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Abstract

Objectives: To compare utilization trends and time-changes in perioperative out-
comes of robot assisted radical cystectomy (RARC) in American (AC) and European
centers (EC).

Materials and methods: retrospective evaluation of 2,401 patients treated with
open radical cystectomy (ORC) and RARC for bladder cancer at 12 AC and EC be-
tween 2006 and 2018. Kruskal-Wallis and Chi-square test evaluated differences be-
tween continuous and categorical variables.

Results: Overall, 49.5% of patients underwent RARC and 51.5% ORC. RARC be-
came the most commonly performed procedure in contemporary patients with an in-
crease from 29% in 2006-2008 to 54% in 2015-2018 (p<0.001). In AC, the use of
RARC was higher than ORC since 2006 and remained stable over time whereas in
EC its use increased exponentially from 2% to 50%. In both groups RARC patients
had less advanced T stages (p<0.001), ASA scores (p<0.05), lower blood loss
(p=0.001) and shorter length of stay (p<0.05). No differences were found in early
complications. Early readmissions- and reoperations-rates were worse for patients
treated with RARC in EC. However, when contemporary patients only were consid-
ered, the statistical significances were lost.

Conclusion: Our study reveals that the use of RARC has constantly increased since
its introduction, overtaking ORC in the most contemporary series. While RARC was
more frequently performed than ORC since the beginning in AC and remained sub-
stantially stable over time, its use exponentially increased in the EC. The different
trend in use and time-changes of peri-operative outcome between AC and EC can

be attributed to the earlier introduction and spread of RARC in AC compared to the
European ones.

Introduction

Bladder cancer (BCa) is the ninth most common cancer worldwide and the 13"
in term of yearly mortality from cancer [1],[2] . Open radical cystectomy (ORC) with
bilateral pelvic lymph node dissection (PLND) is the standard surgical approach for
treating very high-risk non-muscle invasive and non-metastatic, muscle invasive
urothelial BCa [3]. Despite application of enhanced recovery programs [4], this com-
plex procedure remains associated with high rates of peri-operative morbidity, read-
mission and mortality [5]. Growing literature supports the use of robotic assisted rad-

ical cystectomy (RARC) that has shown reduced blood loss, need of transfusions
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and length of hospitalization compared to ORC [6],[7],[8],[9],[10],[11],[12],[13].
Whereas the difference in oncological outcome between ORC and RARC has been
cause of debate for a long time [10],[14] the results of the RAZOR trial [15] support
the hypothesis that RARC is non-inferior to ORC considering 2-year progression-free
survival rates. Even though debate regarding benefit of RARC is still open, its use
has become more common, especially in referral centers, but sparse data exist re-
garding its actual diffusion and its trend of utilization in contemporary patients.
Therefore, the aim of this study is to compare utilization trends and time-changes in

perioperative outcomes of ORC and RARC through a large multicenter collaboration.

Material and Methods

A retrospective analysis of institutional databases was carried out. We collected
data from 2,401 patients treated with radical cystectomy and PLND for BCa at 12
North American and European institutions between 2006 and 2018. All the centers
involved in our study, were high-volume centers, were equipped with the daVinci ro-
botic system, performed both robotic and open cystectomy and consequently had
the chance to choose between one of the two procedures. Although expertise in their
field, surgeons who performed RARC and those who performed ORC were different.
Centers were anonymized and data were divided into two groups depending on the
location of the center (American or European). All preoperative, intraoperative and
post-operative data were collected. Patients' characteristics included age at surgery,
year of surgery, American Society of Anesthesiologists (ASA) score, neoadjuvant
chemotherapy (NAC), prior abdominal surgery defined as abdominal or pelvic sur-
gery performed for any reason and prior pelvic radiotherapy. Intraoperative features

included technique used for surgery list in RARC, ORC, blood loss (ml), operation
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time (min) and type of urinary diversion. Pathological features included pathological
tumor status (pT according to 6th edition TNM classification) [16], pathological grade
evaluated according to WHO grading 2004, lymph node invasion (LNI), total number
of lymph nodes (LN) removed and number of positive nodes. Post-operative features

included 30-day complications, readmission and re-operation.

