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Table 2. Bladder compliance before and after drug and Oxo-M administration

Mean =+ SEM Bladder Compliance (ml/cm H,0)

Oxo-M* No. Rats Control After Oxo-M After Oxo-M + Vehicle or Imidafenacin
+ Highest imidafenacin dose:
Vehicle 8 0.0155 + 0.0005 0.0171 + 0.0008 0.0178 + 0.0010
Imidafenacin (30 pg/kg) 8 0.0158 = 0.0013 0.0165 = 0.0012 0.0179 £ 0.0012
+ CAP:
Vehicle 6 0.0115 £ 0.0008 0.0125 + 0.0010 0.0121 £ 0.0009
CAP (1079 14 0.0143 + 0.0007 0.0127 + 0.0008 0.0139 £ 0.0009

“Dose 25 pM at 0.04 ml per minute for 8 minutes.

Therefore, we hypothesized that imidafenacin
and 5-HMT would have an inhibitory effect on the
SAA of Ad and C fibers of the mechanosensitive
primary bladder afferent nerves. However, our re-
sults revealed that neither imidafenacin nor 5-HMT
inhibited the SAA of either type of afferent fiber.
The great discrepancy between this and previous®®
studies may be attributable to the difference of
agents or time points after drug administration. In
the previous studies changes were assessed 30, 60,
90 and 120 minutes after drug administration but
we analyzed changes 3 minutes after drug admin-
istration. We further investigated the change in
SAA 20 minutes after administering the highest
imidafenacin dose (30 pg/kg). The result clearly
showed that imidafenacin did not change the SAA of
either type of afferent fiber (fig. 2, C). Again this

was inconsistent with previous findings in studies of
oxybutynin and darifenacin.>® Imidafenacin has
higher affinity for the M1 and M3 receptor subtypes
than for the M2 receptor subtype, darifenacin has
higher affinity only for the M3 receptor subtype, and
oxybutynin and 5-HMT have affinity for the M1 to
M3 subtypes.2* Therefore, mAChR subtype selec-
tivity may not reasonably explain the discrepancy.
Mechanosensitive bladder afferents consist of
various nerve types with different response prop-
erties to CAP, K and menthol.?°~2%> We previously
noted that mechanosensitive bladder C-fiber affer-
ents can be classified as CAP sensitive and insen-
sitive with the latter more prevalent and activated
by TRPV4 agonists and intravesical ATP instilla-
tion.®? Imidafenacin and 5-HMT can inhibit detru-
sor overactivity through RTX sensitive C fibers in

A Effects of imidafenacin on Ad- and C-fibers B Effects of 5-HMT on AS- and C-fibers
(3 minutes after each administrations) (3 minutes after each administrations )
180 180 ~
f
150 150 I |
0 w -
2 T 2
E=] | = .-
% 120 i OAS-fibers % L i OAS-fibers
Z %0 (n=7) L (n=5)
B wC-fibers £ wC-fibers
§ e =10} § &0 (n=8)
® =
30 30
0 0
Control 0.3 parkg 3 uglkg 30 pgrkg Control  0.01 mg/kg 0.1 mg/kg 1 mg/kg
C Effects of imidafenacin on Ad- and C-fibers

{20 minutes after IMF-administration)

@ © [ o
o (=] o <

% control activities

[
o

Control

OAB-fibers
{(n=7)

|C-fibers
n=10)

30 ugkg

Figure 2. Mean = SEM responses before and after cumulative intravenous drug administration shown as percent of control activity
(A to C). IMF, imidafenacin. No significant difference between control and drug responses (1-way ANOVA and Dunnett test or

paired Student t-test).

