
The use of radical prostatectomy to treat 
prostate cancer began in 1905, when Hugh 
Hampton Young published the first major 
description of the procedure, via a perineal 
approach, in Annals of Surgery1,2 (Fig. 1). 
Young’s technique was popular for the 
first half of the 20th century, until 1948, 
when Millin refined and popularized the 
operation using an abdominal incision from 
umbilicus to pubis into the extraperitoneal 

rectal fistulae, and which reported that 10% 
of patients died in hospital after undergoing 
Young’s operation4,5.

The Millin retropubic approach was 
further vastly improved and popularized 
by Walsh in the 1980s6. However, up until 
1984, use of the Millin retropubic technique 
was usually associated with severe blood 
loss from the dorsal venous complex, 
which was cut but not tied, as the technique 
of ligation had not yet been universally 
adopted. Instead, a balloon catheter was 
used to tamponade the vein and this was 
left in traction for 2–3 days. This traction 
also compressed or crushed the skeletal 
muscle of the striated sphincter, causing 
ischaemia of the sphincter and increased 
risk of postoperative urinary incontinence7. 
A technique of pubic bone resection was 
described in 1987 in an attempt to improve 
access to the urethra for the anastomosis 
between bladder neck and urethra 
after prostatic removal8. However, this 
modification was abandoned after Walsh 
described his technique of haemostasis and 
surgeons slowly adopted this manoeuvre 
instead. Pubic bone resection did not help 
to reduce bleeding or improve the ability to 
perform a watertight anastomosis and also 
caused a postoperative disturbance in gait.

The inability to control bleeding, the 
ignorance of neuroanatomy of erection 
(which was first described in 1979 (reF.7)), 
the use of sharp dissection around the 
urethral sphincter and the difficulty in 
visualizing the vesicourethral anastomosis 
for suture placement all contributed to a 
high degree of postoperative complications. 
In some cases during retropubic 
prostatectomy, the bladder neck could 
not be approximated to the urethra for 
an anastomosis. Whilst undertaking a 
Fellowship at MD Anderson, I was taught 
under these circumstances to place what 
were called ‘vest sutures’, which ran from 
the bladder neck and were passed through 
to the skin of the perineum to anchor the 
bladder neck over the urethra. A balloon 
catheter on traction was used to reinforce 
the suture traction9. In particular, the lack 
of anatomical insight regarding the 
neurovascular bundle meant that, before 
1984, almost all men (84%) undergoing 
radical retropubic prostatectomy suffered 
from postoperative erectile dysfunction (ED)  

space. Eventually, the retropubic approach, 
which made the operation considerably 
safer, was developed by Walsh3. As Young’s 
perineal approach was used in an era 
before antibiotics, balloon catheters and 
blood transfusion, it was associated with 
complications including infection, blood loss 
and urinary extravasation, as described in 
the 1938 edition of Bailey and Love, which 
quoted severe operative morbidity, including 
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Abstract | The practice of radical prostatectomy for treating prostate cancer has 
evolved remarkably since its general introduction around 1900. Initially described 
using a perineal approach, the procedure was later popularized using a retropubic 
one, after it was first described as such in 1948. The open surgical method has now 
largely been abandoned in favour of the minimally invasive robot- assisted method, 
which was first described in 2000. Until 1980, the procedure was hazardous, often 
accompanied by massive blood loss and poor outcomes. For patients in whom 
surgery is indicated, prostatectomy is increasingly being used as the first step in a 
multitherapeutic approach in advanced local, and even early metastatic, disease. 
However, contemporary molecular insights have enabled many men to safely avoid 
surgical intervention when the disease is phenotypically indolent and use of active 
surveillance programmes continues to expand worldwide. In 2020, surgery is not 
recommended in those men with low- grade, low- volume Gleason 6 prostate 
cancer ; previously these men — a large cohort of ~40% of men with newly 
diagnosed prostate cancer — were offered surgery in large numbers, with little 
clinical benefit and considerable adverse effects. Radical prostatectomy is 
appropriate for men with intermediate- risk and high- risk disease (Gleason  
score 7–9 or Grade Groups 2–5) in whom radical prostatectomy prevents further 
metastatic seeding of potentially lethal clones of prostate cancer cells. Small series 
have suggested that it might be appropriate to offer radical prostatectomy to  
men presenting with small metastatic burden (nodal and or bone) as part of a 
multimodal therapeutic approach. Furthermore, surgical treatment of prostate 
cancer has been reported in cohorts of octogenarian men in good health with 
minimal comorbidities, when 20 years ago such men were rarely treated surgically 
even when diagnosed with localized high- risk disease. As medical therapies for 
prostate cancer continue to increase, the use of surgery might seem to be less 
relevant; however, the changing demographics of prostate cancer means that radical 
prostatectomy remains an important and useful option in many men, with a changing 
indication.

  volume 17 | march 2020 | 177

PERSPECTIVES

NaTure revIewS | URoLogy

http://crossmark.crossref.org/dialog/?doi=10.1038/s41585-020-0287-y&domain=pdf


as the nerves were simply cut because 
their location and importance were 
unknown10. Poor visualization during 
suture placement for the vesicourethral 
anastomosis often resulted in postoperative 
urinary extravasation, which led to scarring 
around the anastomosis and resulted in 
many men requiring bladder neck incision 
at the site of vesicourethral stenosis after 
this retropubic operative approach11,12. 
Overall, until the mid-1980s, the operation 
was extremely hazardous for the patient. 
Morbidity was high and quality- of- life 
outcomes were poor13, as could be expected 
after a procedure that resulted in severe 
incontinence, an ED rate of 84%10 and 
considerable blood loss owing to the 
inability to control bleeding from the dorsal 
venous complex.

Advances in diagnosis and treatment 
of prostate cancer can be illustrated by 
contrasting the fate of a man who presented 
with prostate cancer in 1924, as described 
by Young1, with that of a man who presents 
with prostate cancer in 2020. A man with 
prostate cancer in 1924 would normally have 
presented with urinary obstruction, prostatic 
bleeding and, almost certainly, painful 
backache as a result of bone metastases.  
A diagnosis of prostate cancer was made 
by rectal examination alone. In the unlikely 
event of treatment being offered, it was 
either perineal prostatectomy, which was 
associated with a 50% cancer mortality after 
5 years, or radium insertion via the urethra 
or rectum, which was associated with a 
75% mortality 2 years after insertion14,15. 
No hormonal therapy option was available; 

pain relief was with opioid medication for 
bone pain; and urinary obstruction would 
have been treated by some form of catheter 
drainage4. Interestingly, Young’s 1945 review 
of 179 men presenting with prostate cancer 
shows that very few patients were suitable 
for any form of surgical excision5 and, even 
when the prostate was excised, the morbidity 
of this operation was considerable15.

This view was maintained even as late 
as 1978, when Professor John Blandy, in his 
Operative Urology textbook16, described the 
limited indications for radical prostatectomy 
at the time. Although the procedure was 
popular in the USA, Blandy felt that surgery 
was rarely helpful.

By contrast, a man presenting with 
prostate cancer nowadays will usually have 
been diagnosed using a serum PSA test17. 
This type of diagnosis provides a 7–9- year 
lead time before metastasis occurs17.  
If surgery is offered, it is usually a robotic 
procedure performed as a day case18. 
Alternatively, a full course of potentially 
curative external beam radiotherapy 
can be offered. Should metastasis occur, 
sequenced combinations of hormone 
therapy, chemotherapy, targeted androgen 
receptor blockers, immunotherapeutic drugs 
or prostate- specific membrane antigen 
(PSMA)- guided theranostic radioactive 
nucleotide therapies are all treatment 
options in 2020 (reF.19).

