
Prostate cancer, often perceived to be an indolent disease, is 
the second cause of cancer mortality in men in the United 

States [1]. Much of this mortality occurs among patients who 
had been classified as having high-risk disease (HRD) at the 
time of diagnosis [2]. High-risk disease comprises 20%-30% of 
all newly diagnosed cases [3,4].

D'Amico`s definition of HRD [5] includes any of the follow-
 

-
ment failure, development of metastatic disease, and mortality 
despite adequate initial therapy given with curative intent [6]. 

There is no consensus on the treatment of choice for patients 
with high-risk prostate cancer. Guidelines recommend either 
radical prostatectomy (RP) or external beam radiation therapy 
(EBRT) combined with androgen deprivation therapy (ADT) [7]. 
However, there has not been any prospective trial comparing the 
long-term efficacy of these two treatment modalities in HRD. 
Nevertheless, evidence suggests that more high-risk patients are 
referred to EBRT compared to intermediate- and low-risk patient 
groups [8,9]. Part of this thought may be attributed to the fact that 
RP is more challenging and potentially more dangerous in these 
patients compared to surgery in the low- and intermediate-risk 
populations; therefore, clinician selection directs high-risk pa-
tients to receive radiation therapy more often than surgery. In ad-
dition, cure is not expected to occur often as the result of surgery 
alone in patients with HRD and therefore, the anticipated higher 
risks of surgery seem unjustified in this patient group.

Another clinical scenario in which RP is a challenge is salvage 
surgery following failure of a previous treatment modality. Sal-
vage radical prostatectomy (SRP) has been reported as a difficult 
surgery with more frequent side effects compared to primary RP 
[10-12]. As a result, many clinicians refrain from submitting such 
patients to surgery despite its curative potential and prefer andro-
gen deprivation therapy (ADT), which is not curative. 

Despite the apprehension to offer RP to patients with HRD 
as their first step of treatment, initial surgery has some potential 
advantages. There is considerable Gleason downgrading from 



surgical specimen pathology and serum PSA are excellent predic-
tors of outcome following RP [14], allowing for further patient 
allocation to follow-up or adjunctive radiation therapy. While 
these outcome predictors are readily available a few weeks fol-
lowing surgery, years might elapse before radiation failure can 
be defined, and further therapy be warranted. When necessary, 
EBRT after RP is much better tolerated than vice versa. 

Since RP in patients with HRD is perceived as difficult, haz-
ardous, and not sufficiently effective, we think many patients 
are offered EBRT rather than surgery when diagnosed, despite 
the paucity of evidence supporting an oncologic advantage to 
this approach. Similarly, patients who can be candidates of SRP 
after previous local treatment failure are also offered other treat-
ment options, in fear that SRP may be hazardous. To confront 
these concepts we evaluated the morbidity, functional outcome, 
and oncological results of SRP and RP in high-risk patients at 
a single center.

Following approval of the institutional ethics committee, we re-
viewed the medical charts of all patients who underwent RP in 
our center between January 2012 and December 2019. Cases 
that were performed by our department's staff urologists in oth-
er hospitals were included as well. Generally, high-risk patients 
are seen in a multidisciplinary clinic, where both a urologist and 
an oncologist assess them. Since this is a retrospective study, 
no criteria were pre-defined for referral to RP or EBRT. Higher 
body mass index, older age, frailty as well as patient's prefer-
ence, were the main factors considered.

Cases were included in this report based on D'Amico criteria 
of HRD when referred to RP as their initial form of treatment. 
Also included in this cohort were salvage radical prostatecto-
mies following failure of previous EBRT or focal treatment. 

Electronic hospital charts (Chameleon) and the integrated 
virtual medical record (Ofek) were abstracted and data were 
collected on demographics, pathological report of the RP, sur-
gical complications according to Clavien-Dindo classification, 
estimated surgical blood loss, and the number of packed cells 
transfusions. Outpatient follow-up included urinary continence 
state, serum PSA level, biochemical recurrence (BCR) defined 
as two consecutive PSA level rises above 0.04 ng/ml, detection 
of metastatic disease, ancillary treatment given, and mortality. 
Serum PSA levels < 0.1 ng/ml within 6 weeks of surgery were 
considered undetectable. Biochemical recurrence was consid-
ered only in patients who achieved an undetectable serum PSA 
level after RP. Patients were considered to have metastatic dis-
ease if their PSA level rose above 2 ng/ml at any point after sur-
gery or distant site involvement was demonstrated on imaging. 
Regional lymph node involvement in the surgical specimen or 
by imaging studies after surgery were considered as locally ad-
vanced disease. Continence state was determined as described 

by the patient and documented in the medical record. No formal 
measurements were made.

