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Introduction:  To investigate the use of a high-arginine 
immunonutrient supplement prior to radical cystectomy 
for bladder cancer.
Materials and methods:  We recruited 40 patients to 
consume a total of four high-arginine immunonutrient 
shakes per day for 5 days prior to radical cystectomy.  
The primary outcome measures were safety, tolerability 
and adherence to the supplementation regimen.  Ninety-
day postoperative outcomes were also compared 
between supplemented patients and a cohort of 104 
prospectively identified non-supplemented radical 
cystectomy patients.  Multivariable logistic regression 
models were used to compare overall complications, 
infectious complications, and readmission rates between  
groups. 

Results:  There were no serious adverse events 
during supplementation. Four patients (10%) stopped 
supplementation due to nausea (n = 2) and bloating (n = 2).   
Thirty-three patients (83%) consumed all prescribed shakes.  
Immunonutrient supplementation was not significantly 
associated with overall complications (adjusted odds 
ratio [OR] 1.08; 95% confidence interval [CI] 0.50-
2.33), infectious complications (OR 1.23; 95% CI 0.49-
3.07), or readmissions (OR 1.48; 95% CI 0.62-3.51) on 
multivariable analyses.
Conclusions:  Preoperative supplementation with a high-
arginine immunonutrient shake was safe and well tolerated 
prior to radical cystectomy.  Contrary to prior reports, 
immunonutrient supplementation was not associated with 
lower postoperative infectious complications in this cohort, 
perhaps owing to the 5 day supplementation period.  Further 
study is needed to identify the optimal immunonutrient 
supplement regimen for radical cystectomy patients.

Key Words: bladder cancer, cystectomy, arginine, 
dietary supplement

Accepted for publication July 2017

Acknowledgements
The project described was supported by the Shadyside Hospital 
Foundation’s Thomas H. Nimick, Jr. Competitive Research 
Fund Award.  Statistical support through the Clinical and 
Translational Science Institute was supported by the National 
Institutes of Health through Grant Number UL1-TR-001857.

Address correspondence to Dr. Tatum V. Tarin, Department of 
Urology, University of Pittsburgh Medical Center, 3471 Fifth 
Avenue, Suite 700, Pittsburgh, PA 15213 USA

invasive disease.  Unfortunately, radical cystectomy 
remains a highly morbid operation, with published 
complication rates as high as 66%.1  Nutritional 
deficiency is considered a modifiable risk factor for 
postoperative complications.1-3  Specifically, arginine, 
an amino acid essential for normal T cell function, is 
recognized as a potential supplementation target, as 
perioperative repletion of arginine has been shown 
to increase postoperative T lymphocyte function and 
may help prevent postoperative infection.4,5  Several 
randomized controlled trials show high-arginine 
immunonutrient supplementation reduces overall and 
infectious complication rates and decreases hospital 
length of stay after gastrointestinal surgery.6

However, it remains unclear if immunonutrient 
supplementation improves outcomes following radical 
cystectomy.  Two previous groups have demonstrated 
that preoperative high-arginine immunonutrient 

Introduction

Radical cystectomy is the gold standard treatment 
for patients with muscle-invasive bladder cancer 
and is indicated in some patients with non-muscle-
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supplementation is associated with fewer postoperative 
infections following radical cystectomy, though these 
studies are limited by small sample size and higher than 
expected complication rates in the control populations.  
As the optimal dose and duration of immunonutrient 
supplementation remains elusive in this population, the 
use of high-arginine immunonutrient supplementation 
is not currently standard of care prior to radical 
cystectomy.7,8 

For this reason, we conducted a pilot study to 
investigate preoperative high-arginine immunonutrient 
supplementation prior to radical cystectomy.  We 
hypothesized that supplementation would be safe, well 
tolerated, and efficacious at reducing postoperative 
infections among a cohort of patients undergoing 
radical cystectomy.  

