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Abstract

Objectives—Oncologic outcomes of robotic cystectomy have focused on pathology and not on
survival endpoints. We compared pathology, recurrence, and survival in a single surgeon series of
open and robotic cystectomy since the introduction of robotic cystectomy.

Methods—We identified all patients treated by a single surgeon with radical cystectomy for
urothelial cancer from June 2007 — June 2010. Clinical, demographic, and pathologic data was
abstracted from chart review. Mortality was obtained from institutional cancer registry and chart
review. Patients were excluded from analysis for a relative contraindication to robotic surgery.
The remaining cohort of patients undergoing robotic (n=36) versus open (n=29) cystectomy with
median follow-up 12.2 months were evaluated.

Results—The robotic cohort was more likely to be older and male (p<0.05). Obesity,
comorbidity, preoperative pathology, and receipt of neoadjuvant chemotherapy were not different
between groups. Three patients had conversion from robotic to open cystectomy because of
difficult dissection. Mean surgical time was longer in robotic cystectomy (410 vs. 345 minutes,
p<0.01). Cystectomy pathology was not different for robotic versus open surgery for stage, margin
status, or mean node count (robotic: 17.0, open: 15.5). On survival analysis which accounts for
differences in follow-up time (Figure 1), robotic and open cystectomy outcomes were similar with
respect to recurrence-free, disease-specific, and overall survival (all log-rank p values >0.05). The
Kaplan-Meier estimate for 2-year outcome for recurrence-free, disease-specific, and overall
survival was 67% (95% CI: 41-83), 75% (95% CI: 53-88), 68% (95% ClI: 47-82) for robotic
cystectomy and 58% (95% ClI: 29-79), 63% (95% CI: 34-82), 63% (95% CI: 34-82) for open
cystectomy

Conclusions—Short-term oncologic outcomes were similar for open and robotic cystectomy.
Increased sample size and further follow-up are necessary before claiming equivalent long-term
survival.
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Introduction

Robotic surgery has been increasingly utilized in urologic oncology.[1] The first experience
with robotic cystectomy was reported in 2003 by Menon et al.[2] Since that time large
multi-institutional studies have demonstrated acceptable immediate pathologic outcomes
with respect to margin rate[3] and lymph node counts.[4] One limitation of these large
collaborative series is the lack of a comparison with open cystectomy, the current gold
standard for the surgical treatment of muscle invasive bladder cancer.[5]

The Institute of Medicine, based on a government mandate, recently established 100
research topics with the highest priority for comparative effectiveness research which
included “compare the effectiveness of robotic assistance surgery and conventional surgery”
in the second quartile.[6] The optimal comparison of open and robotic cystectomy would be
a randomized trial. The only published randomized comparison of open and robotic
cystectomy by Nix et al reported equivalent pathologic outcomes in a total of 41 patients,
but did not report survival data.[7] Therefore, at the current time we are limited to analysis
of observational data and there are no published reports of early oncologic outcomes
comparing open to robotic approaches.

At our institution, robotic cystectomy was implemented in June 2007; however, open
cystectomy has continued to be performed. In patients without a contraindication to robotic
surgery, the choice of surgical approach was based primarily on robotic equipment
availability which created two similarly sized cohorts. We thus evaluated a consecutive
single surgeon contemporary series of open and robotic cystectomy in a cohort of patients
who were all candidates for a robotic approach and compared pathology, recurrence, and
survival.

Material and Methods

After obtaining institutional review board approval, we used the Barnes-Jewish Hospital
Oncology Data Service cancer registry and billing codes to identify all patients with
localized urothelial bladder cancer (n=74) treated by a single surgeon (ASK) with radical
cystectomy between June 2007 and July 2010, a time period beginning with the introduction
of robotic cystectomy at our institution. We selected all patients who were offered surgery
by a robotic or open approach. Patients were excluded from analysis for a relative
contraindication to robotic surgery (5 with prior radiation, 3 for prior pelvic surgery, 1 with
BMI>50). The remaining cohort of patients had robotic (n=36) or open (n=29) surgical
approach. All patients were offered both robotic and open approaches. The primary decision
to proceed with robotic or open surgery was based on robot availability; however, patient
preference was also a factor for some patients.
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Preoperative demographic, clinical, and pathologic data was compared between groups to
evaluate for selection bias. Medical comorbidity was assessed by Adult Comorbidity
Evaluation Index-27 (ACE-27), a validated comprehensive comorbidity index developed
and validated by Piccirillo et al[8], which assigns a comorbidity severity of none, mild,
moderate, or severe based on the presence of 27 comorbid ailments.[9]