The inception of radical prostatectomy
Hugh Hampton Young was a trainee of 
William Halsted — a pioneer of modern 
surgery — at Johns Hopkins in Baltimore. 
Young devised the perineal prostatectomy 
technique, publishing the results of his 
operation in 1905 (reF.1). He later reviewed 
all his own perineal prostatectomy operative 
outcomes in 1945 (reF.5). In Bailey and 
Love’s textbook of surgery in 1938 (reF.4), 
the prognosis for men with prostate cancer 
was described as being very poor; radium 
had been tried without much success and 
with considerable morbidity, and recurrence 
within 2 years was common in those who 
survived prostatectomy. In a subsequent 
edition of the same textbook in 1968, 
radical cure by surgery was described as 
playing very little part in the management of 
prostate cancer20.

This lack of enthusiasm continued 
until the 1980s, until Walsh described his 
anatomical insights, which coincided with 
the advent of PSA testing2. PSA testing 
resulted in earlier diagnosis of prostate 
cancer, 7–9 years before symptoms of 
metastatic disease manifested21. Thus, these 
advances meant that safe surgery could be 

Millin refines the procedure 
using a retropubic approach

Klotz describes use of active 
surveillance for low-risk 
prostate cancer

PIVOT reports no difference 
between watchful waiting and 
surgery for low-risk prostate cancer

Indications for radical prostatectomy 
have evolved from use on men with 
low-risk disease to high-risk, occult 
metastatic and defined metastatic 
disease

MacNeal describes zonal anatomy 
of the prostate and reports that 
the transitional zone is the most 
common site of prostate cancer

First laparoscopic 
prostatectomy described

Bailey and Love quote a severe 
operative morbidity including rectal 
fistulae, and a 10% mortality

Reiner and Walsh describe anatomical 
approach to the surgical management 
of the dorsal vein complex, which 
reduces intraoperative blood loss

Hugh Hampton Young describes 
the first open prostatectomy 
using a perineal approach

Young reports his own 
operative outcomes

Clinical use of PSA described 
and PSA screening adopted 
in the USA

Randomized controlled trial of open 
versus robotic prostatectomy finally 
published by an Australian group

Pubic bone resection technique 
for improved access reported 
(ultimately abandoned)

“Veil of Aphrodite” technique suggested 
to modify robotic prostatectomy 
(ultimately abandoned)

Blandy describes the limited 
indications for radical prostatectomy, 
opining that it is “rarely helpful”

Neuroanatomy of erection described
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Fig. 1 | Landmarks in prostatectomy. Since Hugh Hampton Young reported the first open radical 
prostatectomy in 1904, the technique has been frequently modified. Particular changes came in the 
1980s, when Walsh described the nerve- sparing technique, which considerably improved outcomes, 
and in 2000, when robotic radical prostatectomy was introduced. PIVOT, Prostate Cancer Intervention 
Versus Observation Trial; USPSTF, United States Preventive Services Task Force.
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performed early in the disease course, before 
it became incurable.

The Walsh contribution
In the 1980s, Patrick Walsh made a 
contribution that dramatically improved the 
safety and quality- of- life outcomes of radical 
prostatectomy10. His insights into surgical 
technique and anatomical understanding 
during the 1980s enabled the development of 
a surgical approach that both reduced blood 
loss and preserved the erectile nerves.

Walsh is best known for his discovery 
of the neurovascular bundle — before this 
report, the cavernous nerves were thought to 
actually travel through the prostate, meaning 
that they would necessarily be removed 
during the prostatectomy10. However, 
the recognition that the neurovascular 
bundle ran in a groove between the rectum 
and prostate and that, as such, it could 
be preserved meant that nerve- sparing 
prostatectomy with the possibility of erectile 
recovery became widely available10.

In 1979, Walsh had described formal  
haemostatic control in radical prostatectomy6, 
suggesting ligation of the dorsal venous 
drainage from the penis as a first step in the 
operation, although his contributions in 
this field are less well known. Ligation of the 
dorsal vein provided excellent haemostatic 
control compared with Millin’s previous 
version of the procedure, which had been 
associated with considerable blood loss. 
Before this report, the surgeon simply cut 
the dorsal vein, which often caused severe 
attendant haemorrhage7. A number of other 
intriguing techniques had previously been 
employed in an attempt to control this dorsal 
venous bleeding, including excision of the 
anterior pubic bone to improve access to  
the prostatic apex to gain better access  

to the prostatourethral junction, which 
caused substantial postoperative pain and 
gait disturbance8.

The two surgical improvements described  
by Walsh improved the safety of the operation  
and enabled potency preservation, improving 
functional outcomes6.

A window of opportunity
The clinical utility of PSA as a biomarker for 
early prostate cancer was first recognized in 
1989 by Catalona22,23. Before these insights, 
the disease was often diagnosed at a late stage 
when the cancer caused voiding symptoms 
or haematuria or had metastasized to bone, 
causing bone pain. The introduction of serum  
PSA testing in the late 1980s meant that 
prostate cancer could be diagnosed nearly  
10 years earlier than previously21. Thus, 
instead of operating on a man with advanced 
disease, often with occult metastases, surgeons 
could now offer safe surgery much earlier in 
the course of the disease.

Serendipitously, the arrival of the 
testing of serum PSA as a prostate cancer 
biomarker in the late 1980s22 coincided 
with the advent of transrectal ultrasound 
(TRUS)- guided imaging of the prostate 
to aid the biopsy procedure24. Before 
the use of TRUS- guided imaging of the 
prostate, biopsy was performed blindly, 
using either a true cut needle or Franzen 
needle cytological aspiration, guided 
transrectally with the clinician’s index finger. 
These blind finger- guided biopsies were 
notoriously inaccurate24. Improvements in 
understanding the zonal anatomy of the 
prostate25 (Fig. 2) were provided by McNeal26 
who, in 1988, described the peripheral  
zone as the most common site of early 
prostate cancer and the transition zone  
as a site of benign prostatic hyperplasia. 

These anatomical and histopathological 
insights combined with TRUS- guided 
imaging enabled improvements in the 
accuracy of targeted sextant 12- core biopsy.

A rapid evolution
The technology change from open to 
minimally invasive laparoscopic surgery and 
then to robot- assisted surgery throughout 
the 1990s and early 2000s meant that many 
more men could be offered a procedure with 
reduced associated morbidity to manage 
their prostate cancer.

Evolution of the surgical approach
After functional outcomes, particularly 
potency, of retropubic radical prostatectomy 
were improved by Walsh, the nerve- sparing 
retropubic open operation became the 
standard surgical procedure for prostate 
cancer for over a decade.

