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Hospital readmissions for patients with prostate 
cancer are higher after radiotherapy than after 
prostatectomy
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Purpose: To compare hospital readmissions, biochemical recurrence rates, incidence of metastasis, and cancer-specific and overall 
mortality for prostate cancer patients undergoing radiotherapy vs. radical prostatectomy. The secondary outcome was to identify 
patient and disease characteristics affecting physician’s choice of either therapy.
Materials and Methods: A total of 297 patients diagnosed with prostate cancer between 2008 and 2014 were identified from a 
single academic center’s cancer database. Clinical information including age, ethnicity, comorbidities, prostate-specific antigen, 
Gleason score, stage, National Comprehensive Cancer Network (NCCN) risk group, biochemical recurrence, hospital readmissions, 
and survival outcomes were gathered and analyzed from ambulatory medical records until 2018.
Results: Patients selected for radiotherapy were older and had more comorbidities and NCCN high-risk disease. Biochemical recur-
rence was higher after radical prostatectomy for locally advanced disease, 59.3% vs. 20.0% (p<0.001), favoring radiotherapy. Hos-
pital readmission was higher for patients with locally advanced disease undergoing radiotherapy, 48.6% vs. 18.5% (p=0.002), and 
35.2% vs. 19.7% (p=0.044) for those with localized disease, with most of these readmissions occurring 24 months after the initial 
therapy. Radiation proctitis and colitis were the most common complications after radiotherapy and accounted for 46.3% of read-
missions.
Conclusions: Selection of patients for radiotherapy instead of surgery was influenced by age, significant comorbidities, and NCCN 
high-risk disease. The incidence of treatment- or cancer-related hospital readmissions was significantly higher for patients under-
going radiotherapy compared with radical prostatectomy, especially for those with locally advanced prostate cancer. This informa-
tion may be useful in guiding a patient’s choice of therapy.
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INTRODUCTION

In the post-ProtecT trial [1] era, we now know that pros-
tate cancer–specific and overall survival at 10 years are 
equivalent for both surgery and radiotherapy. Choosing be-

tween these therapies has become more nuanced and the al-
most equivalent outcomes with watchful waiting for low-risk 
prostate cancer [2] has reinforced the risks of overtreatment 
and the morbidity of the therapies that we recommend. It is 
the task of the managing physician to guide patients toward 
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an informed choice between radiation and surgery for those 
with intermediate, high-risk, and locally advanced disease. In 
this regard, patient factors, disease factors, and the adverse 
effect profiles of each therapy are important considerations 
[3].

Patient-reported quality of life data with a 6-year follow-
up have been reported from the cohort of men recruited for 
the ProtecT trial [4]. The findings of this study suggested 
that sexual function and urinary continence were worse in 
men undergoing prostatectomy and that bowel function was 
worse in men undergoing radiotherapy with no significant 
difference in general health-related or cancer-related qual-
ity of life between treatment choices. Although these data 
do provide a broad overview of the adverse effects that pa-
tients can expect from either therapy, they do not provide 
insight into the severe complications with either therapy. 
Also, this study was performed in a heavily prostate-specific 
antigen (PSA)-screened population and included only local-
ized prostate cancer. It is currently unanswered whether the 
adverse effects of either therapy are different for locally ad-
vanced prostate cancer, the incidence of which is higher in 
many Asian countries that do not perform population-based 
screening. Severe complications requiring hospital admission 
have also not been previously compared between radiothera-
py and surgery.

In this academic, single-center retrospective cohort study 
of patients with prostate cancer, we compared outcomes be-
tween surgery and radiotherapy for patients with localized 
or and locally advanced prostate cancer, in terms of bio-
chemical recurrence (BCR) rates, hospital readmission rates, 
incidence of metastases, prostate cancer–specific mortality, 
and overall mortality. We also sought to identify the patient 
and disease characteristics that were the primary determi-
nants of a physician’s choice between radiotherapy and sur-
gery.