Statistics were generally descriptive. Comparisons used 
-test and Fisher's exact test, for continuous and categorical vari-

ables, respectively.

Our cohort included 39 patients who underwent RP, of which 
38 were performed using an open retropubic approach. One was 
robot assisted. Fourteen patients were evaluated by PET-Ga68 
PSMA for systemic spread, 18 patients were evaluated by CT of 
the abdomen and pelvis, 20 by bone scan, and 3 were not eval-
uated systematically (cT2c only risk factor, or previous failure 
of local treatment). Thirteen patients were evaluated by prostate 
MRI for local extent of the disease.

Since HRD is often not confined to the prostate, we did not 
attempt to preserve the neurovascular bundles in any of these 
cases. Consequently, there are no data regarding sexual func-
tion following RP in this report. Thirty-six patients had RP as 
their initial treatment and 3 patients had a salvage RP following 
previous failure of EBRT (2 patients) or high intensity focused 
ultrasound (1 patient). Patient demographics and baseline char-
acteristics are presented in Table 1. The average age was 67.8 
years, and the average follow-up duration of the entire cohort 
was 40.9 (range 1.3–95.9) months. 

Of the three D'Amico criteria of HRD, the most prevalent 

more than one risk factor, and one patient had all three risk fac-
tors [Figure 1].

Postoperative morbidity and pathological outcomes are pre-
sented in Table 2. In 74% of patients Gleason on final pathology 
was concordant with biopsy, 16% patients were upgraded, and 
10% were downgraded.



The most frequent complication was intraoperative bleed-
ing. Packed cells transfusions were required in a third of the 
cases. Seven patients (18%) experienced surgical complications 
that required intervention (Clavien-Dindo grade 3). All of these 
complications were related to the vesicourethral anastomosis, in-
cluding anastomotic leak requiring cystography and urinary re-
tention requiring cystoscopy or insertion of suprapubic catheter. 
Only one patient required intervention under general anesthesia 
(Clavien-Dindo grade 3b), and none of the patients experienced 
life-threatening complications or mortality (Clavien-Dindo 
grades 4–5). 

In most cases, the tumor was found to extend outside of the 
prostate (pT3), and in about half of the patients, the surgical 
margins were involved by tumor.

Urinary continence was preserved in 76% of the patients. One 
patient refused surgery to correct an anastomotic stricture follow-
ing surgery and EBRT, and remained with a suprapubic catheter. 

Urinary continence after RP seemed to be correlated with 
cancer extent. When comparing continence of patients with 
measurable PSA after surgery to patients who achieved and 
maintained (> 12 months) undetectable PSA, we found that 
urinary continence was preserved in 55% of the patients with 
detectable PSA versus 100% of the patients who achieved a 
postoperative undetectable serum PSA level (  = 0.038). 

Following surgery 23 patients (62%) achieved an undetect-
able serum PSA level at 6 weeks after RP, and 14 patients (38%) 
had elevated PSA immediately after surgery [Figure 2]. Two 
patients were not evaluable due to ADT treatment before sur-
gery or immediately after. Of the 14 patients with elevated PSA, 
12 received EBRT and two received ADT. Of the 23 patients 
that achieved undetectable PSA levels, seven were treated with 
adjuvant EBRT, leaving 16 patients in follow-up during which 
4 developed BCR and were referred to salvage EBRT. Twelve 
patients, comprising 31% of the entire cohort, remained with no 
evidence of disease and received no further treatment after RP 
for an average follow-up duration of 36.3 months.

Five patients developed metastatic disease; however, during 
their follow-up period none progressed to castrate resistant dis-
ease, and no prostate cancer specific mortality occurred. There 
was a single mortality case in the entire cohort. This patient 
achieved undetectable PSA after the surgery, and no other treat-
ment for his prostate cancer was indicated. He died of pancreatic 
adenocarcinoma as a second primary, and there was no evidence 
of prostatic systemic disease at the time of death.