Materials and methods

Study design
This was a phase II pilot study comparing outcomes of 
supplemented patients to non-supplemented patients.  
Although using high-arginine immunonutrition 
prior to radical cystectomy is not standard of care, 
our institutional review board did not permit us to 
perform a randomized trial, citing concerns over 
withholding a supplement shown to be beneficial in 
the gastrointestinal surgery literature.  At the time of 
protocol creation, there were no published studies 
on immunonutrition and radical cystectomy to our 
knowledge.  The study was designed to generate 
preliminary efficacy and safety data to support a future 
randomized protocol.  The University of Pittsburgh 
institutional review board approved the study 
protocol, which was also registered at ClinicalTrials.
gov (NCT02655081). 

Study population
Between October 2014 and August 2016, we 
prospectively enrolled 44 patients who underwent 
radical cystectomy at the University of Pittsburgh 
Medical Center.  Four patients were excluded from 
final analysis due to death prior to radical cystectomy 
(n = 1), unresectable disease at time of surgery (n = 1), 
and robotic-assisted laparoscopic radical cystectomy 
(n = 2), leaving a final supplementation cohort of 40 
patients.  We excluded robotic cases since there were 
no robotic surgeries in the non-supplemented group.  
The low rate of enrollment was attributable to the loss 
of a departmental study coordinator for 1 year during 
the study period; during the time when a coordinator 
was not present, patients undergoing cystectomy were 
not actively enrolled.

The comparison population consisted of a series 
of 104 consecutive patients who underwent radical 
cystectomy at our institution between January 2015 
and August 2016.  One of these patients declined 
supplementation, and the remainder were not offered 
enrollment as they were cared for during a time without 
a study coordinator. Initially a historical control group 
was planned, but due to the number of patients who 
underwent cystectomy while the protocol was open 
who did not receive supplementation, this group was 
instead used as a contemporary comparison population.

A total of four surgeons contributed patients to 
both supplemented and non-supplemented groups, 
and a fifth surgeon contributed patients only to the 
non-supplemented group.  Sensitivity analysis was 
performed due to potential for confounding from 
addition of this surgeon’s patients; outcomes were not 
meaningfully altered and therefore these patients were 
included in the final analysis to maximize statistical 
power. 

Study protocol
Patients in the supplementation cohort were asked to 
consume a total of four Impact: Advanced Recovery 

shakes (Nestlé HealthCare Nutrition, Florham Park, NJ, 
USA) per day for 5 days prior to radical cystectomy.  Each 
shake volume is 237 mL, leading to total recommended 
consumption of 948 mL/day.  This regimen was 
based upon literature suggesting that high-arginine 
supplementation with approximately 0.5-1 liter/day  
for a total of 5-7 days was efficacious at reducing 
postoperative complications, and which also showed 
that pre and postoperative supplementation offered no 
measurable benefit over pre-operative supplementation 
alone.9,10  Patients with preoperative glomerular filtration 
rate < 30 mL/min were excluded.  Use of neoadjuvant 
chemotherapy and type of urinary diversion were left 
to the discretion of the primary surgeon.  All operations 
were performed in an open fashion by high-volume, 
fellowship trained urologic oncologists; intra and 
postoperative care was provided as per our standard 
postoperative pathways.  These pathways were not 
altered during the study period; an enhanced recovery 
after surgery pathway was introduced after study 
enrollment had completed.  Aside from perioperative 
antibiotic dosing, no prophylactic antibiotics were used 
while ureteral stents were in place. 

Outcomes
The primary study outcome was safety, tolerability, 
and adherence to the supplementation regimen as 
measured through telephone conversations and 
patient-completed logs of supplement consumption.  
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Secondary outcomes included differences in 
90 day postoperative complications, infectious 
complications, readmission rates, and length of initial 
postoperative hospital stay between supplemented 
and non-supplemented patients.  Changes in weight 
or serum albumin were not measured as duration of 
supplementation was expected to be too short to alter 
these values. Infectious complications were defined as 
any use of non-prophylactic antibiotics and/or abscess 
drain placement.  Pyelonephritis was defined as fever 
> 38.5 degrees Celsius plus one additional systemic 
inflammatory response syndrome criteria (heart rate 
> 90 beats per minute, respiratory rate > 20 breaths per 
minute, or white blood cell count > 12,000 cells/mm3),  
positive urine culture, and absence of another clinically 
apparent source of infection.