MATERIALS AND METHODS

The National University Hospital Cancer Registry Da-
tabase was used to identify patients who were diagnosed, 
treated, and followed up for prostate cancer at National 
University Hospital (Singapore) between January 1, 2008 
and December 31, 2014. Demographic details and clinical 
information including age, ethnicity, comorbidities, serum 
PSA, Gleason score, histopathologic stage, National Compre-
hensive Cancer Network (NCCN) risk group [5], BCR, hospi-
tal readmissions, and survival outcomes were gathered from 
ambulatory medical records up until June 2018. As this was 
a study performed retrospectively from a database without 

patient contact, our institution ethics board allowed for a 
waiver of consent for this particular study and the study 
was ethics approved. It would be inaccurate for us to state 
that informed consent was obtained from all participants. 
The study was approved by the National Healthcare Group 
Domain Specific Review Board (NHG DSRB Reference: 
2018/00360).

Our primary outcomes were BCR rates, hospital readmis-
sion rates, incidence of metastasis, prostate cancer–specific 
mortality, and overall mortality arising from the choice of 
primary intervention. Secondary outcomes were identifying 
patient demographics and disease characteristics affecting 
the choice of therapy.

We identified a total of 297 patients with clinically local-
ized (clinical stage ≤T2c) or locally advanced (clinical stage 
T3/T4 or presence of nodal disease) prostate cancer between 
2008 and 2014 who underwent either radiation therapy or 
radical prostatectomy. Patients who underwent active sur-
veillance, underwent watchful waiting, or had metastasis at 
the time of presentation were excluded.

We defined BCR according to the criteria set out by the 
EAU-ESTRO-ESUR-SIOG guidelines 2018 [6] on prostate can-
cer as two consecutive PSA values of >0.2 ng/mL and a ris-
ing PSA trend after radical prostatectomy or a PSA increase 
of ≥2 ng/mL above the PSA nadir after radiation therapy. 
Metastatic progression was defined as new metastatic dis-
ease detected on either technetium-99 bone scan or on cross-
sectional imaging.

1. Radical prostatectomy and radiotherapy  
methods
Three different surgical techniques were used: open, 

laparoscopic, and robot-assisted radical prostatectomy, all via 
the retropubic approach described by Walsh [7]. A nerve-
sparing operation was done at the discretion of the individu-
al surgeons. The decision to undertake a minimally invasive 
or an open approach was at the discretion of the individual 
surgeons. Bilateral pelvic lymphadenectomy of the obtura-
tor, internal iliac, and external iliac nodes was performed for 
all patients with NCCN high-risk or intermediate-risk dis-
ease with a Briganti score of more than 5%. Histopathologic 
staging was performed on all resected prostate specimens to 
determine surgical margins, extraprostatic extension of the 
tumor, and the presence of positive lymph nodes. All radical 
prostatectomy samples were centrally reviewed at our insti-
tution’s multidisciplinary tumor board.

Two different types of radiotherapy treatments were 
used in the management of prostate cancer: external beam 
radiotherapy (EBRT) alone or EBRT with high-dose-rate 
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(HDR) brachytherapy boost. EBRT monotherapy was deliv-
ered using three-dimensional (3D)-conformal radiotherapy to 
the prostate. The radiation dose received in standard EBRT 
was 78 Gray (Gy) and was administered in 2-Gy fractions 
over 39 cycles.

Patients who received EBRT with HDR brachytherapy 
boost received 45 to 50 Gy in 20 cycles via 3D-conformal ra-
diotherapy and 19 Gy over 2 fractions of HDR brachythera-
py via transperineal sheath insertion into the prostate with 
administration of iridium-192. Patients with intermediate-
risk disease were concurrently treated with 6 months of ad-
juvant androgen-deprivation therapy (ADT) and those with 
high-risk disease were treated with 3 years of ADT.

