively replace the role of life expectancy in future clinical guidelines.



Cancers 2022, 14, 5061 11 of 15

Cancers 2022, 14, x FOR PEER REVIEW 11 of 15 
 

 

could proceed oncologic practice without consuming time for investigation on frailty. Ad-
ditionally, urologists would have more confidence in their treatment recommendations 
and patients can easily choose a treatment option. Geriatric screening tools that can di-
rectly determine the surgical tolerability may alternatively replace the role of life expec-
tancy in future clinical guidelines.  

 
Figure 1. Flowcharts showing recommended use of geriatric tools in decision-making of treatment 
for prostate cancer. (A) Use of geriatric screening tools and comprehensive geriatric assessment in 
status quo. (B) Future perspective of direct use of geriatric screening tool to determine surgical tol-
erability. 

Author Contributions: Y.Y. wrote the manuscript. S.T. and H.K. supervised the manuscript. All 
authors have read and agreed to the published version of the manuscript. 

Funding: Japan Society for the Promotion of Science (JSPS) (KAKENHI grant no. 20K18134). 

Conflicts of Interest: The authors declare no conflict of interest. 

References 
1. Life Expectancy at Births (Years)–World Helath Organization. Available online: https://www.who.int/data/gho/data/indica-

tors/indicator-details/GHO/life-expectancy-at-birth-(years) (accessed on 10 September 2022). 
2. Scosyrev, E.; Messing, E.M.; Mohile, S.; Golijanin, D.; Wu, G. Prostate cancer in the elderly: Frequency of advanced disease at 

presentation and disease-specific mortality. Cancer 2012, 118, 3062–3070. 
3. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2020. CA Cancer J. Clin. 2020, 70, 7–30. 
4. NCCN Guidelines Version 4.2019 Prostate Cancer. Available online: https://www2.tri-kobe.org/nccn/guideline/urological/eng-

lish/prostate.pdf (accessed on 10 September 2022). 
5. Mottet, N.; van den Bergh, R.C.N.; Briers, E.; Van den Broeck, T.; Cumberbatch, M.G.; De Santis, M.; Fanti, S.; Fossati, N.; 

Gandaglia, G.; Gillessen, S.; et al. EAU-EANM-ESTRO-ESUR-SIOG Guidelines on prostate cancer-2020 update. Part 1: Screen-
ing, diagnosis, and local treatment with curative Intent. Eur. Urol. 2021, 79, 243–262. 

6. Eastham, J.A.; Auffenberg, G.B.; Barocas, D.A.; Chou, R.; Crispino, T.; Davis, J.W.; Eggener, S.; Horwitz, E.M.; Kane, C.J.; Kirkby, 
E.; et al. Clinically Localized Prostate Cancer: AUA/ASTRO Guideline, Part I: Introduction, Risk Assessment, Staging, and Risk-
Based Management. J. Urol. 2022, 208, 10–18. 

7. GHO|By category|Life Tables by Country. Available online: https://apps.who.int/gho/data/view.main.60000?lang=en (ac-
cessed on 4 September 2022). 

8. Acturial Life Table–Social Security Administration. Available online: https://www.ssa.gov/OACT/STATS/table4c6.html (ac-
cessed on 4 September 2022). 

9. Narita, S.; Hatakeyama, S.; Sakamoto, S.; Kato, T.; Inokuchi, J.; Matsui, Y.; Kitamura, H.; Nishiyama, H.; Habuchi, T. Manage-
ment of prostate cancer in older patients. Jpn. J. Clin. Oncol. 2022, 52, 513–525. 

Figure 1. Flowcharts showing recommended use of geriatric tools in decision-making of treatment for
prostate cancer. (A) Use of geriatric screening tools and comprehensive geriatric assessment in status
quo. (B) Future perspective of direct use of geriatric screening tool to determine surgical tolerability.

Author Contributions: Y.Y. wrote the manuscript. S.T. and H.K. supervised the manuscript. All
authors have read and agreed to the published version of the manuscript.

Funding: Japan Society for the Promotion of Science (JSPS) (KAKENHI grant no. 20K18134).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Life Expectancy at Births (Years)–World Helath Organization. Available online: https://www.who.int/data/gho/data/

indicators/indicator-details/GHO/life-expectancy-at-birth-(years) (accessed on 10 September 2022).
2. Scosyrev, E.; Messing, E.M.; Mohile, S.; Golijanin, D.; Wu, G. Prostate cancer in the elderly: Frequency of advanced disease at

presentation and disease-specific mortality. Cancer 2012, 118, 3062–3070. [CrossRef] [PubMed]
3. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2020. CA Cancer J. Clin. 2020, 70, 7–30. [CrossRef] [PubMed]
4. NCCN Guidelines Version 4.2019 Prostate Cancer. Available online: https://www2.tri-kobe.org/nccn/guideline/urological/

english/prostate.pdf (accessed on 10 September 2022).
5. Mottet, N.; van den Bergh, R.C.N.; Briers, E.; Van den Broeck, T.; Cumberbatch, M.G.; De Santis, M.; Fanti, S.; Fossati, N.;

Gandaglia, G.; Gillessen, S.; et al. EAU-EANM-ESTRO-ESUR-SIOG Guidelines on prostate cancer-2020 update. Part 1: Screening,
diagnosis, and local treatment with curative Intent. Eur. Urol. 2021, 79, 243–262. [CrossRef]

6. Eastham, J.A.; Auffenberg, G.B.; Barocas, D.A.; Chou, R.; Crispino, T.; Davis, J.W.; Eggener, S.; Horwitz, E.M.; Kane, C.J.; Kirkby,
E.; et al. Clinically Localized Prostate Cancer: AUA/ASTRO Guideline, Part I: Introduction, Risk Assessment, Staging, and
Risk-Based Management. J. Urol. 2022, 208, 10–18. [CrossRef] [PubMed]

7. GHO|By Category|Life Tables by Country. Available online: https://apps.who.int/gho/data/view.main.60000?lang=en
(accessed on 4 September 2022).