Endpoint definition

The first endpoint was to report the prevalence of patients treated with RARC
and ORC across time. The secondary endpoint was to report temporal trends in
perioperative outcomes according to the usage of RARC or ORC in American (AC)
and European centers (EC) in order to assess possible differences in trend between

the two locations.

Statistical analysis

Frequencies and proportions were used to describe categorical variables ac-
cording to RARC and ORC use. Means, median and interquartile range (IQR) de-
scribed continuous variables. The Kruskal-Wallis test and Chi-square test evaluated
differences between continuous and categorical variables, respectively. Statistical
significance was considered at p<0.05. Statistical analysis was performed using

STATA 14.0® (Stata Corp., College Station, TX, USA).
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Results
Baseline characteristic

Patient characteristics are reported in Table 1. Of the 2,401 patients who un-
derwent radical cystectomy for BCa, 1,189 (49.5%) were treated with RARC and
1,212 (50.5%) with ORC. 71% of patients treated in AC and 42% of those treated in
the European ones were treated with RARC. In both AC and EC patients treated with
RARC had less comorbidities (AC: ASA < 2, 39.4% in RARC and 27% in ORC,
p=0.04, EC: ASA< 2, 73% in RARC and 47.7% in ORC, p<0.001) and had less ad-
vanced cancers with lower pT stages (AC: pT stage <2, 60 % in RARC and 50% of
patients treated with ORC, p<0.001, EC: pT stage < 2, 63% in RARC and 57% of
patients treated with ORC, p<0.001).

Moreover, in EC, patients who underwent RARC had lower rates of LNI
(RARC vs ORC 26% vs 35%, p<0.001) and were younger (median age 66 years

[IQR: 59-71] for RARC vs 70 years [IQR:59-71] for ORC, p=0.001).

Temporal trend in the use of RARC

Figure 1 depicts temporal trends according to the type of cystectomy in overall
population, in AC and EC. We observed an increase in rate of use of RARC over
time in the overall population (RARC vs. ORC 2006-2008: 29% vs. 71%, 2009-2011:
37% vs. 63%, 2012-2014: 38% vs. 62%, 2015-2018: 54% vs 46% p<0.001). As re-
gards AC the use of RARC was greater than ORC since 2006 and remained essen-
tially stable over time (RARC vs. ORC 2006-2008: 80% vs. 20%, 2009-2011: 74%
VS. 26%, 2012-2014: 61% vs. 40%, 2015-2018: 77% vs 23% p<0.001). On the con-
trary, in EC the use of RARC increased exponentially from 2% in 2006-2008 to 50%

in 2015-2018 (p<0.001).
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Perioperative outcomes

Table 2 reports a summary of perioperative outcomes according type of cystec-
tomy. In both AC and EC, patients treated with RARC had significantly lower blood
loss (AC: median 400 ml [IQR:287-650] for RARC and 600 ml [IQR: 400-1000] for
ORC, p=0.001, EC: 300 ml [IQR: 200-500] for RARC and 500 ml [IQR: 300-800] for
ORC, p=0.001) and shorter length of stay (AC: median 7 days [IQR:6-10] for RARC
vs 8 days [IQR: 7-12] for ORC, p=0.001, EC: 10 days [IQR: 8-14] for RARC vs 15
days [IQR: 9-22] for ORC. P=0.001) compared to those treated with ORC. Duration
of surgery was significantly lower for RARC in patients treated in AC (RARC vs
ORC: 400 min [IQR: 330-483] vs 418 min [IQR: 362-521], p=0.01) whereas was sig-
nificantly higher in patients treated in those European (RARC vs ORC: 335 min [IQR:
278-390] vs 310 min [IQR: 258-360], p=0.001).

In contrast to those treated in AC, patients treated with RARC in EC underwent
more likely neobladder (p<0.001) and had higher median number of LN removed
(p=0.001). Figure 2 and Figure 3 show intraoperative outcomes of RARC vs ORC
according year of surgery.