2. Statistical methods
Continuous data are expressed as median (interquar-

tile range [IQR]) whereas discrete data are presented as a 

number and percent. The Mann–Whitney test was used for 
continuous variables and γ2 or Fisher’s exact test for cat-
egorical variables to investigate differences in distributions 
of patient and tumor characteristics by treatment groups. 
Cox proportional hazard regression models were used to 
determine cancer-specific and overall survival. Adjustment 
for potential confounders of mortality such as age, NCCN 
risk group, clinical stage, and Charlson Comorbidity score 
were adjusted for by use of a proportional hazards model. 
Overall survival and disease-free progression for each treat-
ment group and the statistical significance was determined 
with the log-rank test. All statistical analysis was performed 
using the Statistical Package for the Social Sciences (SPSS) 
version 22 (IBM Corp., Armonk, NY, USA). Statistical sig-
nificance was set at a p-value of <0.05.

Table 1. Baseline patient demographics and disease characteristics stratified by stage of disease and treatment type

Characteristic
Locally advanced disease Localized disease

Surgery 
(n=54)

Radiotherapy 
(n=35)

p-value
Surgery 
(n=66)

Radiotherapy 
(n=142)

p-value

Age (y) 64.0 (60.0–69.0) 70.0 (63.0–76.5) <0.001 64.0 (61.0–68.8) 70.5 (65.0–75.0) <0.001
Ethnicity 0.177 0.426
    Chinese 43 (79.6) 25 (71.4) 54 (81.8) 119 (83.8)
    Others 11 (20.4) 10 (28.6) 12 (18.2) 23 (16.2)
Charlson Comorbidity Index 0.02 0.004
    ≤10 29 (53.7) 10 (28.6) 30 (45.5) 36 (25.4)
    >2 25 (46.3) 25 (71.4) 36 (54.5) 106 (74.6)
NCCN risk group >0.999 <0.01
    Low 0 (0.0) 0 (0.0) 12 (18.2) 15 (10.6)
    Intermediate 0 (0.0) 0 (0.0) 9 (13.6) 18 (12.7)
    High 54 (100.0) 35 (100.0) 45 (68.2) 109 (76.8)
Gleason score 0.006 <0.001
    <6 3 (5.6) 5 (14.3) 18 (27.3) 35 (24.6)
    7 37 (68.5) 12 (34.3) 46 (69.7) 59 (41.5)
    8–10 14 (25.9) 18 (51.4) 2 (3.0) 48 (33.8)
Initial PSA (ng/mL) 0.181 <0.001
    <10 21 (38.9) 11 (31.4) 47 (71.2) 41 (28.9)
    10–20 17 (31.5) 7 (20.0) 13 (19.7) 43 (30.3)
    >20 16 (29.6) 17 (48.6) 6 (9.1) 58 (40.8)
Radical prostatectomy - -
    Open 28 (51.9) NA 17 (25.8) NA
    Laparoscopic 2 (3.7) NA 2 (3.0) NA
    Robotic 24 (44.4) NA 47 (71.2) NA
Radiation therapy - -
    EBRT NA 26 (74.3) NA 104 (73.2)
    Brachytherapy NA 5 (14.3) NA 27 (19.0)
    EBRT+brachytherapy NA 4 (11.4) NA 11 (7.7)

Values are presented as median (range) or number (%).
NCCN, National Comprehensive Cancer Network; PSA, prostate-specific antigen; EBRT, external beam radiotherapy; NA, not available.
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RESULTS

Of the 297 men included in the study, 120 (40.4%) under-
went surgery and 177 (59.6%) underwent radiation therapy. 
The mean age at diagnosis was 67.6 years. The median fol-
low-up duration was 5.1 years (range, 3.4–9.8 y). Table 1 pres-
ents the demographic and disease characteristics of the men 
in each treatment group. The proportion of men with locally 
advanced disease in our cohort was 30.0%, compared with 
16.3% in a contemporary series [8] from the West, probably 
because of the lower rate of PSA screening. Patients who 
received radiation therapy were older (median 70.0 years vs. 
64.0 years, p<0.001), had more comorbidities with Charlson 
Comorbidity Index >2 (p=0.02), and were more likely to have 
NCCN high-risk disease (p<0.01).