8. Acturial Life Table–Social Security Administration. Available online: https://www.ssa.gov/OACT/STATS/table4c6.html
(accessed on 4 September 2022).

9. Narita, S.; Hatakeyama, S.; Sakamoto, S.; Kato, T.; Inokuchi, J.; Matsui, Y.; Kitamura, H.; Nishiyama, H.; Habuchi, T. Management
of prostate cancer in older patients. Jpn. J. Clin. Oncol. 2022, 52, 513–525. [CrossRef] [PubMed]

10. Singh, S.; Bajorek, B. Defining ‘elderly’ in clinical practice guidelines for pharmacotherapy. Pharm. Pract. 2014, 12, 489. [CrossRef]
11. OECD Ilibrary–Pensions at a Glance 2019: OECD and G20 Indicators. Available online: https://www.oecd-ilibrary.org/sites/99

acb105-en/index.html?itemId=/content/component/99acb105-en (accessed on 10 September 2022).
12. Elderly Population|Demography|OECD Ilibrary. Elderly Population (Indicator). 2022. Available online: https://www.oecd-

ilibrary.org/social-issues-migration-health/elderly-population/indicator/english_8d805ea1-en (accessed on 10 September 2022).
13. Ouchi, Y.; Rakugi, H.; Arai, H.; Akishita, M.; Ito, H.; Toba, K.; Kai, I.; Joint Committee of Japan Gerontological Society (JGLS) and

Japan Geriatrics Society (JGS) on the Definition and Classification of The Elderly. Redefining the elderly as aged 75 years and
older: Proposal from the Joint Committee of Japan Gerontological Society and the Japan Geriatrics Society. Geriatr. Gerontol. Int.
2017, 17, 1045–1047. [CrossRef]

https://www.who.int/data/gho/data/indicators/indicator-details/GHO/life-expectancy-at-birth-(years)
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/life-expectancy-at-birth-(years)
http://doi.org/10.1002/cncr.26392
http://www.ncbi.nlm.nih.gov/pubmed/22006014
http://doi.org/10.3322/caac.21590
http://www.ncbi.nlm.nih.gov/pubmed/31912902
https://www2.tri-kobe.org/nccn/guideline/urological/english/prostate.pdf
https://www2.tri-kobe.org/nccn/guideline/urological/english/prostate.pdf
http://doi.org/10.1016/j.eururo.2020.09.042
http://doi.org/10.1097/JU.0000000000002757
http://www.ncbi.nlm.nih.gov/pubmed/35536144
https://apps.who.int/gho/data/view.main.60000?lang=en
https://www.ssa.gov/OACT/STATS/table4c6.html
http://doi.org/10.1093/jjco/hyac016
http://www.ncbi.nlm.nih.gov/pubmed/35217872
http://doi.org/10.4321/S1886-36552014000400007
https://www.oecd-ilibrary.org/sites/99acb105-en/index.html?itemId=/content/component/99acb105-en
https://www.oecd-ilibrary.org/sites/99acb105-en/index.html?itemId=/content/component/99acb105-en
https://www.oecd-ilibrary.org/social-issues-migration-health/elderly-population/indicator/english_8d805ea1-en
https://www.oecd-ilibrary.org/social-issues-migration-health/elderly-population/indicator/english_8d805ea1-en
http://doi.org/10.1111/ggi.13118


Cancers 2022, 14, 5061 12 of 15

14. Boyle, H.J.; Alibhai, S.; Decoster, L.; Efstathiou, E.; Fizazi, K.; Mottet, N.; Oudard, S.; Payne, H.; Prentice, M.; Puts, M.; et al.
Updated recommendations of the International Society of Geriatric Oncology on prostate cancer management in older patients.
Eur. J. Cancer 2019, 116, 116–136. [CrossRef]

15. Labanaris, A.P.; Witt, J.H.; Zugor, V. Robotic-assisted radical prostatectomy in men ≥ 75 years of age. Surgical, oncological and
functional outcomes. Anticancer Res. 2012, 32, 2085–2089. [PubMed]

16. Yamada, Y.; Teshima, T.; Fujimura, T.; Sato, Y.; Nakamura, M.; Niimi, A.; Kimura, N.; Kakutani, S.; Kawai, T.; Yamada, D.;
et al. Comparison of perioperative outcomes in elderly (age = 75 years) vs. younger men undergoing robot-assisted radical
prostatectomy. PLoS ONE 2020, 15, e0234113. [CrossRef]

17. Togashi, K.; Hatakeyama, S.; Okamoto, T.; Kojima, Y.; Iwamura, H.; Fujita, N.; Narita, T.; Hamano, I.; Hamaya, T.; Yoneyama, T.;
et al. Oncologic and patient-reported outcomes after robot-assisted radical prostatectomy in men aged ≥ 75 years. Urol. Oncol.
2021, 39, 729.e17–729.e25. [CrossRef]

18. Ko, Y.H.; Park, S.W.; Ha, U.S.; Joung, J.Y.; Jeong, S.H.; Byun, S.S.; Jeon, S.S.; Kwak, C. A comparison of the survival outcomes of
robotic-assisted radical prostatectomy and radiation therapy in patients over 75 years old with non-metastatic prostate cancer: A
Korean multicenter study. Investig. Clin. Urol. 2021, 62, 535–544. [CrossRef] [PubMed]