The advent of laparoscopy. The 1990s 
heralded the introduction of a minimally 
invasive surgical approach using laparoscopy. 
By this time, laparoscopy had been in 
use for diagnostics in gynaecology for 
many years. Laparoscopy was introduced 
into gynaecology in 1970, primarily as a 
diagnostic tool and also for tubal ligation27. 
In the early 1990s, general surgeons adopted 
laparoscopy to perform cholecystectomy28. 
Urologists began to perform laparoscopic 
lymph node dissection (LND) for diagnosis 
in bladder and prostate cancer. Initially, 
laparoscopy was used in urology for 
diagnosis, for LND in prostate cancer and 
as a staging modality in bladder cancer29; 
the first laparoscopic prostatectomy was 
described in 2000 (reF.30). This procedure was 
extremely difficult to perform and required 
great skill, as laparoscopy is performed 
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Fig. 2 | Zonal anatomy of the prostate. The anatomy of the prostate in the prone position (part a) and the upright position (part b). Zonal anatomy of the 
prostate was originally described by McNeal et al.26 in 1988, who observed that the peripheral zone was the most common site of early prostate cancer 
and the transition zone a site of benign prostatic hyperplasia. Adapted from reF.113, Springer Nature Limited.
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via a 2D onscreen view and necessitated 
counterintuitive hand movements compared 
with open surgery30. Surgeons performing 
laparoscopic radical prostatectomy found 
that they could not match the continence 
outcomes obtained by surgeons using the 
open retropubic prostatectomy method31,32. 
At the time of this report, the continence 
outcomes in this series comparing open 
and laparoscopic prostatectomy were not 
equivalent laparoscopically to open surgery32.

The rise of robotic surgery. In 1998, the 
Intuitive Surgical Company developed a 
prototype robotic machine, which used a 3D 
camera to provide the surgeon with a ×10 
magnified view, with 3D depth perception 
and required intuitive hand movements 
equivalent to the human wrist33. Using  
the robot, the surgeon sat remote from the  
patient at a console and inserted their 
hands into telestration ports, which in 
turn digitized their hand movements and 
reproduced them exactly inside the patient’s 
body at the tip of the surgical instruments. 
The robot enabled the surgeon to reconstruct 
tissues using sutures, as suturing became 
much easier using this enhanced view than  
it had been using standard laparoscopy33.

Menon was one of the earliest to report 
the robotic prostatectomy technique, and he 
listed the steps of the operation, popularized 
it and, in 2004, produced the first large 
series to describe the technique for the 
application of robotic technology to remove 
the prostate34. This paper and other reports 
heralded the introduction of digitized, 
computerized surgery35,36.

With the arrival of robot- assisted radical 
prostatectomy (RARP), the change in the 
way in which prostate cancer was surgically 
treated was profound. In 1980, a patient 
undergoing prostatectomy could expect a 
3- week hospital stay, massive blood loss37, 
almost certain ED owing to complete 
dissection of the neurovascular bundle and a 
high rate of incontinence32. By contrast, RARP 
required a hospital stay of just 24 h, a blood 
transfusion rate of near zero, continence 
outcomes of >90% and erectile function 
recovery of ~40% in high- volume centres38,39.

In 2020, RARP has almost completely 
replaced laparoscopy for radical 
prostatectomy, except in countries where 
robotic machines are not affordable owing to 
the high initial costs of ~US$2.5 million40.

An era of robotic prostatectomy
As RARP increased in popularity, it  
attracted considerable resistance from 
surgeons trained in the open radical 
retropubic prostatectomy method, as 

no randomized controlled trial (RCT) 
had demonstrated the superiority of the 
minimally invasive robotic method over  
the open method. Robotic prostatectomy 
was widely adopted for a number of reasons, 
but the very heavy marketing of the Da Vinci 
robot by vendors, hospitals and surgeons 
meant that patients were demanding the 
high- tech robot approach despite a lack 
of evidence to support its use. In many 
countries, especially the USA, patients 
were beguiled by this amazing new robot 
machine. Thus, a randomized trial was 
difficult because patients were unwilling to 
be randomized to the ‘old’ open method.

However, in 2010, surgeons in 
Australia were still providing open radical 
prostatectomy to patients in the public 
hospital system, where the robot was 
not available, and so recruitment for a 
randomized trial of open versus RARP 
was still possible41. By comparison, at this 
point, the open method had been largely 
abandoned in the USA. The RCT from 
Australia reported that continence and 
erectile function outcomes were similar  
after both robotic and open surgery at  
12 weeks after surgery (urinary function  
score 83.80 open versus 82.50 robotic; P = 0.48; 
International Index of Erectile Function 
(IIEF) 35.00 open versus 38.90 robotic; 
P = 0.18)41. The main benefits associated 
with robot- assisted surgery relate to its 
minimally invasive nature. RARP requires 
no abdominal incision and blood loss is 
minimized21; thus, the patients do not need 
a blood transfusion and can quickly return 
to their normal activities, which means that 
inpatient stays are reduced and an increased 
number of procedures can be performed. 
Thus, rates of deep vein thrombosis (DVT) 
and pulmonary embolism dropped 1.55% 
to 0.001%, as patients can ambulate 12 h 
after RARP, and usually 24 h after open 
surgery42,43. The rates of bladder neck 
stenosis dramatically reduced using the 
robotic method, as the precision of a 
running sutured watertight join using 
the robot is far superior to the difficult 
anastomosis performed using the open 
method8. In 2011, Breyer and McAninch11 
reported a 16% bladder neck stricture 
rate after open prostatectomy, compared 
with a 2% rate after RARP reported by 
Msezane et al.12 in 2008. Interestingly, 
insights gained from the robotic technique 
were then applied to the open surgical 
technique to improve open surgical 
outcomes; for example, the subumbilical 
incision used to perform open retropubic 
prostatectomy could be made smaller 
without compromising the surgical outcome 

and powerful magnifying glasses using 
×4.3 magnification were introduced for use 
in open surgery44.

Despite the improvements resulting 
from the use of robot- assisted techniques, 
the introduction of robotic surgery was 
generally not without criticism, much of 
which has been economic45. The monopoly 
of the Intuitive Surgical Company in the 
production of the robot has meant that both 
the disposable instruments and machines are 
extremely expensive. This cost has increased 
rather than decreased. Their monopoly in 
the market meant that as Intuitive made later 
versions of the robot, they could increase the 
price (Australian $3 million for the Si model 
to Australian $4.2 million for the Xi model); 
thus the persistent high costs of the machine 
and disposable instruments prevented its 
adoption in countries with limited health- care 
budgets. In 2020, surgical robots remain 
scarce in Asia- Pacific and Eastern Europe46. 
This monopoly situation is likely to change 
with the addition of new robotic machine 
manufacturers, such as Cambridge Medical 
Robotics (CMR), Medtronic and J&J/Google, 
who will enter the market of robotic surgical 
technology in 2020–2021 (reF.47).

In February 2019, a group from 
Memorial Sloan Kettering, NY, USA, a very 
high- volume robotic centre, published an 
analysis of potency outcomes in patients 
who underwent radical prostatectomy  
over the past decade, which included  
2,364 patients treated with open or minimally  
invasive prostatectomy, both robotic and 
laparoscopic, between 2008 and 2015  
(reF.46). Erectile function before and 
after radical prostatectomy was assessed 
using the IIEF score. After accounting 
for baseline pathological characteristics, 
urinary function and type of surgery, 
year of surgery was not associated with 
erectile function recovery on multivariate 
analysis (12 months OR 0.97, 95% CI 
0.91–1.03, P = 0.4); regardless of whether 
the surgery was performed using the open 
or the minimally invasive method, erectile 
function recovery rates were ~30%48. Thus, 
the transition between open and robotic 
surgery approaches does not seem to have 
improved erectile outcomes after radical 
prostatectomy. The true benefits of robotic 
prostatectomy relate instead to its minimally 
invasive approach but have not translated 
into improved outcomes of continence, 
potency and surgical cancer margins49. 
Many of the early claims of improved benefit 
came from single- surgeon series34, the 
majority of which could not be matched by 
other surgeons using the robotic method50. 
The alleged benefits of robot- assisted 
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surgery seemed to have been overstated. 
However, robotic prostatectomy has been 
almost universally adopted in countries in 
which the health- system economics enable 
installation of the technology.