No significant differences were found in < 30 days complications, readmissions
and re-operation in patients treated in AC (all p>0.05). On the other hand, patients
treated with RARC in EC were more likely to be readmitted within 30 days (p=0.001)
and re-operated (p=0.002) compared those treated with ORC. Figure 4 reports early

post-operative outcomes in AC and EC of RARC vs ORC according year of surgery.
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Discussion

According to international guidelines [3],[17], ORC with bilateral PLND remains
the gold standard treatment for very high risk non-muscle invasive BCa and non-
metastatic, muscle invasive BCa. However, since the introduction of RARC in 2003
[18], many institutions equipped with robotic system have begun to perform this pro-
cedure. In our multicenter study, we evaluated the trend in RARC use in 12 Europe-

an and American tertiary referral centers.

We found that since its introduction, RARC has been widely adopted. Overall,
we observed an initial slow but gradual increase in the use of RARC in the first 6
years (from 29% to 37%), followed by a rapid and substantial increase which pro-
gressed into RARC being more commonly used than ORC in most contemporary se-
ries. In the most recent period of our study (2015-2018), RARC has become the
most performed procedure with a 54% of cystectomies being performed using this
approach in the centers involved in our study. While in American institutions RARC
was more frequently performed than ORC since 2006 and remained substantially
stable over time, in EC the use of RARC increased exponentially, with a relevant
growth from 2% in 2006-2008 to 50% in 2015-2018. The important different trend be-
tween the two groups of centers can be attributed to the earlier introduction of RARC

in the American ones.

The same explanation could be provided for the results we have found in post-
operative outcomes. No significant differences were found in early complications
rates between RARC and ORC in both American and European centers similarly to

results recently reported by Soria et al [19]. Moreover, in EC, rates of early re-
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admissions and re-operations were worse for patients treated with RARC whereas
no significant differences were found between the two procedures in patients treated
in AC. However, when the analyses were performed just on contemporary patients
(2015-2018 group) the significant differences found in EC were lost and, as shown in
figure 4, RARC’s rates of re-admissions and re-operations decreased substantially

after the first triennium, concurrently to the increase in the use of RARC in Europe.

Even though RARC has spread significantly and some of the centers involved in
our study have performed RARC for over a decade, we found pathologic characteris-
tics of patients submitted to RARC were globally less severe, with less advanced
disease than patients undergoing ORC. In both AC and EC, patients treated with
RARC had lower pT stages and ASA scores. In addition, in EC only, patients submit-
ted to RARC had also higher LNI rates. These differences indicated a probable se-
lection bias where RARC was reserved for patients affected by organ confined dis-
ease or less advanced cancers and this could probably be related to a more cautious
approach in patient selection in first few years of adoption of this technical approach,

especially during the learning curve.

Considering peri-operative outcomes, the median number of LN removed was
significantly higher in RARC (p=0.001) for EC (but not for the Americans). Our find-
ings confirm those from Hu et al. [20] who reported that RARC was associated with
greater lymph node yield compared to ORC, with 41.5% versus 34.9% having > 10
lymph nodes removed (p=0.03). This difference could be attributed to the relevant
difficulty in performing RARC, which represents the most challenging robotic proce-

dure, usually approached only by surgeons with previous extensive experience in
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radical prostatectomy and pelvic lymphadenectomy. Conversely, the open proce-
dure, is performed by almost all the urologists. Moreover, the technical advantages
provided by robotic surgery such as magnification of images could help to perform a

more accurate PLND.

In our study, intraoperative blood loss was lower in RARC for both AC an EC, in
accordance to the findings  from several retrospective studies
[6],[71,[8].[9],[20],[11],[12],[13] and the RAZOR trial [15]. On the other hand, estimat-
ed blood loss slightly decreased in ORC across time, in concordance with previous
literature [21],[22] probably for technical improvement that occurred in ORC surgery
or to the introduction of haemostatic devices and agents. Length of hospitalization
was shorter for RARC in both groups, as in comparative retrospective and prospec-
tive studies [6],[7],[8],[9],[10],[11],[12],[13] and in the meta-analysis by Tan et al [23].
Moreover, the length of stay for both RARC and ORC was lower for patients treated
in AC compared to those treated in EC, probably as a consequence of differences in

healthcare systems.