19. Leyh-Bannurah, S.R.; Wagner, C.; Schuette, A.; Liakos, N.; Karagiotis, T.; Mendrek, M.; Rachubinski, P.; Oelke, M.; Tian, Z.; Witt,
J.H. Feasibility of robot-assisted radical prostatectomy in men at senior age ≥ 75 years: Perioperative, functional, and oncological
outcomes of a high-volume center. Aging Male 2022, 25, 8–16. [CrossRef] [PubMed]

20. Shahait, M.; Dobbs, R.W.; Kim, J.L.; Eldred, N.; Liang, K.; Huynh, L.M.; Ahlering, T.E.; Patel, V.; Lee, D.I. Perioperative and
functional outcomes of robot-assisted radical prostatectomy in octogenarian men. J. Endourol. 2021, 35, 1025–1029. [CrossRef]

21. Hamdy, F.C.; Donovan, J.L.; Lane, J.A.; Mason, M.; Metcalfe, C.; Holding, P.; Davis, M.; Peters, T.J.; Turner, E.L.; Martin, R.M.; et al.
10-year outcomes after monitoring, surgery, or radiotherapy for localized prostate cancer. N. Engl. J. Med. 2016, 375, 1415–1424.
[CrossRef] [PubMed]

22. Hamdy, F.C.; Donovan, J.L.; Lane, J.A.; Mason, M.; Metcalfe, C.; Holding, P.; Wade, J.; Noble, S.; Garfield, K.; Young, G.; et al.
Active monitoring, radical prostatectomy and radical radiotherapy in PSA-detected clinically localised prostate cancer: The
ProtecT three-arm RCT. Health Technol. Assess. 2020, 24, 1–176. [CrossRef]

23. Bill-Axelson, A.; Holmberg, L.; Garmo, H.; Taari, K.; Busch, C.; Nordling, S.; Häggman, M.; Andersson, S.O.; Andrén, O.; Steineck,
G.; et al. Radical Prostatectomy or watchful waiting in prostate cancer-29-year follow-up. N. Engl. J. Med. 2018, 379, 2319–2329.
[CrossRef]

24. Nepple, K.G.; Stephenson, A.J.; Kallogjeri, D.; Michalski, J.; Grubb, R.L., 3rd; Strope, S.A.; Haslag-Minoff, J.; Piccirillo, J.F.; Ciezki,
J.P.; Klein, E.A.; et al. Mortality after prostate cancer treatment with radical prostatectomy, external-beam radiation therapy, or
brachytherapy in men without comorbidity. Eur. Urol. 2013, 64, 372–378. [CrossRef]

25. Jin, K.; Qiu, S.; Li, J.; Zheng, X.; Tu, X.; Liao, X.; Yang, Y.; Yang, L.; Wei, Q. How to choose proper local treatment in men aged
≥ 75 years with cT2 localized prostate cancer? Cancer Med. 2019, 8, 3370–3378. [CrossRef]

26. Shahinian, V.B.; Kuo, Y.F.; Freeman, J.L.; Goodwin, J.S. Risk of fracture after androgen deprivation for prostate cancer. N. Engl. J.
Med. 2005, 352, 154–164. [CrossRef]

27. Keating, N.L.; O’Malley, A.J.; Freedland, S.J.; Smith, M.R. Diabetes and cardiovascular disease during androgen deprivation
therapy: Observational study of veterans with prostate cancer. J. Natl. Cancer Inst. 2010, 102, 39–46, Erratum in: J. Natl. Cancer
Inst. 2012, 104, 1518–1523. [CrossRef] [PubMed]

28. Crawley, D.; Garmo, H.; Rudman, S.; Stattin, P.; Häggström, C.; Zethelius, B.; Holmberg, L.; Adolfsson, J.; Van Hemelrijck, M.
Association between duration and type of androgen deprivation therapy and risk of diabetes in men with prostate cancer. Int. J.
Cancer 2016, 139, 2698–2704. [CrossRef] [PubMed]

29. Saigal, C.S.; Gore, J.L.; Krupski, T.L.; Hanley, J.; Schonlau, M.; Litwin, M.S. Urologic Diseases in America Project. Androgen
deprivation therapy increases cardiovascular morbidity in men with prostate cancer. Cancer 2007, 110, 1493–1500. [CrossRef]

30. Liang, Z.; Zhu, J.; Chen, L.; Xu, Y.; Yang, Y.; Hu, R.; Zhang, W.; Song, Y.; Lu, Y.; Ou, N.; et al. Is androgen deprivation therapy
for prostate cancer associated with cardiovascular disease? A meta-analysis and systematic review. Andrology 2020, 8, 559–574.
[CrossRef] [PubMed]

31. Nguyen, P.L.; Alibhai, S.M.; Basaria, S.; D’Amico, A.V.; Kantoff, P.W.; Keating, N.L.; Penson, D.F.; Rosario, D.J.; Tombal, B.; Smith,
M.R. Adverse effects of androgen deprivation therapy and strategies to mitigate them. Eur. Urol. 2015, 67, 825–836. [CrossRef]
[PubMed]

32. Bianchi, V.E. Impact of Testosterone on Alzheimer’s Disease. World J. Mens Health 2022, 40, 243–256. [CrossRef] [PubMed]
33. Gonzalez, B.D.; Jim, H.S.; Booth-Jones, M.; Small, B.J.; Sutton, S.K.; Lin, H.Y.; Park, J.Y.; Spiess, P.E.; Fishman, M.N.; Jacobsen,

P.B. Course and predictors of cognitive function in patients with prostate cancer receiving androgen-deprivation therapy: A
controlled comparison. J. Clin. Oncol. 2015, 33, 2021–2027. [CrossRef] [PubMed]