For the robotic approach, cystectomy and standard pelvic lymph node dissection were
performed robotically and all urinary diversions were performed extracorporeally. Patients
with concomitant procedure (robotic: 1 urethrectomy, 1 nephro-ureterectomy for carcinoma
in situ; open: 1 nephro-ureterectomy for T1 urothelial cancer, 1 nephro-urethrectomy for
nonfunctioning kidney) were not excluded.

Oncologic and survival data was evaluated and compared based on an intention to treat
analysis with conversions from robaotic to open included in the robotic group. There were 3
conversions to open because of difficult dissection. Postoperative follow-up and cause of
death were obtained from the institutional cancer registry which examines social security
death records and chart review. Patients were censored for recurrence type (local versus
distant) at the time of first recurrence.

Patients undergoing robotic and open cystectomy were compared using Student's t-test for
continuous data and chi square test for categorical variables with Fisher's exact test used for
categorical data with sparse data. Oncologic outcomes assessed were cystectomy and lymph
node dissection pathology, bladder cancer recurrence (local, distant), and disease-specific
mortality. Recurrence and survival data was compared with Kaplan Meier survival analysis
with log-rank test. P value of <0.05 was considered statistically significant. Statistical
analysis was performed with SAS 9.2 (Cary, NC) and SPSS 19 (Chicago, IL).

Preoperative characteristics are compared in Table 1 for patients who underwent robotic
(n=36) and open (n=29) cystectomy. The robotic group was more likely to be older and
male. Obesity, medical comorbidity, preoperative clinical stage, and receipt of neoadjuvant
chemotherapy were not different between groups.

Ileal conduit was more common in the robotic group than in the open group (29/36 v. 18/29,
p=0.10) and orthotopic neobladder was more commonly performed in the open group than
in the robotic group (11/29 v. 6/36, p=0.052). One patient in the robotic group had a
continent pouch urinary diversion. Mean surgical time (from incision to closure) was 410
minutes for robotic approach compared to 345 minutes for open (p=0.0004). When
excluding cases with urethrectomy (n=1) or nephro-ureterectomy (n=3) mean surgical time
was 60 minutes longer in robotic cystectomy than open (398 vs. 338 minutes, p=0.0002).

Blood loss was significantly less with the robotic approach (mean: 675cc vs. 1497cc,
p=0.0002). The proportion receiving intraoperative blood transfusion was 39% (14/36) in
robotic and 83% (24/29) in open (p=0.0004). In patients who received a blood transfusion,
the mean number of units transfused was 2.1 units in robotic and 3.0 units in open (p=0.11).
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The mean length of hospital stay was shorter in the robotic approach but it did not reach
statistical significance (7.9 days in the robotic group vs. 9.6 days in the open group, p=0.16).

Surgical pathology from cystectomy and receipt of adjuvant chemotherapy were not
different for robotic versus open surgery (Table 2). The positive surgical margin rate for
pathologic T2 or lower disease was 0% for both robotic and open cystectomy. Lymph node
counts were similar for each approach. If the robotic conversions to open (n=3) are excluded
because the node dissection was performed open, lymph node dissection performed
robotically were similar to open (17.3 vs. 15.5, p=0.36). Two of the three conversions from
robotic to open had extravesical and positive nodal disease on final pathology. The other
conversion had a prior history of bladder perforation during transurethral resection at an
outside institution and cystectomy pathology was T1 high grade with negative surgical
margins and lymph nodes.