Thus, despite widespread robotic surgery 
adoption, the measurable outcomes for the 
robotic prostatectomy method do not seem 
to have improved over the past 5 years51. 
In fact, in centres where only a few robotic 
procedures are performed annually, the 
results probably do not match those of  
open radical prostatectomy52. In 2016,  
two studies demonstrated that open surgery 
can reach near equivalence in terms of 
urinary continence, potency and oncological 
outcomes41,51.

As well as reduced blood loss, early 
hospital discharge and early return to 
normal activity, the safe nature of robotic 
surgery means that many more men 
can be offered prostate cancer surgery 
than was previously the case. Unlike 
open extraperitoneal prostatectomy and 
extra- peritoneal laparoscopic prostatectomy, 
RARP can be offered to men with previous 
mesh hernia surgery (in whom dissection 
can be hazardous owing to mesh scarring 
and inflammation), in those who have 
previously received radiotherapy or  
in those who have undergone focal  
therapy. Men aged >70 years and even  
some healthy octogenarians are able to  
undergo RARP53. The advent of minimally 
invasive RARP has enabled expansion of 
surgery as a therapeutic option to many 
men who previously could not be offered 
extirpative prostate cancer surgery. Overall, 
RARP has resulted in remarkable benefits 
for patients. However, 20 years after its 
introduction, one must consider whether we 
have reached our limit in terms of optimizing 
the technical aspects of radical prostatectomy 
for improving quality of life outcome.

Is RARP superior to open surgery?
Since the introduction of RARP in 2000, 
the robotic method has generally been 
considered to be superior to the open 
method because it is minimally invasive and 
demonstrates equivalence in the outcome 
measures of cancer control continence and 
potency18,54.

However, data published subsequently 
have provided a more nuanced evaluation 
of the benefit of RARP. In a study from 
Coughlin and colleagues55 published in  
The Lancet in 2018, the two modalities  
were compared in an RCT, in which  
100 men were randomized to each group.  
No significant difference was seen in 
outcomes of cancer control — there was 

no statistically significant difference in the 
evidence of disease progression in the two 
groups (P = 0.2956), and continence rates 
(that is, no pad use) were 95% at 24 months 
in the open group versus 91% in the  
robotic group. A modest benefit in erectile 
function was observed in the robotic group:  
12 months after surgery, 75% of men reported 
ED in the open group versus 70% in the 
robotic group. However, benefits of RARP 
were observed in terms of reduced blood 
loss (open 1,338 ml versus robotic 443 ml), 
shorter operating time (open 234 min versus 
robotic 202 min) and shorter hospital stay 
(open 2.39 days versus robotic 1.55 days).

What is clear from comparative studies 
is that outcomes very much depend on the 
individual surgeon’s skill, irrespective of 
whether the surgical method is open  
or robotic. The 2016 LAPPRO study 
compared 24-month outcomes from  
14 Swedish centres and included 4,000 
patients (3,000 of whom underwent RARP 
and 1,000 open prostatectomy) operated on 
by experienced surgeons51. A single surgeon 
carrying out open prostatectomy achieved 
the best continence outcomes, with 94% 
continence at 24 months. The best erectile 
function outcome was achieved by a surgeon 
carrying out robotic prostatectomy, with 
62% potency at 24 months. Furthermore, 
in centres with a high surgical volume of 
radical prostatectomy (>150 cases/annum), 
outcomes were more favourable than when 
the procedure was performed in low- volume 
centres. Institutions performing high 
volumes of robotic radical prostatectomy 
achieved significantly better outcomes in 
all measurable parameters. Rates of urinary 
complications after radical prostatectomy 
are strongly associated with surgical volume, 
with surgeons in the lowest quartile for 
surgical volume exhibiting an increase of 
25% in the relative risk of postoperative 
complications compared with the highest 
volume surgeons (26% versus 32%)56–58.

The probability of biochemical 
recurrence within 5 years for a patient with 
organ- confined prostate cancer treated by a 
surgeon with 10 previous cases is estimated 
at 14% compared with <3% for a patient 
treated by a highly experienced surgeon 
with >1,000 prior cases50.

Furthermore, the same paper50 also 
reports that high- volume surgeons obtain 
a greater yield of lymph nodes at the 
dissection before radical prostatectomy than 
their low- volume counterparts, even though 
all surgeons use the same surgical template; 
this parameter might, in fact, be a surrogate 
measure of surgical competence50,56. I believe 
that these data support the regionalization of 

cancer services so that a small number  
of surgeons treat a large number of patients 
rather than a large number of surgeons treat 
only a few patients each.

RARP has now become the operation 
of choice for both localized and locally 
advanced prostate cancer and open radical 
prostatectomy is uncommonly performed in 
the USA. This change is supported by data 
that demonstrate equivalence in oncological 
and urinary continence outcomes and 
slightly improved outcomes with regard to 
erectile function55.

Ultimately, the lifestyle benefits accorded 
by implementation of robotic technology 
in surgery have enabled more patients — 
even those who are elderly, frail or who 
have previous hernia repair — to be offered 
surgery for localized prostate cancer and in 
the salvage setting55.

Where do we stand now?
Evolution in surgical technique has occurred 
concurrently with rapid progress in other 
forms of therapy for prostate cancer, 
including radiotherapy59, chemotherapy60, 
the introduction of immunotherapy61 and 
a move towards active surveillance for 
men with low- risk disease62. The variety 
of options that are, therefore, available for 
contemporary prostate cancer management 
raise the question of where surgery fits 
into the current treatment algorithm and 
how it will continue to be used. It also 
raises the intriguing question of whether 
we have reached the limit of efficacy of 
robotic prostatectomy as a surgery to 
achieve cancer control or whether the 
technique can be further refined. For 
example, although continence outcomes of 
RARP are excellent, numerous studies have 
been published suggesting procedures to 
further improve continence (Box 1) via the 
use of a suburethral stitch63,64, maximizing 
urethral length65,66 and Retzius sparing66–68. 
Similarly, one study has claimed a potency 
rate of 96% 12 months after surgery, using 
a veil of Aphrodite technique69. However, a 
study that included outcomes from multiple 
high- volume surgeons performing radical 
prostatectomy across 14 centres reported 
more modest outcomes of ~70% erectile 
function 1 year after surgery70. Thus, a 
major consideration when assessing changes 
to surgical technique is that single- centre 
reports are inherently biased and are 
often not reproducible when tested by a 
diverse cohort of surgeons. Overall, despite 
the technological improvements that 
transformed radical prostatectomy from 
a morbid open procedure to a minimally 
invasive, minimally morbid operation, the 
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original potency, continence and oncological 
outcomes of prostatectomy have not been 
improved upon, despite robot machine 
introduction and a learning curve that 
was achieved by surgeons who have now 
become expert robotic prostatectomists. 
Perhaps instead the answer to optimizing 
the role of surgery in prostate cancer will 
come from improved understanding of 
the molecular biology of prostate cancer, 
resulting in a treatment plan whereby radical 
prostatectomy is only part of the repertoire 

of multimodal therapy that also includes 
chemotherapy, targeted radiotherapy and 
immunotherapy71. Multimodal therapy is 
slowly developing, but some therapies are 
still not available or affordable in many 
health- care systems.