34. Nead, K.T.; Gaskin, G.; Chester, C.; Swisher-McClure, S.; Leeper, N.J.; Shah, N.H. Association between androgen deprivation
therapy and risk of dementia. JAMA Oncol. 2017, 3, 49–55. [CrossRef]

35. Smith, M.R.; Saad, F.; Egerdie, B.; Sieber, P.R.; Tammela, T.L.; Ke, C.; Leder, B.Z.; Goessl, C. Sarcopenia during androgen-
deprivation therapy for prostate cancer. J. Clin. Oncol. 2012, 30, 3271–3276. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ejca.2019.04.031
http://www.ncbi.nlm.nih.gov/pubmed/22593493
http://doi.org/10.1371/journal.pone.0234113
http://doi.org/10.1016/j.urolonc.2020.12.001
http://doi.org/10.4111/icu.20210079
http://www.ncbi.nlm.nih.gov/pubmed/34387037
http://doi.org/10.1080/13685538.2021.2018417
http://www.ncbi.nlm.nih.gov/pubmed/34957914
http://doi.org/10.1089/end.2020.0859
http://doi.org/10.1056/NEJMoa1606220
http://www.ncbi.nlm.nih.gov/pubmed/27626136
http://doi.org/10.3310/hta24370
http://doi.org/10.1056/NEJMoa1807801
http://doi.org/10.1016/j.eururo.2013.03.005
http://doi.org/10.1002/cam4.2221
http://doi.org/10.1056/NEJMoa041943
http://doi.org/10.1093/jnci/djp404
http://www.ncbi.nlm.nih.gov/pubmed/19996060
http://doi.org/10.1002/ijc.30403
http://www.ncbi.nlm.nih.gov/pubmed/27557616
http://doi.org/10.1002/cncr.22933
http://doi.org/10.1111/andr.12731
http://www.ncbi.nlm.nih.gov/pubmed/31743594
http://doi.org/10.1016/j.eururo.2014.07.010
http://www.ncbi.nlm.nih.gov/pubmed/25097095
http://doi.org/10.5534/wjmh.210175
http://www.ncbi.nlm.nih.gov/pubmed/35021306
http://doi.org/10.1200/JCO.2014.60.1963
http://www.ncbi.nlm.nih.gov/pubmed/25964245
http://doi.org/10.1001/jamaoncol.2016.3662
http://doi.org/10.1200/JCO.2011.38.8850
http://www.ncbi.nlm.nih.gov/pubmed/22649143


Cancers 2022, 14, 5061 13 of 15

36. Cheung, A.S.; Gray, H.; Schache, A.G.; Hoermann, R.; Lim Joon, D.; Zajac, J.D.; Pandy, M.G.; Grossmann, M. Androgen
deprivation causes selective deficits in the biomechanical leg muscle function of men during walking: A prospective case-control
study. J. Cachexia Sarcopenia Muscle 2017, 8, 102–112. [CrossRef] [PubMed]

37. Matta, R.; Chapple, C.R.; Fisch, M.; Heidenreich, A.; Herschorn, S.; Kodama, R.T.; Koontz, B.F.; Murphy, D.G.; Nguyen, P.L.; Nam,
R.K. Pelvic complications after prostate cancer radiation therapy and their management: An international collaborative narrative
review. Eur. Urol. 2019, 75, 464–476. [CrossRef] [PubMed]

38. Herschorn, S.; Elliott, S.; Coburn, M.; Wessells, H.; Zinman, L. SIU/ICUD Consultation on Urethral Strictures: Posterior urethral
stenosis after treatment of prostate cancer. Urology 2014, 83, S59–S70. [CrossRef] [PubMed]

39. Mathieu, R.; Arango, J.D.; Beckendorf, V.; Delobel, J.B.; Messai, T.; Chira, C.; Bossi, A.; Le Prisé, E.; Guerif, S.; Simon, J.M.; et al.
Nomograms to predict late urinary toxicity after prostate cancer radiotherapy. World J. Urol. 2014, 32, 743–751. [PubMed]

40. Bauersachs, R.M.; Herold, J. Oral Anticoagulation in the Elderly and Frail. Hamostaseologie 2020, 40, 74–83. [CrossRef] [PubMed]
41. Donovan, J.L.; Hamdy, F.C.; Lane, J.A.; Mason, M.; Metcalfe, C.; Walsh, E.; Blazeby, J.M.; Peters, T.J.; Holding, P.; Bonnington,

S.; et al. Patient-reported outcomes after monitoring, surgery, or radiotherapy for prostate cancer. N. Engl. J. Med. 2016, 375,
1425–1437. [CrossRef]

42. Hoffman, K.E.; Penson, D.F.; Zhao, Z.; Huang, L.C.; Conwill, R.; Laviana, A.A.; Joyce, D.D.; Luckenbaugh, A.N.; Goodman, M.;
Hamilton, A.S.; et al. Patient-reported outcomes through 5 years for active surveillance, surgery, brachytherapy, or external beam
radiation with or without androgen deprivation therapy for localized prostate cancer. JAMA 2020, 323, 149–163. [CrossRef]

43. Wu, S.Y.; Huy, L.D.; Liao, C.J.; Huang, C.C. Acute, subchronic, and chronic complications of radical prostatectomy versus
radiotherapy with hormone therapy in older adults with high-risk prostate adenocarcinoma. Front. Oncol. 2022, 12, 875036.
[CrossRef]

44. Nam, R.K.; Cheung, P.; Herschorn, S.; Saskin, R.; Su, J.; Klotz, L.H.; Chang, M.; Kulkarni, G.S.; Lee, Y.; Kodama, R.T.; et al.
Incidence of complications other than urinary incontinence or erectile dysfunction after radical prostatectomy or radiotherapy for
prostate cancer: A population-based cohort study. Lancet Oncol. 2014, 15, 223–231. [CrossRef]