With a median follow-up duration of 5.1 years, death due 
to prostate cancer was rare, occurring in 2.4% of patients 
(Table 2). There was no significant difference in prostate 
cancer–specific mortality between radiation and surgery 
(hazard ratio [HR], 0.18; 95% confidence interval [CI], 0.03–3.94; 
p=0.32). All-cause mortality was higher in the radiotherapy 
group than in the surgery group (Table 2). However, after 
adjustment for the confounding covariates of age and co-
morbidities, this effect was not statistically significant (HR, 
0.36; 95% CI, 0.12–1.14; p=0.08). There was no significant dif-
ference in the incidence of metastatic disease between the 
groups (locally advanced disease, p=0.275; localized disease, 
p=0.409).

The incidence of BCR was higher after radical prosta-
tectomy for men with locally advanced disease. The BCR 
rate per 1,000 person-years was 207.0 after surgery compared 
with 46.7 after radiation (p<0.001). In the cohort with clini-
cally localized disease, there was no significant difference 
in the incidence of BCR (p=0.897) between the radiotherapy 
and surgery groups.

A total of 30.3% of patients were readmitted for prostate 
cancer and treatment-related complications over the median 
5.1 years of follow-up. The proportion of patients readmit-
ted to the hospital was higher for patients undergoing ra-
diotherapy than surgery, 48.6% vs. 18.5% (p=0.002) for those 
with locally advanced disease and 35.2% vs. 19.7% (p=0.044) 
for those with localized disease, respectively. Radiation proc-
titis and colitis were the most common complications after 
radiotherapy, occurring in 17.5% of all patients and account-
ing for 46.3% of readmissions (Table 3). Urethral strictures 
were the most common complication after radical prostatec-
tomy, occurring in 5.0% of all patients and accounting for 
26.1% of readmissions (Table 4). In the first 24 months after 
treatment, more hospital readmissions were seen in the 

radical prostatectomy group than in the radiation therapy 
group, but this trend reversed with late hospital readmis-
sions being significantly greater in the radiation therapy 
group (p=0.005) (Fig. 1). In the first 12 months after primary 
therapy, the hospital readmission rate after radical prosta-
tectomy was 12.5% compared with 3.4% after radiotherapy.

DISCUSSION

Consistent with demographic trends in other obser-
vational prostate cancer studies [9-11], patients who were 
selected for radiation therapy were older, had more comor-
bidities, and had a greater proportion of NCCN high-risk 
disease. These seem to be the major factors that influence a 
physician’s choice of treatment between the two treatment 
modalities.

There was a statistically significant difference in BCR in 
men with locally advanced disease, favoring radiation over 
surgery. This difference was not seen in men with localized 
disease. It is more common for men with locally advanced 
disease undergoing radical prostatectomy to have positive 
surgical margins, which might be the initial focus for local 
recurrence. Although not captured in our data, a proportion 
of patients initially thought to have intermediate localized 
risk disease on the basis of initial clinical staging might not 
have undergone lymph node dissection at the time of pros-
tatectomy. These patients may be pathologically upstaged to 
T3a or higher after prostatectomy. Micro-metastatic nodal 
disease might be an explanation for this BCR compared 
with patients presenting upfront as clinical T3a or higher, in 
whom EBRT to the prostate and pelvic nodes would be more 
likely to cover all malignant cells within the radiation field.

Of the 54 patients in our study with pathologically sta-
ged locally advanced prostate cancer, 28 (51.9%) were clini-
cally staged to have localized disease initially and were 
upstaged after surgery. Twenty-four of these patients had 
clinical staging by magnetic resonance imaging of the pros-
tate and 4 by computed tomography imaging. Comparing 
pathological stage T3a or higher after prostatectomy with 
clinical stage T3a or higher with radiation therapy would 
seem an intuitive limitation, because radiologically evident 
T3 disease might imply a higher disease burden. However, 
there is no evidence that there is a difference in prognosis 
between macroscopic and microscopic T3a prostate cancer. 
Furthermore, in this series, patients treated with radiothera-
py had a longer time to BCR than did those who underwent 
surgery.