Dochead: Investigative Urology

FLA 5.2.0 DTD ® JUROI11781_proof @ 19 December 2014 @ 8:21 pm @ EO: JU-14-757

514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570



571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627

6 SELECTIVE INHIBITORY EFFECT ON CAPSAICIN SENSITIVE C FIBERS

A @) Imidafenacin 3 pg/kg,i.v. § Imidafenacin 30 pg/kg,iv
ol P o
a L |100 sec. ’/./’/ o
= 0
o
‘3 CAP-sensitive C-fiber with imidafenacin
v L
LI'OI ..,I'J‘M PRSP 1] “d _____u_.la.-.lni-.ﬂM ‘—A__A_M
£ saline saline saline
B O
] »- g
o T [100 sec.
2 5| "
8 CAP-insensitive C fiper w h imidafenacin
N
x T I
Lo
= saline saline sahne
C ®) 5-HMT 0.1 mgrkg,i.v. m
N [ ——
5 - I o NS
=
= &
8 CAP-sensitive C-fiber with 5-HMT
3 E— =
L o S e ks Hﬁdw
i saline saline saline
D Q
N ST
a % 100 sec.
25 :
& f CAP-insensitive C-fiber with 5-| HMT
N
i .uM
[T} Bl | P T

saline saline

sahne

Figure 3. Representative traces show intravesical pressure (/VP) and firing rate (FR) of mechanosensitive afferent nerve activity by
imidafenacin and 5-HMT in CAP sensitive and insensitive C fibers (A to D). i.v., intravenously.

rats with cerebral infarction.'®'! Therefore, we
postulated that imidafenacin and 5-HMT may
contribute to mechano-afferent transduction
through CAP sensitive fibers. The results of this
study clearly show that imidafenacin and 5-HMT
significantly decreased the SAA of CAP sensitive C
fibers but not of CAP insensitive C fibers. Thus, it is
conceivable that the inhibitory action of imidafena-
cin and 5-HMT was masked when evaluating the
overall C-fiber SAA because of the larger population
of the CAP insensitive subgroup.

Selective inhibition on CAP sensitive fibers was
observed only at the highest doses of imidafenacin
and 5-HMT. To determine whether such high drug
doses act on mAChRs or on other effectors located
near the bladder lumen, the ie urothelium and/or
suburothelial afferent nerves, we further studied
intravesical instillation of the mAChR agonist
Ox0-M.1*1723 Ag a vesult, the facilitatory responses
of the C-fiber SAA to intravesical Oxo-M was sup-
pressed by the same dose of intravenous imidafe-
nacin. This strongly suggests that the doses of
imidafenacin used acted on bladder mAChRs
located near the bladder lumen. In terms of overall
responses the C fibers that responded to intravesical

Dochead: Investigative Urology

Oxo0-M were significantly activated by intravesical
CAP, although some did not respond well to CAP. In
contrast, Oxo-M insensitive C fibers did not respond
to CAP. These results suggest that CAP sensitive
C fibers are mostly responsive to activation of
bladder mAChRs by intravesical Oxo-M.

Higher doses of imidafenacin and 5-HMT
administered cumulatively significantly increased
bladder compliance. However, the highest dose of
imidafenacin induced no significant change in
bladder compliance 20 minutes after single admin-
istration (table 1). This may have been due to the
number of cystometry cycles rather than to the
pharmacological effects of the agents. Our previous
studies using a similar experimental protocol
showed a tendency toward increased bladder
compliance during repeat measurements even after
saline administration, which supports this specula-
tion.32% A previous study using cystometrogram
measurements in urethane anesthetized rats
demonstrated that imidafenacin at a lower dose
(3 ng/kg intravenously) increased bladder capacity
without a change in micturition pressure or post-
void residual volume while a dose of 10 pgkg
intravenously decreased micturition pressure and
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Figure 4. Responses to imidafenacin and 5-HMT on individual CAP sensitive and insensitive C fibers (A to D), and summarized
imidafenacin and 5-HMT results (C and F). Values are shown as mean + SEM percent of control activity. Asterisk indicates
significantly different vs control (1-way ANOVA and repeated measures Dunnett test p <0.05).