45. Goldspink, D.F. Ageing and activity: Their effects on the functional reserve capacities of the heart and vascular smooth and
skeletal muscles. Ergonomics 2005, 48, 1334–1351. [CrossRef]

46. Frontera, W.R.; Suh, D.; Krivickas, L.S.; Hughes, V.A.; Goldstein, R.; Roubenoff, R. Skeletal muscle fiber quality in older men and
women. Am. J. Physiol. Cell Physiol. 2000, 279, C611–C618. [CrossRef]

47. Doherty, T.J.; Stashuk, D.W. Decomposition-based quantitative electromyography: Methods and initial normative data in five
muscles. Muscle Nerve 2003, 28, 204–211. [CrossRef]

48. Shin, M.J.; Jeon, Y.K.; Kim, I.J. Testosterone and Sarcopenia. World J. Mens Health 2018, 36, 192–198. [CrossRef] [PubMed]
49. Yamada, Y.; Takahashi, S.; Fujimura, T.; Nishimatsu, H.; Ishikawa, A.; Kume, H.; Tomita, K.; Takeuchi, T.; Kitamura, T. The effect

of combined androgen blockade on bone turnover and bone mineral density in men with prostate cancer. Osteoporos. Int. 2008, 19,
321–327. [CrossRef] [PubMed]

50. Zimmerman, B.; Rypma, B.; Gratton, G.; Fabiani, M. Age-related changes in cerebrovascular health and their effects on neural
function and cognition: A comprehensive review. Psychophysiology 2021, 58, e13796. [CrossRef]

51. Ethun, C.G.; Bilen, M.A.; Jani, A.B.; Maithel, S.K.; Ogan, K.; Master, V.A. Frailty and cancer: Implications for oncology surgery,
medical oncology, and radiation oncology. CA Cancer J. Clin. 2017, 67, 362–377. [CrossRef]

52. Clegg, A.; Young, J.; Iliffe, S.; Rikkert, M.O.; Rockwood, K. Frailty in elderly people. Lancet 2013, 381, 752–762, Erratum in: Lancet
2013, 382, 1328. [CrossRef]

53. Fried, L.P.; Tangen, C.M.; Walston, J.; Newman, A.B.; Hirsch, C.; Gottdiener, J.; Seeman, T.; Tracy, R.; Kop, W.J.; Burke, G.; et al.
Cardiovascular Health Study Collaborative Research Group. Frailty in older adults: Evidence for a phenotype. J. Gerontol. A. Biol.
Sci. Med. Sci. 2001, 56, M146–M156. [CrossRef]

54. Rockwood, K.; Song, X.; MacKnight, C.; Bergman, H.; Hogan, D.B.; McDowell, I.; Mitnitski, A. A global clinical measure of fitness
and frailty in elderly people. CMAJ 2005, 173, 489–495. [CrossRef] [PubMed]

55. Velanovich, V.; Antoine, H.; Swartz, A.; Peters, D.; Rubinfeld, I. Accumulating deficits model of frailty and postoperative mortality
and morbidity: Its application to a national database. J. Surg. Res. 2013, 183, 104–110. [CrossRef]

56. Subramaniam, S.; Aalberg, J.J.; Soriano, R.P.; Divino, C.M. The 5-factor modified Frailty Index in the geriatric surgical population.
Am. Surg. 2021, 87, 1420–1425. [CrossRef] [PubMed]

57. Kulminski, A.M.; Ukraintseva, S.V.; Kulminskaya, I.V.; Arbeev, K.G.; Land, K.; Yashin, A.I. Cumulative deficits better characterize
susceptibility to death in elderly people than phenotypic frailty: Lessons from the Cardiovascular Health Study. J. Am. Geriatr.
Soc. 2008, 56, 898–903. [CrossRef] [PubMed]

58. Cruz-Jentoft, A.J.; Kiesswetter, E.; Drey, M.; Sieber, C.C. Nutrition, frailty, and sarcopenia. Aging Clin. Exp. Res. 2017, 29, 43–48.
[CrossRef]

59. Droz, J.P.; Albrand, G.; Gillessen, S.; Hughes, S.; Mottet, N.; Oudard, S.; Payne, H.; Puts, M.; Zulian, G.; Balducci, L.; et al.
Management of prostate cancer in elderly patients: Recommendations of a Task Force of the International Society of Geriatric
Oncology. Eur. Urol. 2017, 72, 521–531. [CrossRef]

60. Molina-Garrido, M.J.; Guillén-Ponce, C. Use of geriatric assessment and screening tools of frailty in elderly patients with prostate
cancer. Review. Aging Male 2017, 20, 102–109. [CrossRef] [PubMed]