Three patients underwent SRP. In this small group, all 
complications were Clavien-Dindo grade 2 or lower, and con-
tinence was well preserved in two patients. All achieved free 
surgical margins with undetectable PSA level within 6 weeks 
of surgery, one patient developed BCR within 27 months, one 
patient was free of disease at 48 months of follow-up, and at 
the time of this publication, follow-up results of one patient 
were not conclusive. 



randomized controlled trial [14]. Likewise, EBRT was found 
effective for high-risk patients, especially when combined 
with ADT [15]. There is only one randomized trial comparing 
surgery with EBRT [16]. The study enrolled low- and inter-
mediate-risk patients, and found no difference in efficacy, but 
follow-up was only 10 years. A recent retrospective cohort of 
586 men with high and very high-risk prostate cancer compared 
surgery to EBRT and ADT. No significant difference in overall 
and metastasis-free survival in 5 years of follow-up was found 
[17]. It seems that the evidence, although not entirely conclu-
sive, suggests that the efficacy of surgery and EBRT is similar. 

When treating high-risk patients, physicians must also con-
sider the heterogeneity of the disease and the high chances the 
patient will need a combination of both surgery and radiation 
therapy. In this population, some patients might have organ-con-
fined disease and, therefore, most likely to be cured by a single 
modality (i.e., RP or EBRT). Others may have locally advanced 
disease with cancer cells having already spread to nearby ana-
tomic structures or pelvic lymph nodes. While there is no clear-
cut evidence that such patients are cured by any localized treat-
ment, it is plausible that a combination of surgery and radiation 
therapy may eliminate most, or the entire, tumor burden and 
prolong their disease-free interval using both forms of therapy. 
Although the benefits of such combination therapy in terms of 
overall survival are unknown, by delaying disease recurrence 
these patients will benefit from freedom from castration with 
its known morbidity, including cardiovascular events, metabol-
ic dysfunction, impaired bone density, cognitive decline, hot 
flushes, and fatigue [18].

A third group comprises patients who already have metastat-
ic disease that may not be detectable on the available imaging 
modalities [19]. These patients will benefit least from any local-
ized therapy approach. 

Both radical surgery and radiation therapy are limited in their 
ability to eradicate locally advanced prostate cancer. Given the high 
rate of extraprostatic disease, RP alone will be curative in a minori-
ty of cases, and adjuvant radiation may improve disease control for 
extraprostatic cancer deposits. Similarly, EBRT is less effective in 
treating a large tumor burden and surgery may perform better in 
abolishing the greater focus of cancer within the resected prostate. 
Unfortunately, there have not been any randomized trials to assess 
the effect of combined RP and EBRT in this clinical setting. 

When considering the morbidity of RP versus EBRT, there 
are large differences. In the short-term, RP surgery is associated 
with higher degree of urinary incontinence and erectile dysfunc-
tion, and EBRT with nocturia and hematochezia [20]. However, 
in the long-term EBRT was found to increase hospital admis-
sions, the need for minimally invasive urological procedures, 
open surgical procedures, rectal/anal procedures, and increased 
risk of secondary malignancies [21]. Furthermore, EBRT in 
high-risk patients requires the addition of ADT, with its castra-
tion related morbidity. Another consideration is that following 

Radical prostatectomy for prostate cancer was found to prolong 
overall survival, cancer specific survival, and distant-metastasis 
free survival when compared with watchful waiting in a large 



EBRT failure, salvage RP is associated with high morbidity, in-
cluding high rate of rectal injury and incontinence [10-12].

If combination therapy is contemplated, initial RP is safe and 
effective in providing ample clinical and pathological data to 
guide further treatment in a timely manner. Conversely, if an ini-
tial EBRT approach is chosen, years may elapse until the need 
for salvage surgery is evident and the course and results of RP 
in a previously irradiated field are less favorable. 

Our data showed that performing RP in selected patients with 
HRD is safe. No severe or lethal complications were encoun-
tered, most patients had an uneventful postoperative course, and 
76% of the cohort had good to complete urinary continence. 
The complications recorded were mainly transfusion of packed 
cells, anastomosis-related, or urinary incontinence. All of these 
complications are well described [22]. Our cohort had no rectal, 
ureteral, or nerve injuries and none were life threatening. Our 
cohort included three patients who had SRP. While this number 
is too small for comparisons, all of them had excellent oncolog-
ical and functional outcomes.