Statistical analysis
Primary outcome measures are reported as frequencies 
and percentages.  Baseline clinical and pathologic 
characteristics are reported as frequencies or medians 
with interquartile range (IQR), and compared between 
supplemented and non-supplemented patients using chi-
square and Fisher’s exact tests for categorical variables 
and Mann-Whitney U test for continuous variables. 
Analysis was carried out in an intent-to-treat fashion.  
Univariate and multivariable logistic regression models 
were performed to evaluate predictors of secondary 
outcomes.  Any covariate with p < 0.2 on univariate 
analysis was included in the multivariable model as 
was immunonutrient supplementation.  To detect a 
25% absolute difference in infectious complications 
between groups, from a baseline rate of 35% to 10% in 
the supplemented group, a magnitude of difference 
previously seen in the gastrointestinal literature,9 
a sample size of 100 non-supplemented and 40 
supplemented patients was needed to achieve 80% power 
(alpha 0.05, two-tail).  Data were analyzed using SPSS, 
version 24 (IBM Corp., Armonk, NY, USA).  Significance 
was defined at the p < 0.05 level using two-tailed tests. 

Results

There were no serious adverse events reported during 
the study period.  A total of four of forty supplemented 
patients (10%) reported side effects, namely nausea 
(n = 2) and bloating (n = 2).  Thirty-three patients 
(83%) consumed all twenty prescribed shakes.  The 
remaining seven patients cited the following reasons 
for not consuming all shakes: volume too filling  
(n = 2), nausea (n = 1), forgot (n = 1), failure to return 
consumption log (n = 2) and unspecified (n = 1).  Three 
of these patients failed to provide an estimate of shake 

consumption; of the remaining four, all drank at least 
10 of the prescribed 20 shakes.

Baseline clinical and pathologic characteristics 
of the study population are reported in Table 1.  
Fifteen patients (10%) were treated with neoadjuvant 
chemotherapy, including dose-dense methotrexate, 
vinblastine, doxorubicin and cisplatin (n = 10), 
gemcitabine and cisplatin (n = 4), or etoposide and 
cisplatin (n = 1).  The experimental group was more 
likely to have an ileal conduit diversion than non-
supplemented patients (p = 0.004).  Groups were 
similar on all other measured characteristics.

Ninety-day postoperative outcomes are summarized 
in Table 2.  There were no differences between the 
supplemented and non-supplemented populations 
with regards to complication rate, infectious 
complication rate, pyelonephritis, postoperative length 
of stay, or readmission rate (all p > 0.4). 

Immunonutrient supplementation was not 
significantly associated with overall complications 
(adjusted odds ratio [aOR] 1.08; 95% confidence interval 
[CI] 0.50-2.33, Table 3), infectious complications (aOR 
1.23; 95% CI 0.49-3.07, Table 4), or hospital readmission 
(aOR 1.48; 95% CI 0.62-3.51, Table 5) on multivariable 
analyses. 

Sensitivity analysis was performed after excluding 
patients of a surgeon only represented in the non-
supplemented group.  Results of the multivariable 
models were not meaningfully changed. Specifically, 
immunonutrient supplementation did not show a 
significant relationship with infectious complications 
(aOR 1.05; 95% CI 0.38-2.93).  

Discussion

Preoperative high-arginine immunonutrient 
supplementation was found to be safe and well 
tolerated among patients undergoing radical cystectomy 
with a large majority of patients (83%) consuming all 
prescribed shakes.  In contrast to previous reports, 
immunonutrition was not associated with a decreased risk 
of postoperative complications, infectious complications, 
or hospital readmission.  The present study is the largest 
to our knowledge to investigate immunonutrient 
supplementation among radical cystectomy patients 
and contributes to a better understanding of the optimal 
immunonutrition regimen.