The median follow-up was 12 months in both treatment groups (mean: 14 months, IQR:
8-20 months). Recurrence in robotic and open approaches was 28% (10/36) and 24% (7/29),
respectively. Local recurrence occurred in 11% (4/36) of robotic and 3% (1/29) of open.
Distant recurrence was observed in 22% (8/36) of robotic and 21% (6/29) of open
cystectomy patients. Two patients who underwent robotic approach recurred with concurrent
local and metastatic disease. On survival analysis which accounts for differences in follow-
up time (Figure 1), robotic and open cystectomy outcomes were similar with respect to
recurrence-free, disease-specific, and overall survival (all log-rank p values >0.05). The
Kaplan-Meier estimate for 2-year outcome for recurrence-free, disease-specific, and overall
survival was 67% (95% Cl: 41-83), 75% (95% CI: 53-88), 68% (95% ClI: 47-82) for robotic
cystectomy and 58% (95% CI: 29-79), 63% (95% ClI: 34-82), 63% (95% CI: 34-82) for open
cystectomy.

The primary outcome of importance in extirpative surgery for bladder cancer is cancer
control and subsequent survival. The relationship between high quality surgery and
improved outcome in radical cystectomy has been an area of focus.[10] In an effort to
establish standards for surgical quality, Herr and the Bladder Cancer Collaborative Group
proposed standards for radical cystectomy and pelvic lymph node dissection of positive
margin rate <10% and a median of 10 to 14 lymph nodes retrieved[11] One of the concerns
with implementation of a new technology like robotic surgery is that patients may be
harmed during the learning curve. However, at the start of robotic cystectomy at our
institution, both robotic and open cystectomy met the pathology-based benchmarks for
margin status and node dissection.

With respect to oncologic outcome, short-term pathologic outcomes have been the focus of
most published robotic series, which have reported positive surgical margin rates of 0-8.6%
from single institution data[2,12-16] and 6.8% in the multi-institutional IRCC[3].
Substantial concerns have existed over the ability to perform an adequate lymph node
dissection robotically. However, reported series found median lymph node yield of 16-19 in
single institution series[12-14,16] and 17 in the IRCC.[4] The possibility exists of
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publication bias against robotic series with less robust pathologic outcomes, but the
available data thus far during early adoption of robotic cystectomy strongly supports
adequate margin rate and node dissection with robotic cystectomy.

Recently, robotic cystectomy series have matured to allow reporting on the outcomes of
recurrence and survival. Dasgupta et al reported 10% bladder cancer mortality in a series of
20 patients with a median follow-up of 23 months.[16] Pruthi et al reported on 100
consecutive robotic cystectomy cases. At a median follow-up of 18 months the cancer
recurrence rate was 15% and 6% had died.[13] Hayn et al reported on their 164 robotic
cystectomy cases, and at a median follow-up of 8 months death occurred in 27%.[15] In the
robotic group in our series (median follow-up of 12.3 months) recurrence occurred in 28%,
bladder cancer mortality was 19%, and all-cause mortality was 25%. Longer oncologic
follow-up to five years and beyond is not yet available for robotic cystectomy, however,
shorter term outcomes have been reported to be potential intermediate surrogates for 5-year
survival.[17]

The performance of comparative effectiveness research, which has received increased
attention by the Institute of Medicine, requires the presence of a comparison group. Our
series evaluated pathologic outcomes, recurrence, disease-specific survival, and overall
survival in a direct comparison to open cystectomy. We found the available oncologic
outcomes were similar for robotic cystectomy and open surgery. One concern in the
evaluation of a robotic cystectomy series is selection bias as surgeons whom institute the
robotic approach may be more apt to choose younger and healthier candidates. Our series
compared the oncologic outcomes of patients undergoing robotic and open cystectomy in
groups with similar characteristics as the practice during this time was to offer robotic or
open approach to patients without prior radiation or pelvic surgery. Even though this was not
a prospective randomized comparison, the two groups in our study appeared to have similar
preoperative characteristics with a trend toward less favorable characteristics in the robotic

group.