increased post-void residual volume.'® In contrast, CAP sensitive C-fiber afferent activity in the cur-
only a higher dose of imidafenacin (30 pg/kg intra- rent study. The effective dose to increase bladder
venously) showed a significant inhibitory effect on capacity in the previous study and the dose to

A Oxo-M sensitive C-fiber with vehicle of imidafenacin

VP
30 cmH20

T i , “ 0.04 mi/min. 0.04 mbmin. | d
w S . uhd Aol
saline saline saline
Control (before) B
B  Oxo-M sensitive C-fiber with imidafenacin
Q 100 sec. /
E z x
% £ ; !mldafenaA in
= o i 30 pgrkg,Lv. {
3 after-2
N . " {
x T gl 0.04 mifmin. 0.04 ml/min. FLl
LRI PR T for 8 min. | for 8 min. " L
= saline D saline saline

Control {before)

Figure 5. Representative traces show mechanosensitive afferent nerve activity intravesical pressure (/VP) and firing rate (FR) of Oxo-M
sensitive C fibers after vehicle or imidafenacin (A and B). i.v., intravenously.
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A B
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Figure 6. Oxo-M sensitive C fiber (A and B), and integrated Oxo-M sensitive C-fiber responses to vehicle and imidafenacin during whole
filling phase after Oxo-M alone and in presence of vehicle (Cand D) in 8 nerve fibers each. Values are shown as mean & SEM percent of
control activity. Single pound sign indicates significantly different (2-way ANOVA and Tukey test p <0.05). Double pound signs indicate
significantly different (2-way ANOVA and Tukey test p <0.01). Dagger indicates significantly different (unpaired Student t test p <0.05).
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Figure 7. Responses to vehicle and CAP in individual Oxo-M sensitive C fibers (A and B) and integrated Oxo-M sensitive C-fiber
responses during whole filling phase after Oxo-M and vehicle or CAP (C and D) in 7 or 9 nerve fibers each. Values are shown as
mean += SEM percent of control activity. Pound signs indicate significantly different (2-way ANOVA and Tukey test p <0.01). Dagger
indicates significantly different (unpaired Student t test p <0.05).
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A CAP on each Oxo-M insensitive C-fibers (n=7)

% control activities
8

Control (before) Oxo-M CAP

B Integrated response to CAP (n=7)

8

% control activity
(%))
o

Control (before) Oxo-M CAP

Figure 8. Responses of 7 individual Oxo-M insensitive and
integrated Oxo-M insensitive C fibers each during whole filling
phase after Oxo-M and CAP (A and B). Values are shown as
mean + SEM percent of control activity. No significant
difference between groups (2-way ANOVA and Tukey test).

suppress mechanosensitive bladder afferent fibers
in the current study appear discrepant, which may
have been due to the different experimental setups,
such as transection of the bilateral L6 roots in the
current series.

In this study we did not investigate the effect of
the drug on bladder capacity or micturition pres-
sure. However, since single bolus administration of

imidafenacin at the dose (30 pg/kg intravenously)
that suppressed CAP sensitive C-fiber afferent ac-
tivity did not significantly increase bladder compli-
ance, imidafenacin may not act on the tonus of the
detrusor smooth muscle at the dose that suppresses
CAP sensitive C-fiber afferent activity. Taken
together the current results indicate that imidafe-
nacin can suppress the afferent activity of CAP
sensitive C fibers selectively by inhibiting bladder
mAChRs through an action other than decreasing
detrusor smooth muscle tonus, at least under the
special experimental conditions of the current
study.

We acknowledge the controversy about the effect
of antimuscarinic agents on mechanosensitive
Ad-fiber afferent activity.>® The effects of atropine
on bladder afferent function differ from those of
other antimuscarinic agents.'*?> Further investi-
gation is required to explore the possibility of
different mechanisms of action by antimuscarinic
agents.