Arginine, an amino acid necessary for normal T 
lymphocyte function and proliferation, is an important 
component of immunonutrition.5,11,12  Surgical injury 
induces myeloid-derived suppressor cells to release 
the enzyme arginase 1, which metabolizes arginine, 
leading to a reduction in circulating arginine levels 
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TABLE 1.  Baseline characteristics of study population

 Experimental Control  p value*
 n = 40 n = 104 

Age, years, median (IQR) 70 (63-78) 69 (61-76) 0.28

Gender (%)   0.79
     Male 29 (73) 73 (70)
     Female 11 (27) 31 (30)

Race (%)   0.40
     White 37 (93) 100 (96)
     Nonwhite 3 (7) 4 (4)

Active smoker (%) 19 (48) 33 (32) 0.08

BMI, kg/m2, median (IQR) 28.1 (24.2-30) 27.8 (24.9-32) 0.50

Preoperative albumin, g/dL, median (IQR) 3.9 (3.6-4.2) 4.0 (3.8-4.3) 0.09

Charlson Comorbidity Index (%)   0.08
     0 22 (55) 40 (38)
     1 13 (32.5) 34 (33)
     2+ 5 (12.5) 30 (29)

Neoadjuvant chemotherapy (%) 6 (15) 9 (9) 0.36

Diversion type (%)   0.004
     Conduit 36 (90) 65 (63)
     Neobladder 4 (10) 34 (33)
     Continent cutaneous 0 5 (5)

Operative time, min, median (IQR) 298 (260-341) 272 (238-321) 0.06

EBL, mL, median (IQR) 600 (425-875) 600 (425-950) 0.88

Pathologic stage (%)   0.51
     Organ confined (Tis, T1-2) 24 (60) 56 (54)
     Nonorgan confined (T3-4) 16 (40) 48 (46)

Node positive (%) 9 (23) 23 (22) 0.96

Positive margin (%) 1 (3) 5 (5) 0.99
IQR = interquartile range; BMI = body mass index; EBL = estimated blood loss
*p values generated from Fisher’s exact or Pearson Chi-Square test for categorical variables and Mann-Whitney U test for 
continuous variables

within several hours of a surgical stress.5,13  This process 
results in downregulation of Th1 helper T cells, which 
play a role in killing intracellular pathogens, potentially 
leading to increased susceptibility to infection.14,15  
Immunonutrient supplements were developed 
containing high doses of arginine in addition to other 
anti-inflammatory nutrients including omega-3 fatty 
acids, nucleotides, and vitamin A in an attempt to 
modulate the body’s immunologic response to a 
surgical stress or physical injury.16

Robust  c l in ica l  ev idence  suggests  that 
immunonutrient supplementation can decrease 
infectious complication rates after gastrointestinal 
surgery.  A landmark randomized controlled trial 
of patients undergoing colorectal cancer resection 

enrolled 200 patients into one of four groups.9  Group 
1 consumed 1 liter of Impact: Advanced Recovery 
for 5 days preoperatively; group 2 took in 1 liter of 
Impact for 5 days preoperatively and the infusion 
continued through a nasojejunal tube postoperatively; 
group 3 was supplemented preoperatively for 5 days 
with a non-immunonutrition supplement; group 4 
was asked to take in a standard peri-operative diet.  
Results revealed that both immunonutrition groups 
had significantly lower postoperative infection rates 
than the non-immunonutrition groups (12% and 10% 
versus 32% and 30%, respectively, p < 0.04).  There was 
no statistical difference between the immunonutrition 
groups, suggesting that postoperative supplementation 
did not add benefit over preoperative supplementation 
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TABLE 2.  90 day postoperative outcomes

 Experimental Control p value*
 n = 40 n = 104
Complication (%)   0.84

None 18 (45) 42 (40)

Minor (Clavien 1-2) 16 (40) 43 (41)

Major (Clavien 3-5) 6 (15) 19 (18)

Infectious complication (%) 14 (35) 32 (31) 0.63

Pyelonephritis (%) 6 (15) 14 (13) 0.81

LOS, days, median (IQR) 6 (5-7) 6 (5-7) 0.84

Readmission (%) 16 (40) 34 (33) 0.41
LOS = length of stay; IQR = interquartile range
*p values generated from Fisher’s exact or Pearson Chi-Square test for categorical variables and Mann-Whitney U test for 
continuous variables