The role of surgery in 2020
Radical prostatectomy9 was originally 
introduced as a local therapy for localized 
disease, with the intention to cure the 
patient of prostate cancer2. However, over 

the past 40 years, the role of surgery in 
prostate cancer management has changed 
considerably. For example, many men 
operated on for prostate cancer between 
1980 and 2005, who were, in retrospect, 
good candidates for active surveillance, were 
instead offered radical prostatectomy72. This 
overtreatment was due to a lack of insight 
into the lethal phenotype of prostate cancer 
and understanding that Gleason score 3 + 3 
(Grade Group 1) cancer rarely — if ever — 
metastasizes72. Evidence now shows that 

Box 1 | Modifications in robotic surgery without evidence of efficacy

Since the introduction of robot- assisted radical prostatectomy (rarP),  
a number of variations on the original description of this operation have 
been described38.

The Veil of Aphrodite technique
This technical modification to preserve the neurovascular bundle was 
described in 2006 in a study from menon’s group in Detroit that reported 
erectile outcomes following rarP with a questionnaire- based  
analysis. conventional nerve sparing was compared with a prostatic 
fascia- sparing technique, which was coined the “veil of aphrodite 
technique”. This approach involved resection of the periprostatic fascia 
high on the lateral sides of the prostate to drop this fascia and to prevent 
damage to the neurovascular bundle, which sits below. This technique 
was only popularized by the Detroit group, who first described it,  
and its rationale was questioned in a subsequent cadaveric analysis of 
periprostatic nerve distribution from our group in melbourne, which 
examined the level of the cavernous nerves in the neurovascular 
bundle106. This study found that the majority of nerves of the 
neurovascular bundle were situated inferolateral to the prostate above 
the rectum; thus, high release of the fascia above the midline of the 
prostate could have little effect on preservation of these important 
nerves. Instead, high release of the anterior fascia around the prostate  
at radical prostatectomy might steer the surgeon away from damaging 
those nerves, as they swing anteriorly towards the apex of the prostate 
and urethra bilaterally. The veil of aphrodite dissection has, therefore, 
fallen from favour and is not now described in textbooks on robotic 
surgical techniques.

Preservation of the urethral smooth muscle
Preservation of the smooth muscle of the urethra has been postulated  
to aid restoration of postoperative incontinence following radical 
prostatectomy66. however, the smooth muscle of the urethral sphincter 
supplies only passive continence and true active continence is mediated 
via the striated muscle, which is supplied by the pudendal nerve107. unless 
urethral preservation length correlates with improved preservation of 
skeletal muscle fibres, preservation of urethral smooth muscle has no 
anatomical basis for improving postoperative continence following 
radical prostatectomy.

The suburethral plication stitch
Several studies have suggested that a plication stitch running 
suburethrally at the apex of the prostate to the Denonvilliers layer  
below the bladder aids restoration of postoperative continence64,108. The 
plication stitch is implemented before performing the anastomosis.  
The stitch is placed into the baseplate of tissue beneath the anastomosis 
to improve postoperative continence. however, this method — also 
known as the rocco stitch — does not seem to be associated with 
improved continence following rarP and no trials have supported its use.

a 2012 systematic review and meta- analysis of studies reporting urinary 
continence recovery after rarP reviewed 51 articles reporting urinary 
continence rates after rarP109. The incidence of no pad and/or safety pad 
use following surgery at 12 months ranged from 89% to 92% irrespective 

of the technique used and whether the plication stitch was used.  
The meta- analysis concluded that prevalence of urinary incontinence 
after robotic prostatectomy is influenced by preoperative patient 
characteristics, surgeon experience, surgical technique and methods 
used to collect report data, and that posterior muscular fascial 
reconstruction using the rocco stitch seems to offer a slight advantage  
at 1 month after surgery but not thereafter.

Seminal vesicle- sparing prostatectomy
reports that sparing of the seminal vesicles leads to improved 
postoperative continence after radical prostatectomy are, at the time  
of writing, purely anecdotal. No specific report in the literature supports 
this claim, which has been handed down from surgeon to surgeon.  
a 2017 randomized control trial compared functional outcomes following 
standard nerve- sparing rarP (n = 70) and the nerve- sparing technique 
augmented by seminal vesicle sparing (n = 70)110. No differences were 
seen in sexual and urinary functional scores, surgical margin status or 
PSa biochemical recurrence between the groups, and the authors 
concluded that seminal vesicle- sparing prostatectomy was of little use. 
This conclusion was supported by anatomical studies from our group at 
the royal melbourne hospital, which demonstrated that the autonomic 
neural components of the neurovascular bundle were not in close 
proximity to the tips of the seminal vesicles49. In fact, the S2–S4 
parasympathetic autonomic nerves join a ganglion 1–2 cm away from  
the seminal vesicle tips, close to the base of the prostate. Thus, dissection  
of the seminal vesicles is unlikely to compromise autonomic function,  
and a link between seminal vesicle preservation and the functional and 
oncological outcomes of radical prostatectomy is unlikely.

Retzius- sparing radical prostatectomy
In 2015, Rha et al.111 reported the retzius- sparing rarP technique.  
In this approach, the surgery commences with an incision through  
the peritoneum posterior to the bladder and the seminal vesicles are 
dissected as a first step. rha and colleagues’ initial reports of this 
technique described a high T2- positive margin rate of 12% compared with 
5.3% in a matched robotic- assisted laparoscopic prostatectomy (ralP) 
cohort. This high rate of T2 margin positivity was explained as being a 
result of the steep learning curve associated with performing this 
technique. Subsequent reports have been based on single institutions.  
a 2017 study from menon’s group in Detroit investigated functional 
recovery, oncological outcomes and postoperative complications in  
a randomized study of 120 patients after standard rarP (which is 
performed anterior to the prostate in the space of retzius) versus the 
retzius- sparing approach67. They concluded that, in patients with low- risk 
or intermediate- risk prostate cancer, outcomes at a 12- month follow- up 
point were not significantly different in any of the measurable parameters 
and that return to continence in retzius- sparing surgery was no  
different from that in conventional surgery (P = 0.001)112. however,  
the retzius- sparing approach is technically difficult, associated with  
a steep learning curve and should be performed by surgeons already 
skilled in the standard ralP all technique.
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these men with Gleason Grade Group 1 
disease have biologically insignificant 
cancer72 and can be safely managed on  
an active surveillance programme73.  
At the other end of the disease spectrum, 
during the same period, if a frozen section 
demonstrated a pelvic node metastasis, 
the operation was abandoned; the prostate 
remained in situ and the man was offered 
androgen deprivation therapy (ADT)  
alone9. Now, 40 years later, the approach 
to prostate cancer has changed completely, 
owing to modern imaging techniques that 
have enabled early diagnosis and staging.  
In 2020, such imaging techniques include PET  
scanning with 72Ga- PSMA (PSMA PET), 
which has superseded staging imaging 
modalities such as technetium bone scan 
and abdominal and pelvic CT74. In the past, 
negative Tc scan or CT showing no evidence 
of metastases and, therefore, indicating 
localized prostate cancer meant that surgery 
was then offered in the hope that it would 
be curative. Improved imaging means that 
aggressive prostate cancer (Gleason score 
4 + 3; Grade Group 3 and above) is now 
found more often as a systemic disease and 
ab initio. Thus, surgeons in 2020 are now 
operating on men with metastatic disease 
in whom these metastases would previously 
have been invisible before surgery. Some 
men with metastatic prostate cancer might 
benefit from removal of the primary 
tumour75.