http://doi.org/10.1002/jcsm.12133
http://www.ncbi.nlm.nih.gov/pubmed/27897410
http://doi.org/10.1016/j.eururo.2018.12.003
http://www.ncbi.nlm.nih.gov/pubmed/30573316
http://doi.org/10.1016/j.urology.2013.08.036
http://www.ncbi.nlm.nih.gov/pubmed/24361008
http://www.ncbi.nlm.nih.gov/pubmed/23990073
http://doi.org/10.1055/s-0040-1701476
http://www.ncbi.nlm.nih.gov/pubmed/32000266
http://doi.org/10.1056/NEJMoa1606221
http://doi.org/10.1001/jama.2019.20675
http://doi.org/10.3389/fonc.2022.875036
http://doi.org/10.1016/S1470-2045(13)70606-5
http://doi.org/10.1080/00140130500101247
http://doi.org/10.1152/ajpcell.2000.279.3.C611
http://doi.org/10.1002/mus.10427
http://doi.org/10.5534/wjmh.180001
http://www.ncbi.nlm.nih.gov/pubmed/29756416
http://doi.org/10.1007/s00198-007-0472-3
http://www.ncbi.nlm.nih.gov/pubmed/17906826
http://doi.org/10.1111/psyp.13796
http://doi.org/10.3322/caac.21406
http://doi.org/10.1016/S0140-6736(12)62167-9
http://doi.org/10.1093/gerona/56.3.M146
http://doi.org/10.1503/cmaj.050051
http://www.ncbi.nlm.nih.gov/pubmed/16129869
http://doi.org/10.1016/j.jss.2013.01.021
http://doi.org/10.1177/0003134820952438
http://www.ncbi.nlm.nih.gov/pubmed/33377791
http://doi.org/10.1111/j.1532-5415.2008.01656.x
http://www.ncbi.nlm.nih.gov/pubmed/18363679
http://doi.org/10.1007/s40520-016-0709-0
http://doi.org/10.1016/j.eururo.2016.12.025
http://doi.org/10.1080/13685538.2016.1277516
http://www.ncbi.nlm.nih.gov/pubmed/28084133


Cancers 2022, 14, 5061 14 of 15

61. Wildiers, H.; Heeren, P.; Puts, M.; Topinkova, E.; Janssen-Heijnen, M.L.; Extermann, M.; Falandry, C.; Artz, A.; Brain, E.; Colloca,
G.; et al. International Society of Geriatric Oncology consensus on geriatric assessment in older patients with cancer. J. Clin. Oncol.
2014, 32, 2595–2603. [CrossRef] [PubMed]

62. Extermann, M.; Aapro, M.; Bernabei, R.; Cohen, H.J.; Droz, J.P.; Lichtman, S.; Mor, V.; Monfardini, S.; Repetto, L.; Sørbye, L.;
et al. Use of comprehensive geriatric assessment in older cancer patients: Recommendations from the task force on CGA of the
International Society of Geriatric Oncology (SIOG). Crit. Rev. Oncol. Hematol. 2005, 55, 241–252. [CrossRef]

63. Ellis, G.; Whitehead, M.A.; Robinson, D.; O’Neill, D.; Langhorne, P. Comprehensive geriatric assessment for older adults admitted
to hospital: Meta-analysis of randomised controlled trials. BMJ 2011, 343, d6553. [CrossRef]

64. Saliba, D.; Elliott, M.; Rubenstein, L.Z.; Solomon, D.H.; Young, R.T.; Kamberg, C.J.; Roth, C.; MacLean, C.H.; Shekelle, P.G.; Sloss,
E.M.; et al. The Vulnerable Elders Survey: A tool for identifying vulnerable older people in the community. J. Am. Geriatr. Soc.
2001, 49, 1691–1699. [CrossRef] [PubMed]

65. Bellera, C.A.; Rainfray, M.; Mathoulin-Pélissier, S.; Mertens, C.; Delva, F.; Fonck, M.; Soubeyran, P.L. Screening older cancer
patients: First evaluation of the G-8 geriatric screening tool. Ann. Oncol. 2012, 23, 2166–2172. [CrossRef]

66. Hamaker, M.E.; Jonker, J.M.; de Rooij, S.E.; Vos, A.G.; Smorenburg, C.H.; van Munster, B.C. Frailty screening methods for
predicting outcome of a comprehensive geriatric assessment in elderly patients with cancer: A systematic review. Lancet Oncol.
2012, 13, e437–e444. [CrossRef]

67. Mohile, S.G.; Bylow, K.; Dale, W.; Dignam, J.; Martin, K.; Petrylak, D.P.; Stadler, W.M.; Rodin, M. A pilot study of the vulnerable
elders survey-13 compared with the comprehensive geriatric assessment for identifying disability in older patients with prostate
cancer who receive androgen ablation. Cancer 2007, 109, 802–810. [CrossRef]

68. Soubeyran, P.; Bellera, C.; Goyard, J.; Heitz, D.; Curé, H.; Rousselot, H.; Albrand, G.; Servent, V.; Jean, O.S.; van Praagh, I.; et al.
Screening for vulnerability in older cancer patients: The ONCODAGE Prospective Multicenter Cohort Study. PLoS ONE 2014,
9, e115060. [CrossRef]

69. Jespersen, E.; Winther, S.B.; Minet, L.R.; Möller, S.; Pfeiffer, P. Frailty screening for predicting rapid functional decline, rapid
progressive disease, and shorter overall survival in older patients with gastrointestinal cancer receiving palliative chemotherapy-A
prospective, clinical study. J. Geriatr. Oncol. 2021, 12, 578–584. [CrossRef] [PubMed]

70. Ramsdale, E.; Polite, B.; Hemmerich, J.; Bylow, K.; Kindler, H.L.; Mohile, S.; Dale, W. The Vulnerable Elders Survey-13 predicts
mortality in older adults with later-stage colorectal cancer receiving chemotherapy: A prospective pilot study. J. Am. Geriatr. Soc.
2013, 61, 2043–2044. [CrossRef]

71. Lowenstein, L.M.; Mohile, S.G.; Gil, H.H.; Pandya, C.; Hemmerich, J.; Rodin, M.; Dale, W. Which better predicts mortality among
older men, a prostate cancer (PCa) diagnosis or vulnerability on the Vulnerable Elders Survey (VES-13)? A retrospective cohort
study. J. Geriatr. Oncol. 2016, 7, 437–443. [CrossRef] [PubMed]

72. Nishijima, T.F.; Esaki, T.; Morita, M.; Toh, Y. Preoperative frailty assessment with the Robinson Frailty Score, Edmonton Frail
Scale, and G8 and adverse postoperative outcomes in older surgical patients with cancer. Eur. J. Surg. Oncol. 2021, 47, 896–901.
[CrossRef] [PubMed]