This study is not without limitations. First of all, it is a retrospective study and data
should be interpreted in this context. Second, every patient included in our study was
treated in a tertiary referral center, therefore our findings might not be applicable to
patients who underwent RC in smaller, lower-volume centers. Third, no data regard-
ing intra- or extra-corporeal technique for urinary diversion were available. Fourth,
the cause of readmissions and type of complications (medical or surgical) were not
available for analyses. Fifth, the name of the surgeon for each procedure was not

available. Consequently, we did not have the chance to analyze the learning curve
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and its relationship with peri-operative outcomes. Moreover, our study was unable to
adjust for length of hospitalization, readmission and mortality to Charlson Comorbidi-
ty Index, specific comorbidities, laboratory values and type of urinary diversion that

could influence results of these outcomes.

Conclusion

Our study reveals that the use of RARC has constantly increased since its intro-
duction, overtaking ORC in the most contemporary series. While RARC was more
frequently performed than ORC since the beginning in AC and remained substantial-
ly stable over time, its use exponentially increased in the EC. Early readmissions-
and reoperations-rates were worse for patients treated with RARC in EC. However,
when contemporary patients only were considered, the statistical significances were
lost. The differences in time-changes of perioperative outcome between AC and EC
can be attributed to the earlier introduction and spread of RARC in AC compared to

the European ones.

This article is protected by copyright. All rights reserved.



Figure Legend

Figure 1- Time trend in use of open radical cystectomy (ORC) and robotic radical
cystectomy (RARC) with bilateral pelvic lymph node dissection (PLND) for bladder
cancer (BCa) in overall population and separately in American and European cen-
ters.

Figure 2 - Time trend in median blood loss (ml) and operation time (days) of open
radical cystectomy (ORC) and robotic radical cystectomy (RARC) with pelvic lymph
node dissection (PLND) for bladder cancer (BCa) in American and European cen-
ters.

Figure 3 - Time trend in median number of lymph node removed and length of stay
(days) of open radical cystectomy (ORC) and robotic radical cystectomy (RARC)
with pelvic lymph node dissection (PLND) for bladder cancer (BCa) in American and
European centers.

Figure 4 - Time trend in rates of < 30 days complications, readmission and re-
operation

of open radical cystectomy (ORC) and robotic radical cystectomy (RARC) with pel-
vic lymph node dissection (PLND) for bladder cancer (BCa) in American and Euro-
pean centers.
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Table 1- Baseline characteristics of patients treated with open radical cystectomy (ORC) and robotic radical cystectomy (RARC) with pelvic
lymph node dissection (PLND) for clinical non-metastatic bladder cancer (BCa) in American and European centers.

American centers

European centers

Variable Overall RARC ORC p value Overall RARC ORC p value
(n=651,100%) | (n=459, 71%) | (n=192, 29%) (n=1,750, (n=730, 42%) | (n=1,020, 58%)
100%)
Age
Mean 67 67 68 0.2 67 65 69 0.001
Median (IQR) 68 (61-76) 68 (60-74) 70 (61-76) 68 (61-74) 66(59-71) 70 (59-71)
Gender
Male 525 (81%) 155 (81%) 370 (81%) 0.9 1,405 (80%) 585 (80%) 820 (80%) 0.9
Female 126 (19%) 37 (19%) 89 (19%) 345 (20%) 145 (20%) 200 (20%)
BMI
Mean 27 28 27 0.4 26 27 26 0.02
Median (IQR) 27 (24-30) 27 (24-30) 27 (24-31) 26 (23-29) 26 (23-29) 26 (23-28)
ASA score
1 2 (0.3%) 2 (0.4%) 0 (0.0%) 0.04 93 (7.8%) 83 (13%) 10 (1.7%) <0.001
2 225 (35%) 177 (39%) 48 (27%) 642 (54%) 381 (60%) 261 (46%)
3 384 (60%) 262 (57%) 122 (69%) 417 (35%) 158 (25%) 259 (46%)
4 24 (4.0%) 17 (4.0%) 7 (4.0%) 43 (3.6%) 10 (1.6%) 33 (5.9%)
Prior therapy
No 448 (72%) 329 (75%) 119 (66%) <0.001 1,328 (77%) 438 (61%) 890 (88%) <0.001
NAC 139 (22%) 79 (18%) 60 (33%) 393 (23%) 276 (38%) 117 (12%)
RT 32 (5.0%) 3 (0.6%) 0 (0.0%) 9 (0.5%) 7 (1.0%) 2 (0.2%)
NAC+RT 3 (0.5%) 30 (6.8%) 2 (1.1%) 2 (0.1%) 2 (0.3%) 0 (0.0%)
pT
pTO-1 294 (45%) 233 (51%) 61 (32%) <0.001 781 (45%) 368 (51%) 413 (41%) <0.001
pT2 97 (15%) 62 (14%) 25 (18%) 250 (14%) 87 (12%) 163 (16%)
pT3-4 256 (40%) 162 (35%) 94 (50%) 707 (41%) 271 (27%) 436 (43%)
LNI 135 (22%) 88 (21%) 47 (25%) 0.2 408 (31%) 137 (26%) 271 (35%) <0.001