The contribution of imaging techniques
PET scanning with 72Ga- PSMA can detect 
most prostate cancer metastases when they 
reach the size of 4 mm in diameter76. Now 
that prostate cancer can be more accurately 
staged, clinicians have to grapple with 
positioning the different therapies in their 
armamentarium so that the sequence of 
therapies provides the optimal potential 
for increased longevity whilst balancing 
a good quality of life. Currently, many 
surgeons operate on patients without imaged 
metastatic disease, relying on conventional 
bone scan and CT scan for information 
about metastatic burden. However, now  
that 72Ga- PSMA scanning can determine  
if the patient has metastatic disease, it raises 
the question of whether we should continue 
to operate on these patients using radical 
prostatectomy as a first step in a therapeutic 
algorithm.

Our insights into the prostate cancer 
phenotype provide a strong rationale for 
surgical intervention as soon as Gleason 
grade ≥7 is diagnosed, before mutation to 
a more lethal phenotype occurs. In this 
scenario, radical prostatectomy might be 

the only necessary intervention to prevent 
a man from dying of prostate cancer. In 
2010, a study investigating the association 
between lead time and prostate cancer 
grade showed evidence of grade progression 
from long- term follow- up monitoring of 
large population- based cohorts (n = 1,041), 
who were not subject to PSA screening77. 
The data convincingly supported grade 
progression whereby tracking a prostate 
tumour over time demonstrated transitions 
from benign to low- grade and then to 
high- grade prostate cancer. Men with a 
longer lead time between detection of 
elevated PSA and subsequent prostate 
cancer diagnosis were more likely to have 
high- grade cancer at diagnosis (OR 1.13)78.

Rather than being the sole approach 
for definitive therapy, modern RARP 
could now be the first step. Removing 
the prostate will control disease in the 
primary cancer in the pelvis, obviating 
the potential for later urinary obstruction 
and bleeding from an enlarging and 
increasingly aggressive primary prostate 
tumour. Thus, surgery would be the first 
step in treating clinically localized prostate 
cancer and, as stated above, might be the 
only treatment necessary. In patients with 
a limited metastatic burden, it could also 
have a role after neoadjuvant therapy. The 
subsequent chemotherapeutics used in 
the multi- pronged and sequenced therapy 
cascade carry more morbidity and are more 
hazardous than surgery. In this scenario, 
surgery is performed to achieve local control 
and life extension, but also to avoid the 
delay in initiating ADT. If prostate removal 
is performed early enough in the course of 
the cancer evolution, the operation could 
truly be curative, as has been demonstrated 
in Scandinavian screening studies in which 
PSA testing resulted in a difference of  
6–8 years in lead time over those men  
who were not tested, resulting in improved 
outcomes77,78.

Considering pelvic node dissection
Insights from modern imaging techniques 
have given us cause to question the validity 
of combining RARP with pelvic node 
dissection, either limited or extensive. In 
1898, Halsted promoted the concept of wide 
local excision of the primary tumour in 
conjunction with regional node dissection, 
based on the hypothesis that primary 
prostate cancer metastasized in a stepwise, 
locoregional fashion from the prostate and 
then to the pelvic nodes79. Subsequently, 
surgeons even now apply this principal of 
extirpation of the primary cancer and local 
pelvic regional node dissection.

Some tumour types do seem to 
metastasize in a stepwise Halstedian fashion. 
For example, bladder cancer tends to spread 
first to the locoregional nodes80. Thus, the 
concept of wide local excision including 
the draining lymph nodes is logical in the 
surgical management of these cancers. 
However, prostate cancer behaves differently 
and can metastasize first haematogenously 
to the bone marrow, or skip the pelvis 
altogether, with nodal spread being first 
noted in the abdomen81. PSMA PET has 
demonstrated the capricious nature of 
prostate cancer metastases, and, in some 
cases, the first echelon node metastasis is 
found in the supraclavicular region. In fact, 
contrary to previous dogma, lymph nodes 
might, in fact, be a type of oncological 
cul- de- sac and be associated with a less 
lethal phenotype than haematogenously 
borne metastatic disease82.

A role for node dissection? Improved 
accuracy of imaging now raises the 
conundrum of how to proceed when 
obvious metastases are imaged. Pelvic 
lymph node metastases might be identified 
preoperatively and can then be removed 
at primary surgery. If the scan is only 
performed after surgery, then it might be 
feasible to perform salvage node dissection 
treating identified disease rather than 
blind node dissection, which accompanies 
prostatectomy surgery at present. However, 
if the use of preoperative PSMA PET 
scanning becomes more widespread, 
enabling synchronous diagnosis of nodal 
spread, then performing node dissection 
of imaged disease at the time of primary 
surgery could be a logical approach. Pelvic 
lymph node dissection (PLND) at radical 
prostatectomy is currently performed 
blind, without knowledge of the presence 
of metastases. Limited and extended node 
dissection templates are available83,84 (Fig. 3). 
These templates only cover 50–60% of the 
pelvic prostatic node drainage, with 40% 
of nodes outside the surgical dissection 
template85.

The majority of patients staged with 
less accurate imaging (such as bone scan 
and CT) do not have imaged metastases 
when primary surgery is considered86. Blind 
PLND — template- standardized pelvic en 
bloc node dissection — can be an extensive 
operation and is associated with substantial 
adverse effects, including lymphocele, 
DVT and pulmonary embolism87. Before 
node dissection is performed, these effects 
must be weighed against the benefits 
of performing blind locoregional node 
dissection. If stereotactic body radiotherapy 
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(SBRT) is a logical treatment option in 
sequenced prostate cancer therapy, then 
there might also be a role for limited 
targeted pelvic node dissection following 
prostatectomy in certain instances. As yet, 
whether salvage surgery is better than SBRT 
is uncertain. SBRT is able to cover a wider 
field than surgery. PSMA PET scanning will 
not detect nodal disease <4 mm in diameter; 
thus, small metastatic nodes might be 
missed, whereas the radiation field of SBRT 
can cover a wide field and might be  
more effective.

No studies have demonstrated the 
oncological benefit of either limited or 
extended pelvic lymph node dissection 
(ePLND) that justifies the attendant 
morbidity associated with LND86,87.  

The vast majority of ePLNDs reveal benign 
histology only, possibly owing to the wide 
variation in lymph node drainage from the 
primary prostate tumour88,89, which means 
that pelvic nodes might not be the first site 
of metastases. In a 2018 study, Yaxley et al.86 
reported that only 61 of 1,184 LNDs showed 
node- positive cancer; the other 1,123 
patients had benign tissue only. As PSMA 
PET imaging has demonstrated that the 
first echelon of imageable node metastases 
of primary prostate cancer can be in the 
sigmoid or rectal mesentery, para- aortic 
nodes above the pelvis, subclavian nodes and 
even the lung, the clinical value of PLND is 
called into question, as lymph node section 
templates, whether standard or extended, 
will never remove these nodes90.