CONCLUSIONS

To our knowledge the current series demonstrates
for the first time that imidafenacin and 5-HMT can
selectively inhibit the mechanosensitive bladder
afferent activity of CAP sensitive C fibers but not
A3J fibers or CAP insensitive C fibers. These effects
are mediated by the antagonism of bladder musca-
rinic receptors in urethane anesthetized rats. The
findings suggest a possible additional action of
antimuscarinics, eg inhibitory action on bladder
sensory function in pathophysiological conditions,
as therapeutic agents for OAB or other bladder
sensory disorders.
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Key words In 2012, Japanese national insurance started covering robot-assisted surgery. We
carried out a population-based comparison between robot-assisted and three other
types of radical prostatectomy to evaluate the safety of robot-assisted prostatecto-
my during its initial year. We abstracted data for 7202 open, 2483 laparoscopic,
1181 minimal incision endoscopic, and 2126 robot-assisted radical prostatectomies
for oncological stage T3 or less from the Diagnosis Procedure Combination database
(April 2012-March 2013). Complication rate, transfusion rate, anesthesia time, post-
operative length of stay, and cost were evaluated by pairwise one-to-one propen-
sity-score matching and multivariable analyses with covariants of age, comorbidity,
oncological stage, hospital volume, and hospital academic status. The proportion of
robot-assisted radical prostatectomies dramatically increased from 8.6% to 24.1%
during the first year. Compared with open, laparoscopic, and minimal incision endo-
scopic surgery, robot-assisted surgery was generally associated with a significantly
lower complication rate (odds ratios, 0.25, 0.20, 0.33, respectively), autologous
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transfusion rate (0.04, 0.31, 0.10), homologous transfusion rate (0.16, 0.48, 0.14),
lower cost excluding operation (differences, —5.1%, —1.8% I[not significant],
—10.8%) and shorter postoperative length of stay (-9.1%, +0.9% [not significant], —
18.5%, respectively). However, robot-assisted surgery also resulted in a + 42.6%
increase in anesthesia time and +52.4% increase in total cost compared with open
surgery (all P < 0.05). Introduction of robotic surgery led to a dynamic change in
prostate cancer surgery. Even in its initial year, robot-assisted radical prostatectomy
was carried out with several favorable safety aspects compared to the conventional

surgeries despite its having the longest anesthesia time and the highest cost.

P rostate cancer is a global public health issue, and radical
prostatectomy has been widely recognized as a standard
treatment for patients with localized disease.”” The open
approach was traditionally carried out. However, after the
development of laparoscopic technology and the use of surgi-
cal robotic devices, minimally invasive approaches have stea-
dily become more popular. The use of RARP, especially, has
spread rapidly in the USA and Europe. Several RCTs, system-
atic reviews, and meta-analyses have described the superiority
of RARP over LRP and ORP in terms of blood loss, complica-
tions, incontinence, and loss of sexual function,*™

Compared to North America and European countries, the intro-
duction of minimally invasive radical prostatectomy in Japan was
rather different. National universal health care insurance officially
began covering LRP in 2006 and MIE-RP (gasless single-port-
access endoscopic surgery) in 2008. The restriction for RARP was
not lifted until April 2012. Even though RARP was a latecomer to
the surgical armamentarium in Japan, the number of robotic sur-
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geries increased dramatically after its approval. Japan soon had
the second largest number of surgical robots worldwide.” This
abrupt prevalence of RARP usage caused some concern about the
skillfulness of surgeons with this new technology. Although it
was generally thought that the learning curve for robot-assisted
surgery was shorter than that for other minimally invasive opera-
tions, there was a high incidence of complications reported in the
initial cases.'” Thus, an outcomes study involving a large num-
ber of institutions became necessary to verify the safety and feasi-
bility of RARP compared with conventional prostatectomy
approaches. The aim of the present study was to evaluate perioper-
ative outcomes among four types of radical prostatectomy during
the initial year of RARP application. For the study group, we
relied on a Japanese population-based database.