RARC=robot assisted radical cystectomy, ORC=open radical cystectomy, IQR=interquartile range, MBI=body mass index, ASA=American so-

ciety od anesthesiologist, NAC=neoadjuvant chemotherapy, RT=radiotherapy, LN=lymph node invasion
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Table 2- Peri-operative outcomes in patients treated with open radical cystectomy (ORC) and robotic radical cystectomy (RARC) with pelvic

lymph node dissection (PLND) for clinical non-metastatic bladder cancer (BCa) in American and European centers.

American centers

European centers

Overall RARC ORC p value | Overall RARC ORC p value
(N=651, (N=459, 71%) (N=192, 29%) (N=1,750,100%) | (N=730, 42%) (N=1,020, 58%)
100%)
Urinary diversion
Neobladder 108 (20%) 94 (22%) 14 (14%) 508 (40%) 311 (48%) 197 (32%)
lleal conduit 353 (66%) 275 (64%) 78 (77%) 0.1 577 (45%) 318 (49%) 259 (41%) <0.001
Pouch 63 (12%) 55 (12%) 8 (8.0%) 30 (2.3%) 16 (2.3%) 14 (3.0%)
UCs 3 (1.0%) 3 (1.0%) 0 (0.0%) 159 (12%) 4 (0.6%) 155 (25%)
Other 4 (1.0%) 3 (1.0%) 1 (1.0%) 1 (0.07%) 1(0.1%) 0 (0.0%)
Operation time, min
Mean 428 421 445 0.01 336 341 330 0.001
Median (IQR) 406 (333-507) | 400 (330-483) 418 (362-521) 330 (270-380) 335 (278-390) 310 (258-360)
Blood loss, ml
Mean 603 523 801 0.001 529 437 617 0.001
Median, IQR 500 (300-750) | 400 (287-650) 600 (400-1000) 400 (200-650) 300 (200-500) 500 (300-800)
Length of stay, days
Mean 10 9 10 0.001 15 13 17 0.001
Median 8 (6-11) 7 (6-10) 8 (7-12) ' 12 (9-18) 10 (8-14) 15 (9-22)
Number of LN removed
Mean 21 21 21 0.6 16 19 14 0.001
Median 19 (13-27) 19 (13-27) 19 (13-27) 15 (9-22) 16 (11-25) 13 (8-20)
dC;);;pllcatlons <30 260 (68%) 158 (69%) 102 (67%) 0.7 711 (43%) 313 (44%) 398 (42%) 0.4
Readmission <30 days | 110 (29%) 74 (32%) 36 (23%) 0.07 123 (8.0%) 64 (11.0%) 59 (6.0%) 0.001
Reoperation <30 days 26 (6.0%) 16 (7.0%) 10 (7.0%) 0.9 42 (4.0%) 29 (6.0% 13 (2.0%) 0.002

ORC= Open radical cystectomy, RARC= Robot-Assisted radical cystectomy, UCS=ureterocutaneostomy, IQR = interquartile range,

LN=lymphnodes
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