One potential criticism for the difference in BCR was 
that 88.1% of men in the radiotherapy group had received 
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adjuvant ADT, which may have masked early cancer pro-
gression or cancer persistence. However, this alone is an 
insufficient explanation because the maximum duration of 
ADT was 3 years for men with NCCN high-risk prostate 
cancer. The duration of our study’s median follow-up was 
5.1 years (range, 3.4–9.8 y), meaning that all patients were 
outside this ADT window at the time of analysis. Also, there 
was no statistically significant difference in BCR among 
men with localized prostate cancer even though 76.8% had 
NCCN high-risk disease and had also received 3 years of ad-
juvant ADT with radiotherapy.

The difference in BCR did not translate into a differ-
ence in prostate cancer–specific survival or overall survival 
in our study. The increased overall mortality seen in the 
radiation therapy group initially was not found to be sta-
tistically significant after adjustment for the covariates of 
age and comorbidities. Given the long natural history of 
prostate cancer, meaningful differences in cancer-specific 
and overall survival are unlikely to be seen with the short 
5.1-year follow-up duration of our study, which we recognize 
as one of its limitations. Even studies with longer follow-up 
such as the ProtecT trial [1] failed to show a significant dif-
ference in overall or cancer-specific mortality after 10 years. 
At least 15 to 20 years of follow-up data is probably required 
to show differences in oncologic survival, if  any, between 
radiotherapy and surgery for prostate cancer. At present, 
only the adverse effects of therapy, age, comorbidities, and 
the technical likelihood of complete resection can be used to 
guide the decision between radiotherapy and surgery.

The 5-year hospital readmission rate was higher for pa-
tients undergoing radiotherapy than for those undergoing 
radical prostatectomy, which suggests that severe adverse 
effects are more common among patients treated with radio-
therapy. Concerning readmission, 48.6% vs. 18.5% with locally 
advanced cancer were readmitted and 35.2% vs. 19.7% with 
localized cancer were readmitted after radiotherapy com-
pared with radical prostatectomy, respectively. Our finding 

Table 3. Reasons for hospital readmission after radiotherapy

 Admission reason Number of cases
Proportion of total 

readmissions, % (n=67)
Proportion of total 

patients, % (n=177)
Total readmissions 67 - 37.9
Radiation proctitis/colitis (RTOG grade 2/3/4) 31 46.3 17.5
Radiation cystitis (RTOG grade 3/4) 12 17.9 6.8
Urethral stricture 8 11.9 4.5
Urinary retention 8 11.9 4.5
Metastasis-related symptoms 4 6.0 2.3
Others 4 6.0 2.3

RTOG, Radiation Therapy Oncology Group.

Table 4. Reasons for hospital readmission after radical prostatectomy

 Admission reason Number of cases
Proportion of total 

readmissions, % (n=23)
Proportion of total 

patients, % (n=120)
Total readmissions 23 - 19.2
Urethral stricture 6 26.1 5.0
Infection 5 21.7 4.2
Metastasis-related symptoms 3 13.0 2.5
Lymphocele 2 8.7 1.7
Urinary retention 1 4.3 0.8
Others 6 26.1 5.0
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of radiation-induced bowel complications as one of the most 
common causes of morbidity after radiotherapy, occurring 
in 17.5% of patients and accounting for 46.3% of all readmis-
sions, is in keeping with the broader literature. Radiation 
Therapy Oncology Group (RTOG) bowel complications of 
grade 2 or higher are reported with an incidence of 15% [12]. 

Of the patients treated with radical prostatectomy, 9 of 
66 patients with localized disease and 26 of 54 patients with 
locally advanced disease had salvage or adjuvant radiother-
apy in our series. This could be a confounder in determining 
the cause of readmission in these patients. In our detailed 
analysis of the causes of readmission in radical prostatec-
tomy patients, only urethral strictures and urinary reten-
tion were attributable to either surgery or radiotherapy. Of 
the six patients in this group (see Table 4) who developed 
urethral strictures, five did not receive radiotherapy and 
one developed a stricture before salvage radiotherapy. The 
one patient who developed urinary retention in the prosta-
tectomy series did not receive radiotherapy. Only one of the 
patients in this series who developed BCR after primary ra-
diotherapy underwent a salvage prostatectomy and had no 
hospital readmissions.