TABLE 3.  Multivariable predictors of a 90 day complication

Predictors Univariate OR [95% CI] p value Adjusted OR [95% CI] p value

Charlson Comorbidity Index  0.12  0.13
     0  Ref.  Ref.
     1 1.48 [0.69-3.17] 0.32 1.50 [0.69-3.23] 0.31
     2+ 2.50 [1.03-6.07] 0.04 2.51 [1.01-6.30] 0.05

Duration (min) 1.00 [1.00-1.01] 0.54 1.01 [0.99-1.01] 0.65

IN supplement 0.95 [0.46-2.00] 0.90 1.08 [0.50-2.33] 0.84
OR = odds ratio; CI = confidence interval; IN = immunonutrition

TABLE 4.  Multivariable predictors of an infectious complication

Predictors Univariate OR [95% CI] p value Adjusted OR [95% CI] p value

Charlson Comorbidity Index  0.06  0.09
     0  Ref.  Ref.
     1 1.77 [0.76-4.13] 0.19 1.64 [0.65-4.15] 0.30
     2+ 2.89 [1.18-7.05] 0.02 3.13 [1.13-8.61] 0.03

Serum albumin 0.43 [0.18-1.04] 0.06 0.46 [0.19-1.15] 0.10

Duration (min) 1.01 [0.99-1.01] 0.10 1.01 [0.99-1.01] 0.14

IN supplement 1.21 [0.56-2.62] 0.63 1.23 [0.49-3.07] 0.66
OR = odds ratio; CI = confidence interval; IN = immunonutrition

alone.  A systematic review composed of 2331 patients 
from 19 randomized trials found that immunonutrient 
supplementation prior to surgery for gastrointestinal 
cancers was associated with a significantly decreased risk 
of infectious complications (relative risk [RR] 0.44; 95% 
CI 0.32-0.60) and non-infectious complications (RR 0.72; 
95% CI 0.54-0.97) when compared to a standard diet.6 

Two previous studies have examined the effect 
of immunonutrition on patients undergoing 
radical cystectomy.  Bertrand et al supplemented 
30 patients with Impact: Advanced Recovery for 
7 days before radical cystectomy and compared 
postoperative outcomes to a matched cohort of non-
supplemented patients.  They found patients who 
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TABLE 5.  Multivariable predictors of readmission

Predictors Univariate OR [95% CI] p value Adjusted OR [95% CI] p value

Charlson Comorbidity Index  0.12  0.14
     0  Ref.  Ref.
     1 1.37 [0.60-3.11] 0.46 1.37 [0.56-3.35] 0.49
     2+ 2.50 [1.05-5.95] 0.4 2.67 [1.01-7.03] 0.047

Serum albumin 0.38 [0.16-0.92] 0.03 0.42 [0.17-1.03] 0.06

IN supplement 1.37 [0.65-2.92] 0.41 1.48 [0.62-3.51] 0.38
OR = odds ratio; CI = confidence interval; IN = immunonutrition

received immunonutrition had fewer postoperative 
complications (40% versus 76%, p = 0.008) and 
postoperative infections (23% versus 60%, p = 0.008).  
In 2016, Hamilton-Reeves et al randomized patients 
to supplementation with 3 shakes/day of Impact: 
Advanced Recovery  (n = 14) or a standard protein 
shake (n = 15) for 5 days before and 5 days after 
cystectomy.  No differences were found in 30 day 
complications, however there was a 33% reduction in 
overall complications (47% versus 14%, p = 0.06) and a 
39% reduction in postoperative infections (53% versus 
14%, p = 0.03) for immunonutrition patients in the late 
phase of recovery (31-90 days). 