To our knowledge, thus far other direct comparison studies of robotic and open cystectomy
are limited to pathologic outcomes without subsequent follow-up data. Institutional non-
randomized reports have included Wang et al[18] series (n=54; 33 robotic) and Richards et
al[12] series (n=70; 35 robotic) which both reported similar pathologic outcomes. One series
has performed prospective randomized comparison of robotic (n=21) versus open (n=20)
cystectomy and this study reported similar pathologic outcomes without follow-up data
reported.[7]

Our data showed no effect on oncologic outcomes of the initial portion of the learning curve
during implementation of robotic cystectomy. Notably, the operating surgeon was an
experienced urologic oncologist with experience in open cystectomy and robotic
prostatectomy. Hayn et al evaluated a group of 21 surgeons performing robotic cystectomy
and found that experienced robotic surgeons had higher lymph node yields while surgical
margin status was not affected.[19]
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Our experience thus far has shown similar oncologic outcomes of robotic and open
cystectomy. The optimal choice of surgical approach remains unsettled. In our series,
robotic surgery was associated with lower blood loss and transfusion but longer operative
times and no statistically significant change in hospital stay. Other outcomes including cost,
complication rate, postoperative recovery, functional outcomes, ureteral stricture rates, and
patient satisfaction must also be considered when comparing techniques.

Limitations are inherent to this retrospective study. With respect to study design, we selected
patients who were candidates for either approach to avoid bias against the open approach.
Our robotic and open cystectomy groups appeared similar but a randomized trial of open
versus robotic cystectomy would be the ideal study design to compare surgical techniques.
Additionally, our study may be underpowered to detect small differences in outcomes, as
evidenced by the wide confidence intervals on survival analysis. Larger sample sizes from
multi-institutional cohorts are needed. Our goal was to evaluate all available comparable
patients during a contemporary cohort to see if the early oncology outcomes indicated an
inadequacy of the robotic approach, but we were unable to identify any differences in our
cohort. Multivariate analysis would not be informative due to the lack of differences in our
robotic and open cystectomy group.

Our patients had a median follow-up of 12 months due to the recent introduction robotic
cystectomy. While this is limited follow-up, to our knowledge, ours is the first series to
report survival outcomes in a series with open and robotic cystectomy performed by the
same surgeon. Even in the case of robotic prostatectomy, which was adopted several years
before robotic cystectomy, recent reports[20] of oncologic outcomes may still have median
follow-up of less than a year. Although Sonpavde et al[17] reported that shorter term
oncologic follow-up is an acceptable surrogate for five-year data, a longer follow-up period
with a larger sample size preferably in the context of a randomized trial will be needed to
establish equivalence.

Conclusions

Early oncologic outcomes were similar for robotic and open cystectomy. Increased sample
size and further follow-up are necessary before claiming equivalent long-term survival.
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Figure.
Kaplan-Meier survival analysis of recurrence-free (1A), disease-specific (1B), and overall

survival (1C) after robotic and open radical cystectomy.
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Table 1

Preoperative characteristics of patients undergoing radical cystectomy
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Robotic (n=36) Open (n=29) p value
Gender (%) <0.01
Female 5(14) 13 (45)
Male 31 (86) 16 (55)
Median age, years (IQR) 72 (67-77) 67 (57-79) 0.04
Median body mass index (IQR)  27.7 (24.1-31.4)  26.2 (22.6-29.0) 0.07
Comorbidity Index (%) 0.18
None 9 (25) 4 (14)
Mild 10 (28) 14 (48)
Moderate 8(22) 8(28)
Severe 9 (25) 3(10)
Clinical stage (%) 0.60
CIS, TaHG 5 (14) 5 (17)
T1 high grade 6 (17) 4 (14)
T2 23 (66) 20 (69)
T4a 2 (6) 0 (0)
Neoadjuvant chemotherapy (%) 0.39
Yes 2(6) 4(14)
No 34 (94) 25 (86)

IQR=Interquartile range
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