Proponents of pelvic node dissection at 
radical prostatectomy argue that its value 
comes from providing staging information91. 
However, staging can also be accurately 
assessed using postoperative PSA testing 
and PSMA PET scanning90. The histological 
importance of pelvic node metastases 
remains uncertain, in particular the question 
of whether some of these cell nests in the 
pelvic nodes are necessarily lethal. Prostate 
cancer cells in pelvic nodes can remain 
dormant for many years92, but lymph node 
metastases might be phenotypically less 
aggressive than bone or visceral metastases82. 
Yaxley and colleagues’ 2018 study86 of a 
series of 1,180 patients treated with ePLND 
by 13 surgeons reported a positive node 
yield of just 5.5%; however, 40 of 62 surgeries 
in which node dissection was positive also 
demonstrated seminal vesicle invasion and 
the median Gleason score in these patients 
was 4 + 5. The number needed to treat for 
PLND to detect node metastases was 19, and 
to hypothetically improve survival outcomes 
beyond those of prostatectomy alone, the 
number needed to treat for cure by PLND 
was 395. In such patients, the high- grade 
disease is likely systemic and adding the 
very- low- yield node dissection procedure, 
which is associated with considerable 
morbidity, is not justifiable given the 
number needed to treat.

In another study, 7 of 88 (8%) men 
with node- positive disease remained free 
from biochemical recurrence at 5.6 years 
following surgery and only 8% of these men 
remained free of biochemical recurrence at 
15 years93. This report demonstrates that the 
therapeutic benefit of removing the nodes 
is minimal when 92% recurred regardless 
of node dissection after 15 years. A series of 
19,633 patients who underwent PLND 
reported 505 positive lymph nodes, which 
translates to 2.5% of this cohort having node 
metastases94. Only 7.1% of the node- positive 
patients remained free of biochemical 
recurrence at 15 years94, also suggesting that 
node dissection does not have a therapeutic 
benefit, as patients fail treatment irrespective 
of node removal.

In my view, the addition of standard 
PLND or ePLND to RARP is not indicated. 
No consensus is available in the literature to 
determine what standard node dissection 
includes and whether it covers the obturator  
only, or the obturator and the internal iliac. 
LND is justified in neither a therapeutic  
scenario (that is, to delay disease progression)  
nor in an oncological sense for cancer 
staging. The advent of modern PSMA PET 
imaging has given us knowledge of the 
multiplicity of primary nodal metastatic 
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Fig. 3 | Lymph node dissection templates. a | Limited pelvic lymph node dissection (PLND) usually 
includes dissection restricted to the obturator fossa bilaterally. b | Standard PLND includes nodal 
dissection between the bifurcation of the common iliac artery proximally , the inguinal ligament dis-
tally , the genitofemoral nerve laterally and the bladder wall medially , and typically includes the distal 
common iliac, external iliac, obturator and hypogastric nodes on either side. c | Extended PLND 
(ePLND) typically refers to the removal of nodes between the aortic bifurcation and common iliac 
vessels proximally , the genitofemoral nerve laterally , the circumflex iliac vein distally and the internal 
iliac vessels posteriorly. d | Super- extended PLND refers to a dissection that is continued proximally 
to the root of the inferior mesenteric artery. Adapted from reF.84, Springer Nature Limited.
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drainage from prostate cancer, illustrating 
that primary node metastases are not 
uncommonly found outside the surgical 
dissection template, undermining the 
rationale for primary dissection of the pelvic 
nodes.

Node dissection in oligometastatic disease. 
If there is doubt about the efficacy of 
primary LND at the time of prostatectomy, 
it raises the question of whether salvage 
node dissection has a role in contemporary 
prostate cancer management. PSMA PET 
imaging has demonstrated that nodal 
metastatic disease post- prostatectomy might 
be amenable to surgical removal or salvage 
SBRT76. The minimum diameter needed  
for PSMA PET to detect node metastases is  
4 mm (reF.76) and, even when imaging seems 
to show a single node deposit, histology often 
reveals a greater nodal disease burden than 
the imaging76. However, surgical removal or 
SBRT of imageable disease has been shown 
to increase the time before institution of 
hormone therapy by up to 36 months95. 
Node dissection might well have a role in 
the treatment of oligometastatic disease, 
but, as the literature stands, the evidence is 
currently insufficient to draw conclusions.

Considering nerve sparing
Several studies have suggested that 
meticulous neurovascular bundle sparing 
at radical prostatectomy improves 
postoperative continence outcomes96–98. 
However, in a 2016 meta- analysis no 
difference in continence outcomes beyond  
6 months was observed, regardless of whether 
a nerve- sparing or non- nerve- sparing 
procedure was performed, although time to 
continence was improved97. The hypothesis 
that nerve sparing of the autonomic 
neurovascular bundle nerves can affect 
urinary control, mediated by the (somatic) 
pudendal nerve to the skeletal muscle 
of the rhabdosphincter, is curious. The 
autonomic nerves control erectile function, 
not continence; the pudendal nerve, a motor 
nerve to the skeletal muscle of the striated 
sphincter, is the continence mechanism. 
Thus, these two different nerve supplies 
have separate functions. The course of the 
pudendal nerve is between the levator ani 
and the obturator muscles; the pudendal 
nerve pierces the levator ani at the apex 
of the prostate and sends branches to the 
rhabdosphincter at this position. Thus, 
apical dissection is a critical step in radical 
prostatectomy, as both the erectile and 
continence nerves are in close proximity. 
Damage to the erectile nerves is more  
likely here as they are very close to the  

prostatic apex, but rough dissection at the 
apex can conceivably damage the pudendal 
nerve, which, although further away, is  
still close enough to be injured. Thus,  
careful sparing of the potency nerves at the 
apex might also help to prevent injury to  
the nearby pudendal continence nerves.  
The discovery and description of the anatomy 
of the neurovascular bundle in 1984 (reF.10) 
heralded a new era in prostatectomy, 
enabling preservation of erectile function 
in up to ~40% of patients70, as the erectile 
nerves were no longer cut. Very few patients 
are unsuitable for nerve sparing, which can 
usually be performed incrementally to some 
degree, even in men with extracapsular 
disease, although in advanced localized 
prostate cancer sometimes a wide excision 
has to be performed. Studies have shown 
that extracapsular extension of prostate 
cancer rarely extends histologically beyond 
3 mm (reF.99), whereas anatomical studies 
have demonstrated that the distance between 
the prostatic capsule and the cavernous 
nerves (which are in a posterolateral fascial 
compartment in the bundle) is around  
5 mm (reF.100). Thus, even if preoperative 
MRI of the prostate suggests extracapsular 
extension, the nerves do not have to be 
completely dissected or resected. Digital 
rectal examination suggesting extracapsular 
extension should not predicate extirpation 
of the nerve bundles — if the palpable 
disease is unilateral, then at least unilateral 
nerve sparing can be performed on the 
contralateral side.

Radical prostatectomy in 2020?
The early prostatectomy techniques  
of perineal prostatectomy developed  
120 years ago by Young and the retropubic 
prostatectomy popularized by Millin in 1948 
both fell out of favour owing to extreme 
associated morbidity4. In 1980, when 
Walsh reintroduced anatomical radical 
prostatectomy with a much improved safety 
profile, the operation was widely readopted6. 
However, at that time, the operation was 
often performed on patients with low- risk 
disease who did not need surgery, and 
men with high- risk prostate cancer were 
denied surgery in the belief that the surgery 
could not possibly be curative. Thus, 
many radical prostatectomies performed 
in the 1980s and 1990s were for patients 
with low- risk and very- low- risk prostate 
cancer. Improved biological insights, 
particularly the information that Gleason 
6 prostate cancer is not lethal, mean that 
in contemporary clinical practice, many 
men who had previously been offered 
surgery for low- grade prostate cancer are 

instead enrolled in an active surveillance 
programme. Active surveillance is now 
offered to ~40% of men with a histological 
diagnosis of low- grade prostate cancer in 
Victoria, Australia101. The uptake of active 
surveillance for low- grade, Gleason 6, cancer 
has been variable around the world.