73. Yajima, S.; Nakanishi, Y.; Yasujima, R.; Hirose, K.; Sekiya, K.; Umino, Y.; Ookubo, N.; Kataoka, M.; Masuda, H. Predictive value of
the G8 and the IADL-modified G8 screening tools for postoperative delirium following major urological cancer surgery. J. Geriatr.
Oncol. 2022, in press. [CrossRef]

74. Oiwa, K.; Fujita, K.; Lee, S.; Morishita, T.; Tsukasaki, H.; Negoro, E.; Ueda, T.; Yamauchi, T. Utility of the Geriatric 8 for the
prediction of therapy-related toxicity in older adults with diffuse large B-cell lymphoma. Oncologist 2021, 26, 215–223. [CrossRef]
[PubMed]

75. Ishii, R.; Ogawa, T.; Ohkoshi, A.; Nakanome, A.; Takahashi, M.; Katori, Y. Use of the Geriatric-8 screening tool to predict prognosis
and complications in older adults with head and neck cancer: A prospective, observational study. J. Geriatr. Oncol. 2021, 12,
1039–1043. [CrossRef] [PubMed]

76. Liuu, E.; Canouï-Poitrine, F.; Tournigand, C.; Laurent, M.; Caillet, P.; Le Thuaut, A.; Vincent, H.; Culine, S.; Audureau, E.;
Bastuji-Garin, S.; et al. Accuracy of the G-8 geriatric-oncology screening tool for identifying vulnerable elderly patients with
cancer according to tumour site: The ELCAPA-02 study. J. Geriatr. Oncol. 2014, 5, 11–19. [CrossRef] [PubMed]

77. Levy, I.; Finkelstein, M.; Bilal, K.H.; Palese, M. Modified frailty index associated with Clavien-Dindo IV complications in
robot-assisted radical prostatectomies: A retrospective study. Urol. Oncol. 2017, 35, 425–431. [CrossRef] [PubMed]

78. Rosiello, G.; Palumbo, C.; Knipper, S.; Deuker, M.; Stolzenbach, L.F.; Tian, Z.; Gandaglia, G.; Fossati, N.; Montorsi, F.; Shariat, S.F.;
et al. Preoperative frailty predicts adverse short-term postoperative outcomes in patients treated with radical prostatectomy.
Prostate Cancer Prost. Dis. 2020, 23, 573–580. [CrossRef] [PubMed]

79. Momota, M.; Hatakeyama, S.; Soma, O.; Tanaka, T.; Hamano, I.; Fujita, N.; Okamoto, T.; Yoneyama, T.; Yamamoto, H.; Imai, A.;
et al. Geriatric 8 screening of frailty in patients with prostate cancer. Int. J. Urol. 2020, 27, 642–648. [CrossRef] [PubMed]

80. Shahait, M.; Labban, M.; Dobbs, R.W.; Cheaib, J.G.; Lee, D.I.; Tamim, H.; El-Hajj, A. A 5-Item Frailty Index for Predicting
Morbidity and Mortality After Radical Prostatectomy: An analysis of the American College of Surgeons National Surgical Quality
Improvement Program Database. J. Endourol. 2021, 35, 483–489. [CrossRef] [PubMed]

81. Togashi, K.; Hatakeyama, S.; Kojima, Y.; Momota, M.; Narita, T.; Iwamura, H.; Hamano, I.; Hamaya, T.; Fujita, N.; Okamoto, T.;
et al. The effect of frailty on the quality of life and lower urinary symptoms following robot-assisted radical prostatectomy: A
longitudinal analysis (FRARP-QL Study). Urol. Oncol. 2021, 39, 192.e7–192.e14. [CrossRef]

http://doi.org/10.1200/JCO.2013.54.8347
http://www.ncbi.nlm.nih.gov/pubmed/25071125
http://doi.org/10.1016/j.critrevonc.2005.06.003
http://doi.org/10.1136/bmj.d6553
http://doi.org/10.1046/j.1532-5415.2001.49281.x
http://www.ncbi.nlm.nih.gov/pubmed/11844005
http://doi.org/10.1093/annonc/mdr587
http://doi.org/10.1016/S1470-2045(12)70259-0
http://doi.org/10.1002/cncr.22495
http://doi.org/10.1371/journal.pone.0115060
http://doi.org/10.1016/j.jgo.2020.10.007
http://www.ncbi.nlm.nih.gov/pubmed/33830020
http://doi.org/10.1111/jgs.12536
http://doi.org/10.1016/j.jgo.2016.07.011
http://www.ncbi.nlm.nih.gov/pubmed/27480793
http://doi.org/10.1016/j.ejso.2020.09.031
http://www.ncbi.nlm.nih.gov/pubmed/33036830
http://doi.org/10.1016/j.jgo.2022.08.014
http://doi.org/10.1002/onco.13641
http://www.ncbi.nlm.nih.gov/pubmed/33320984
http://doi.org/10.1016/j.jgo.2021.03.008
http://www.ncbi.nlm.nih.gov/pubmed/33757718
http://doi.org/10.1016/j.jgo.2013.08.003
http://www.ncbi.nlm.nih.gov/pubmed/24484713
http://doi.org/10.1016/j.urolonc.2017.01.005
http://www.ncbi.nlm.nih.gov/pubmed/28190748
http://doi.org/10.1038/s41391-020-0225-3
http://www.ncbi.nlm.nih.gov/pubmed/32203071
http://doi.org/10.1111/iju.14256
http://www.ncbi.nlm.nih.gov/pubmed/32500621
http://doi.org/10.1089/end.2020.0597
http://www.ncbi.nlm.nih.gov/pubmed/32935596
http://doi.org/10.1016/j.urolonc.2020.08.010