Material and Methods

Data source for the study. The comparisons in the current
study were carried out based on the DPC database. a Japanese
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inpatient administrative claims database. In 2012, it had data
of 6 852 195 hospitalizations from 1057 participating hospi-
tals, representing approximately 50% of acute care hospitaliza-
tions throughout Japan."" This database holds clinical
information on such areas as: (i) the main diagnoses, comor-
bidities at admission, and complications after admission; (ii)
surgical procedures; (iii) discharge status; and (iv) use of med-
ical resources. Diagnoses were coded according to the ICD-10Q.
Because the data in the DPC database were thoroughly de-
identified and the present study was designed as a secondary
analysis of the administrative claims data, informed consent
was not required. The institutional review board and ethics
committee of The University of Tokyo (Tokyo, Japan)
approved the study.

Data sampling and measured outcomes. Selected patients
were those undergoing ORP, LRP, MIE-RP, or RARP (Japa-
nese surgical codes K843, K843-2, K843-3, and K939-4,
respectively) for the main diagnosis of malignant neoplasm of
the prostate (ICD-10 code C61) from April 2012 to March
2013. Minimum incision endoscopic radical prostatectomy is a
technique using a single, small incision that permits extraction
of the specimen without gas insufflation, trocar ports, or injury
to the peritoneum.'?

Available baseline characteristics about the patient and hos-
pital were age, comorbidities at admission, body mass index,
smoking index (pack-year), oncological stage (according to the
International Union Against Cancer),”'” hospital academic sta-
tus (academic or non-academic), and hospital volume (annual
caseload of radical prostatectomy at each hospital). Comorbidi-
ties were converted (o a score of the CCI according to Quan
et al™

The outcomes assessed were perioperative complications
(see Table S1), blood transfusion, anesthesia time, postopera-
tive length of stay, and costs including and excluding the oper-
ation. The costs were calculated at the currency rate of
¥100 = SUSI.

Statistical analysis. For univariable comparisons, the ¥ -test
and Mann-Whitney U-test were adopted, as appropriate. The
threshold for significance was P < 0.05.

To improve the quality of comparisons, multiple imputation
and propensity-score matching was carried out as follows.
First, because there were some missing values for the body
mass index, smoking index, and oncological stage, we per-
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formed muliiple imputation to replace each missing value with
a set of substituted plausible values by creating five filling-in
copies to reduce bias caused by incomplete data."%'® In the
process of missing imputation, predictive mean matching and
polytomous regressions were used appropriately. After imputa-
tion, patients with T4, N+, or M+ were removed because of
their small numbers. Second, in each imputed copy, one-to-one
propensity-score matching was performed pairwise three times
(i.e., RARP vs ORP, RARP vs LRP, and RARP vs MIE-
RP)."” This matching methodology mimics randomized allo-
cations to case and control groups, consequently reducing the
bias that occurs because of the lack of randomization. A prob-
ability of allocation in the RARP group was estimated in each
subject as a propensity score based on a logistic regression
model incorporating potential confounders: age, CCI, body
mass index, smoking index, oncological stage, hospital aca-
demic status, and hospital volume. The matching was executed
using the nearest neighborhood approach with a caliper width
equal to 0.2 of the standard deviation of the propensity
score.!"™ Third, after matching, multivariable linear or logistic
regression analyses were carried out for each outcome with co-
variates—type of radical prostatectomy, age, CCI, body mass
index, smoking index, oncological stage, hospital academic
status, hospital volume—in each imputed copy. In these multi-
variable models, generalized estimating equations were applied
to adjust for hospital clustering effects."” Finally, the results
of the five imputed copies were combined into one model,
from which the statistical inference was taken. The values of
anesthesia time, postoperative length of stay, and costs were
log-transformed in the linear regression models because of
their skewed distributions. All statistical analyses were carried
out using R version 3.0.2 software (R Foundation for Statisti-
cal Computing, Vienna, Austria) with RMS 4.0-0, Zelig 4.1-3,
Mice 2.17, and Matchlt 2.4-21 packages.!>=20=%

To confirm the trend change for radical prostatectomy, a fre-
quency distribution in the caseloads for four types of radical
prostatectomy was determined, and the trend was analyzed
using the Cochran—Armitage trend test.