As we head into the third decade of the 
21st century, it seems inevitable that almost 
all prostate cancer surgery will be performed 
robotically from now on. Although 
randomized trials have not shown markedly 
improved benefit in terms of functional or 
oncological outcomes after RARP, robotic 
surgery is associated with the known 
benefits of minimally invasive surgery and, 
therefore, open surgery is unlikely to have 
a renaissance, particularly given that the 
economics of robotic surgery will improve 
with the advent of new systems47. However, 
quality- of- life outcomes following radical 
prostatectomy have not improved over the 
past 10 years, as demonstrated in a study 
that compared functional outcomes after 
prostatectomy from 2008 to 2018 (reF.48); 
such functional outcomes of continence and 
potency directly translate to quality of life.

Numerous technical modifications to 
robotic technique have been suggested, 
the outcomes of which have not lived up 
to the initial promise (Box 1). Thus, we 
seem to have reached the technical limits 
of our ability to provide a quality surgical 
procedure for prostate cancer using robotic 
technology.

Changing indications
In 2020, the primary indication for 
radical prostatectomy is a diagnosis of 
intermediate- risk or high- risk disease. 
These men undergo a metastatic work- up, 
which includes technetium bone scan and 
abdominal and pelvic CT scan, but currently 
does not include PSMA PET imaging as 
standard. If the metastatic work- up indicates 
localized disease, the patient is offered radical 
prostatectomy with a curative aim. If surgery 
is performed early in the mutational cascade 
of the tumour, the patient could indeed  
be cured and will not, therefore, die of 
prostate cancer78.

Based on extrapolation of data from 
the STAMPEDE trial102, prostatectomy 
might be an appropriate first step in a 
multidisciplinary approach to prostate 
cancer in men with a limited metastatic 
burden. STAMPEDE demonstrated that a 
combination of treatment of the primary 
cancer plus radiation therapy in patients 
with oligometastatic disease did improve 
survival. Failure- free survival was improved 
in those patients with low metastatic burden 
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(HR 0.78, 95% CI 0.63–0.98; P = 0.033) and 
a beneficial effect of prostatic radiotherapy 
was seen in men newly diagnosed with 
limited metastatic disease compared  
with those given hormone therapy alone102. 
Thus, the contemporary role of surgery 
becomes sterilization of the pelvis, removing 
the primary malignant organ to prevent 
further metastatic seeding. Removal of 
the primary tumour also prevents late 
complications of aggressive prostate cancer, 
such as bilateral ureteric obstruction, bleeding 
and urinary incontinence4. The logic of this 
approach is partly based on the adverse effects 
profile of ADT, the most favoured alternative 
option for men with metastatic prostate 
cancer. ADT leads to sexual dysfunction, with 
loss of libido in 90% of treated men and loss 
of erectile function in 50%103. Taking this high 
rate of sexual dysfunction into consideration 
demonstrates the appeal of surgery, which 
permits deferment of ADT, and making the 
main risk of treatment a 5% risk of urinary 
incontinence at 24 months using modern 
robotic techniques55. The lack of sexual 
dysfunction as an adverse effect means that 
prostatectomy can be more safely offered to 
men who might otherwise have been offered 
ADT for limited metastatic disease.

The insights obtained using PSMA PET 
imaging have altered the way in which  
we view high- grade prostate cancer104, so 
that, in 2020, the current understanding  
is that high- grade prostate cancer might be 
a systemic disease ab initio and that surgery 
or radiotherapy are reasonable therapeutic 
approaches, either early or late in disease 
management.

Thus, the role of radical prostatectomy 
for prostate cancer has evolved over the 
past 120 years. Initially high rates of 
morbidity almost led to the operation being 
abandoned. Then, as the operation evolved 
to become safer, it was offered to men with 
low- risk and very low- risk prostate cancer. 
In 2020, radical prostatectomy is now a 
proven, effective cancer therapy in men with 
moderate- risk and high- risk disease and is 
also an option for men with occult or proven 
low- volume metastatic disease.

Future directions
Use of diagnostic prostate MRI is likely 
to increase; in time, all men who have 
suspected prostate cancer will most likely 
undergo a prebiopsy MRI25.

The use of diagnostic MRI can then 
guide targeted biopsy of lesions described by 
radiologists as Prostate Imaging Reporting 
and Data System (PIRADS) score 3, 4 and 
5, reducing the number of unnecessary 
biopsies performed. Surgeons will then be 

more certain that they are offering radical 
prostatectomy to those men who can 
truly benefit.

We are entering the next generation 
of robotic surgical machines. Numerous 
new robotic systems will become available 
as the patents for the first- generation da 
Vinci platform expire and the technology 
expands47. Several console- based robots 
for laparoscopic multiport and single- port 
surgery will come to market in 2020, 
including platforms from CMR and 
Medtronic, and the features of these new 
robots are likely to differ considerably, using 
a variety of instrumentation, consoles and 
video technologies45. Furthermore, the loss 
of Intuitive’s monopoly and associated cost 
reduction will enable more widespread 
uptake of new systems, as the availability 
of less expensive robots will mean that 
many more patients can be offered robotic 
surgery. In the past, the major concern in 
the application of robotics has been cost, 
but the arrival of modular robotic machines, 
such as the upcoming model from CMR, 
which plans to include the instrument 
cost in the machine cost and increase 
the number of uses of the instruments 
by 50%, will reduce the instrumentation 
cost of RARP to be equivalent to that 
of laparoscopic surgery, leading to 
dissemination of robotics throughout 
pelvic and upper abdominal surgery. 
The development of the safe provision 
of robotic surgery in prostatectomy has 
blazed a trail for dissemination of robotic 
surgery into many other applications in 
addition to prostate cancer and indeed 
in specialties outside urology and 
gynaecology105. These expanded uses 
will mandate the embedding of a robotic 
surgery curriculum in all surgical residency 
training programmes alongside appropriate 
simulation and virtual reality systems 
for surgical teaching, improving surgical 
training and, therefore, most likely leading 
to improved patient outcomes.

Conclusions
No clear improvement in quality- of- life 
outcomes after radical prostatectomy have 
been observed over the past 10 years as 
RARP has become the norm. A number of 
reports, mainly from single centres, have 
described the benefits of some technical 
modifications to this surgery; however, 
examination of these modifications seems 
to reveal no benefit in improving functional 
outcomes. Thus, we seem to have reached 
the technical limits of our ability to provide 
a quality surgical procedure for prostate 
cancer using robotic technology70.

As the role of surgery evolves, robotic 
prostatectomy might become the first salvo, 
sterilizing the pelvis of local disease in 
preparation for the targeted and systemic 
therapies to follow. Prostatectomy might 
instead be reserved for use after aggressive 
neoadjuvant therapy, similar to the role 
of cystectomy in muscle- invasive bladder 
cancer.

Imaging insights obtained using PSMA 
PET scanning now lead us to believe that 
high- grade prostate cancer is a systemic 
disease and that surgery or radiation are  
two approaches that can be applied in early 
or late disease management.

For many years, prostatectomy has been 
offered to men with limited metastatic 
disease. Thus, in 2020, where radical 
prostatectomy was once an operation 
for men with very- low- risk and low- risk 
prostate cancer, its indication has now 
changed to be used instead in men with 
high- risk, occult metastatic and defined 
metastatic disease.
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