The decision to admit a patient for treatment-related 
complications was at the discretion of individual physicians. 
Also, this study reflects the practices of a single institution. 
These limitations may affect the generalizability of our re-
sults.

In our study, we anticipated and found baseline dif-
ferences in median age (70.0 vs. 64.0 y) and the number 
of comorbidities in patients undergoing radiation therapy 
compared with surgery. To mitigate the potential impact of 
these confounders on hospital readmissions, the study was 
designed to include only readmissions strictly related to can-
cer or cancer therapy.

One of the largest studies on quality of life in men with 
localized prostate cancer after prostate cancer treatment 
reported worse sexual function and urinary continence in 
men undergoing prostatectomy and worse bowel function in 
men undergoing radiotherapy with no overall differences in 
quality of life between treatments [4]. This study included 
only localized prostate cancer patients and thus it is hard 
to extrapolate the findings to those presenting with locally 
advanced disease. Singapore, like many other countries in 
Asia, does not practice population-based PSA screening and 
the proportion of  men with locally advanced disease in 
our cohort, at 30.0%, is comparatively higher than in many 
Western populations [8]. We found that cancer-related re-
admission rates for patients with locally advanced cancer 
undergoing radiotherapy are significantly higher than for 

those undergoing surgery. The increased radiation field to 
these patients to cover the pelvic lymph nodes may contrib-
ute to increased bowel and bladder adverse effects.

In the first 24 months after therapy, more hospital re-
admissions were seen in the radical prostatectomy group 
than in the radiation therapy group, with this trend revers-
ing after 24 months. The majority of surgical complications 
requiring readmission, such as infection or lymphocele, tend 
to present early. Urethral or anastomotic strictures are also 
more likely to develop within the first 2 years after surgery. 
This is in contrast to the complications of radiation therapy 
such as radiation cystitis or proctitis, which may not develop 
until many years after surgery. The long latent “silent in-
terval” before the adverse effects of radiotherapy manifest 
typically ranges from months to several years. It is thought 
to be due to the target cell hypothesis, which postulates that 
irreversible cellular damage expresses itself in due course as 
radiated cells attempt mitosis, experience mitotic death, and 
subsequently compromise organ function over time [13]. The 
higher delayed readmissions seen in patients who under-
went radiotherapy in this study demonstrate this.

One limitation of our study is that the 85.7% of our pa-
tients who underwent radiotherapy received EBRT using 
3D-conformal radiotherapy as this was standard of care at 
the time. In the last decade, many centers have transitioned 
to the use of intensity-modulated radiotherapy, which has 
been shown in some series to reduce gastrointestinal toxic-
ity with a reported reduction in incidence of 4.9 vs. 6.5 per 
100 person-years (adjusted HR, 0.66) [14]. Thus, the reported 
frequency of radiotherapy adverse effects could be overes-
timated in our series compared with a more contemporary 
cohort.

Urology department audits often focus on complica-
tions and readmissions related to surgery. It becomes easy to 
underestimate the frequency and severity of complications 
when they happen years after the conclusion of therapy or 
when the most common reason for hospitalization, radiation 
enteritis, leads to admission under the colorectal department. 
This study puts into perspective the proportion of patients 
affected and the potential severity of radiotherapy adverse 
effects.

CONCLUSIONS

Selection of patients for radiotherapy instead of surgery 
was influenced by age, significant comorbidities, and NCCN 
high-risk disease. The incidence of BCR was significantly 
lower for patients with locally advanced prostate cancer 
undergoing radiotherapy compared with radical prostatec-
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tomy, but this did not translate into a difference in overall 
or cancer-specific survival at a median follow-up of 5 years. 
The incidence of treatment- or cancer-related hospital read-
missions was significantly higher for patients undergoing 
radiotherapy, especially for those with locally advanced 
prostate cancer. The majority of readmissions occurred after 
24 months from the initial therapy, most commonly from 
radiation proctitis or colitis. This information may be useful 
in guiding a patient’s choice of therapy.
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