In a systematic review of high-risk RP [23], most series did 
not report complications rate and functional outcomes, and the 
authors noted that many of the series did not use standardized 
classification. In the few series that did report, the range of 

32%–96.2%. Considering this wide variability or reported com-
plications in other studies, our results seem within that range 
or better. In our series, no Clavien-Dindo 4–5 complications 
were observed and the continence rate was better than in most 
series. Only three series reported blood transfusion rates, all be-
low 2% rate, much lower than the rate reported in our series. In 
our experience blood transfusion rates in low-intermediate risk 
patients is also considerably lower, maybe reflecting the higher 
technical difficulty in these operations.

The short-term oncological outcomes showed that even in 
this high-risk group, 33% of tumors were found to be organ con-
fined (pT2). In 49% of cases the tumor was resected with free 
surgical margins and 79% had negative lymph nodes. On fol-
low-up, almost one-third of our patients achieved undetectable 
serum PSA level and did not need any additional treatment on 
an average follow-up of 36 months. These results are encourag-
ing that RP is a valid and safe option for these challenging cases, 
either as a solitary form of therapy or as combination. 

Our results concur with the results of the systematic review 

range 28–92.2%, positive surgical margins 18.0–62.7%, and 
positive lymph nodes in the range of 1.9–37.4%. The range of 
adjuvant and salvage EBRT was too wide (1.9–100% and 0.7–
87%, respectively) to allow any comparison. This wide range 
may also point to the heterogeneity of this high-risk group, as 
well as to the selection bias for surgery. 

It is of interest that an association was found between on-
cological and functional outcomes. This observation is encour-

aging, suggesting there is a subgroup of high-risk patients with 
exceptionally good surgical outcome in whom both oncological 
and functional results are excellent. Preoperative identification 
of such patients who may benefit the most from surgery is still 
lacking. Overweight was previously suggested as such predictor. 
Overweight and obese men with localized prostate cancer are 
more likely to be offered EBRT over surgery [24]. In men with 
intermediate- and high-risk prostate cancer, obesity was found 
to predict lymph nodes involvement, but did not correlate with 
BCR [24,25]. In our cohort the weight range was 59–99 kg, and 
patients who required single modality weighted on average 10.4 
kg less than patients who had measurable PSA levels after sur-
gery, but this observation did not reach statistical significance.

The limitations of this study are its single center retrospective 
design, a small patient cohort, and relatively short follow-up du-
ration. With time, a more mature series could shed more light on 
the factors improving our patient selection.

RP is a safe option for men with high-risk prostate cancer, offers 
good functional outcomes, and suffices as single modality in a 
significant proportion of patients. High-risk prostate cancer is 
a heterogeneous group, and predictors for functional and onco-
logical outcomes following surgery are still lacking.



The gut is ever changing, with cell turnover rates among 
the highest in the body. Diet affects whether cells self-
renew or differentiate and can also influence colorectal 
cancer risk, with Western diets increasing tumorigenesis. 
Beyaz and co-authors examined crosstalk between 
immune cells and tumor-initiating intestinal stem cells. 
They showed that a high-fat diet down-regulates major 
histocompatibility complex class II (MHC-II) expression 
in intestinal epithelial cells and stem cells. In turn, 

reduction in MHC-II expression in intestinal stem cells 
increases intestinal tumorigenesis by suppressing cross-
talk between the microbiome immune stem cells. These 
findings highlight a potentially causative role of diet in 
tumorigenesis and indicate a pathway to preventing tumor 
formation by altering MHC-II expression in premalignant 
intestinal stem cells.

Work with infectious severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2) requires high-level 
biocontainment facilities, making it important to develop 
safer molecular tools that can potentially be used under 
less stringent conditions. Self-replicating RNAs known as 
replicons have long been used to study pathogenic RNA 
viruses; however, developing replicons to study SARS-
SoV-2 has been challenging because of the large genome. 
Ricardo-Lax and colleagues used a yeast-based system 

to construct SARS-CoV-2 replicons that cannot assemble 
infectious virus because they lack the spike protein required 
for host cell entry. Transfecting cells with a spike-expressing 
plasmid and separately with the replicon generates replicon 
delivery particles (RDPs) that are only capable of one cycle 
of infection. The replicons and the RDPs can be used in 
different contexts for drug screening, and viral assays.