Several factors may explain why our findings 
do not support a reduction in overall or infectious 
complications.  The present analysis is underpowered 
to find a small difference in infectious complications, 
as this was not the primary outcome of this phase 
II study.  It is worth noting that infection rates 
among controls in two prior series investigating 
immunonutrition in cystectomy (60% and 53%)7,8 are 
higher than observed in the present study (32%) and 
also higher than the 25% rate observed in a series 
of over 1,100 cystectomies.1  Higher than expected 
baseline rates of infectious complications in these 
prior analyses raises concerns that their findings may 
be due to type 1 error.  As mentioned previously, our 
study was powered to detect a 25% absolute difference 
in infectious complication rates.  Therefore, had the 
infection rate been 57% in the non-supplemented 
group and decreased to the observed rate of 32% in the 
supplemented group, a magnitude of difference seen in 
both prior cystectomy series,7,8 a significant difference 
could have been demonstrated in the present study. 

Duration of supplementation in prior studies 
was longer than 5 days – namely 7 days prior to7 
and 5 days both before and after radical cystectomy,8 
respectively – which may also account for differences 
in observed outcome.  A 5 day period was chosen 
on the basis of data in the general surgery literature 

suggesting efficacy,6,9,10 however this may not be 
directly generalizable to radical cystectomy patients 
due to the presence of ureteroenteric anastomoses, 
which may alter postoperative propensity to infection. 

In the current protocol, no postoperative 
supplementation was given, based upon data from 
gastrointestinal cancers9 in addition to concerns that 
postoperative supplementation would be difficult 
in patients with ileus.  The Hamilton-Reeves group 
used post-operative supplementation but the Bertrand 
series did not, which could have led to efficacy in the 
former study.7,8  All patients in the Bertrand series were 
treated with neoadjuvant chemotherapy, which was 
used in a minority of patients in this analysis (10%).  
Due to low sample size, a subset analysis of those who 
received neoadjuvant chemotherapy was not possible. 

These findings should be considered in the 
context of several limitations.  As with any non-
randomized protocol, a risk of selection bias from 
unmeasured confounders or unbalanced groups 
exists.  We attempted to account for this by performing 
multivariable analyses, rather than matched analyses, 
due to the relatively small non-supplemented 
population (n = 104) from which to match patients.  
Seven of the 40 supplemented patients did not 
consume all shakes, and future trials examining this 
question should account for an expected drop out 
rate when determining sample size.  Although serum 
albumin was compared, other nutritional parameters, 
such as prealbumin levels or frailty indices, were not 
tracked, as the duration of supplementation was felt 
to be too short to meaningfully influence these values, 
although these are potential sources of unmeasured 
confounding.  Neoadjuvant chemotherapy and 
robotic cystectomy are uncommonly used at our 
institution, making these findings poorly generalizable 
to populations where these therapies are more 
commonly employed.  Additionally, one of the five 
participating surgeons contributed patients only to 
the non-supplemented group.  The likely explains the 
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higher continent diversion rate as well as the shorter 
operative times in the non-supplemented group, which 
could alter risk of postoperative infection.  We chose 
to keep these patients in the final analysis in order to 
increase statistical power only after sensitivity analysis 
demonstrated no change in the outcomes of interest 
from their inclusion.  Operative time was included 
in the multivariable models and was not found to be 
independently associated with infection. 

Strengths of the current manuscript include that 
this is the largest cohort to our knowledge in which a 
high-arginine supplement prior to radical cystectomy 
has been studied and that the supplement was not 
provided by industry.  These results deepen the current 
understanding of the optimal immunonutrient regimen 
prior to radical cystectomy, suggesting that longer than 
5 days may be necessary.  In contrast to prior series, 
this analysis did not observe a reduction in overall or 
infectious complication rate after supplementation.  
While several shortcomings in this analysis may explain 
why these differences were not seen, it is also possible 
that significance in prior series are due to type 1 error 
and higher than expected complication rates in a small 
sample of unexposed patients.  An appropriately 
powered, randomized protocol with varied supplement 
duration is needed to definitively answer these questions.  
Such a protocol is currently under development.

Conclusion

A high-arginine immunonutrient supplement was 
safe and well tolerated in patients undergoing radical 
cystectomy.  When compared to non-supplemented 
patients, 5 days of preoperative supplementation did not 
decrease overall complications, infectious complications, 
or readmission rate following radical cystectomy.
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