Cancers 2022, 14, 5061 15 of 15

82. Kodama, H.; Hatakeyama, S.; Momota, M.; Togashi, K.; Hamaya, T.; Hamano, I.; Fujita, N.; Kojima, Y.; Okamoto, T.; Yoneyama, T.;
et al. Effect of frailty and comorbidity on surgical contraindication in patients with localized prostate cancer (FRART-PC Study).
Urol. Oncol. 2021, 39, 191.e1–191.e8. [CrossRef]

83. Puts, M.T.; Hardt, J.; Monette, J.; Girre, V.; Springall, E.; Alibhai, S.M. Use of geriatric assessment for older adults in the oncology
setting: A systematic review. J. Natl. Cancer Inst. 2012, 104, 1133–1163. [CrossRef]

84. Mazur, D.J.; Hickam, D.H. Patient preferences for management of localized prostate cancer. West J. Med. 1996, 165, 26–30.
85. Lamers, R.E.; Cuypers, M.; de Vries, M.; van de Poll-Franse, L.V.; Ruud Bosch, J.L.; Kil, P.J. How do patients choose between active

surveillance, radical prostatectomy, and radiotherapy? The effect of a preference-sensitive decision aid on treatment decision
making for localized prostate cancer. Urol. Oncol. 2017, 35, 37.e9–37.e17. [CrossRef]

86. Broughman, J.R.; Basak, R.; Nielsen, M.E.; Reeve, B.B.; Usinger, D.S.; Spearman, K.C.; Godley, P.A.; Chen, R.C. Prostate cancer
patient characteristics associated with a strong preference to preserve sexual function and receipt of active surveillance. J. Natl.
Cancer Inst. 2018, 110, 420–425. [CrossRef]

87. Paudel, R.; Ferrante, S.; Qi, J.; Dunn, R.L.; Berry, D.L.; Semerjian, A.; Brede, C.M.; George, A.K.; Lane, B.R.; Ginsburg, K.B.;
et al. Patient preferences and treatment decisions for prostate cancer: Results from a Statewide Urological Quality Improvement
Collaborative. Urology 2021, 155, 55–61. [CrossRef] [PubMed]

88. Davison, B.J.; Goldenberg, S.L. Patient acceptance of active surveillance as a treatment option for low-risk prostate cancer. BJU
Int. 2011, 108, 1787–1793. [CrossRef] [PubMed]

89. Lamers, R.E.D.; Cuypers, M.; de Vries, M.; van de Poll-Franse, L.V.; Bosch, J.L.H.R.; Kil, P.J.M. Differences in treatment choices
between prostate cancer patients using a decision aid and patients receiving care as usual: Results from a randomized controlled
trial. World J. Urol. 2021, 39, 4327–4333. [CrossRef] [PubMed]

90. Srirangam, S.J.; Pearson, E.; Grose, C.; Brown, S.C.; Collins, G.N.; O’Reilly, P.H. Partner’s influence on patient preference for
treatment in early prostate cancer. BJU Int. 2003, 92, 365–369. [CrossRef]

91. Showalter, T.N.; Mishra, M.V.; Bridges, J.F. Factors that influence patient preferences for prostate cancer management options: A
systematic review. Patient Prefer. Adherence 2015, 9, 899–911. [CrossRef]

92. Sugihara, T.; Yasunaga, H.; Matsui, H.; Nagao, G.; Ishikawa, A.; Fujimura, T.; Fukuhara, H.; Fushimi, K.; Ohori, M.; Homma, Y.
Accessibility to surgical robot technology and prostate-cancer patient behavior for prostatectomy. Jpn. J. Clin. Oncol. 2017, 47,
647–651. [CrossRef]

93. Muralidhar, V.; Rose, B.S.; Chen, Y.W.; Nezolosky, M.D.; Nguyen, P.L. Association between travel distance and choice of treatment
for prostate cancer: Does geography reduce patient choice? Int. J. Radiat. Oncol. Biol. Phys. 2016, 96, 313–317. [CrossRef]

http://doi.org/10.1016/j.urolonc.2020.06.019
http://doi.org/10.1093/jnci/djs285
http://doi.org/10.1016/j.urolonc.2016.09.007
http://doi.org/10.1093/jnci/djx218
http://doi.org/10.1016/j.urology.2021.04.020
http://www.ncbi.nlm.nih.gov/pubmed/33933504
http://doi.org/10.1111/j.1464-410X.2011.10200.x
http://www.ncbi.nlm.nih.gov/pubmed/21507187
http://doi.org/10.1007/s00345-021-03782-7
http://www.ncbi.nlm.nih.gov/pubmed/34272972
http://doi.org/10.1046/j.1464-410X.2003.04355.x
http://doi.org/10.2147/PPA.S83333
http://doi.org/10.1093/jjco/hyx052
http://doi.org/10.1016/j.ijrobp.2016.05.022

	Introduction 
	Surgical Tolerability in ‘Elderly’ Patients 
	The Definition of ‘Elderly’ 
	Evidence on the Feasibility of RARP in Elderly Men Aged 75 Years 
	Comparison of Treatment Options in Elderly Men 
	Cancer Control 
	Complications after Treatment in Elderly Men with PCa 


	Frailty and Surgical Tolerability 
	Age-Related Changes 
	The Definition and Models of ‘Frailty’ 
	Evaluation of Frailty: Comprehensive Geriatric Assessment and Screening Tools 
	Association between ‘Frailty’ and Complication Rates in RARP Patients 

	Patient Preference 
	Present Recommendation of Treatment in Elderly Patients with PCa and Future Perspectives 
	References