Resulis

During the study period, 7202 ORP (55.4%), 2483 LRP
(19.1%), 1181 MIE-RP (9.1%), and 2126 RARP cases (16.4%)
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Fig. 1. Chronological trends for the four types of

radical  prostatectomy in  Japan’s  Diagnosis
Incresse Procedure Combination database between April
Peoont 2012 and March 2013.
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Table 1. Patient baseline characteristics among four types of radical prostatectomy registered in the Japanese Diagnosis Procedure

Combination database between April 2012 and March 2013

Type of radical prostatectomy, n (%) or median (IQR)

SUSTS

Characteristic P-value
Open Laparoscopic MIE-RP Robot-assisted
Total 7202 (100.0) 2483 (100.0) 1181 (100.0) 2126 (100.0)
No. of hospitals 552 90 53 45
Age, years 63 (64-72) 68 (64-71) 67 (63-71) 67 (62-71) <0.001
Charlson comorbidity index
8] 5405 (75.0) 1877 (75.6) 887 (75.1) 1908 (89.7) <0.001
i 1167 (16.2) 409 (16.5) 196 (16.6) 166 (7.8)
=2 530 (8.7) 197 (7.9) 98 (8.3) 52 (2.4)
Body mass index 23.7 (22.0-25.6) 23.8 (22.0-25.7) 23.7 (22.0-25.5) 23.7 (22.1-25.6) 0.497
Missing 48 (0.7} 15 (0.6) 39 (3.3) 13 (0.6)
Smaoking index, pack-year 0 (0-30) 5 (0-35) 8 (0-35) 0 (0-26) <0.001
Missing 870 (12.1) 263 (14.6) 207 (17.5) 445 (20.9)
Stage
T1 1701 (23.6) 707 (28.5) 255 (21.6) 961 (45.2) <0.001
T2 3941 (54.7) 1244 (50.1) 608 (51.5) 879 (41.3)
T3 772 (10.7) 152 (6.1) 148 (12.5) 122 (5.7)
T4, N+, or M+ 161 (2.2) 32 (1.3) 25 (2.1) 14 (0.7)
Missing 627 (8.7) 348 (14.0) 145 (12.3) 150 (7.1)
Type of hospital
Academic 1102 (15.3) 1267 (51.0) 335 (28.4) 1594 (75.0) <0.001
Mon-academic 6100 (84.7) 1216 (49.0) 846 (71.6) 532 (25.0)
Hospital volume 25 (14-40) 61 (34-91) 34 (22-50) 96 (59-155) <0.001
Perioperative outcome
Autologous transfusion 5951 (82.6) 1038 (41.8) 835 (70.7) 260 (12.2) <0.001
Homologous transfusion 523 (7.3) 56 (2.3) 68 (5.8) 15 (0.7) <0.001
Overall complications 380 (5.3) 98 (3.9) 48 (4.1) 18 (0.8) <0.001
Sepsis/DIC 15 (0.2) 4(0.2) 1(0.1) 2.1 0.600
Pulmonary emboelism 14 (0.2) 2 (0.1) 1{0.1) 1(0.0) 0.288
Cardiac events 80 (1.1) 34 (1.4) 6 (0.5) 3(0.1) <0.001
Vascular complications 49 (0.7) 4 (0.2) 3(0.3) 2 (0.1 <0.001
Respiratory complications 35 (0.5} 16 (0.6) 3(0.3) 4(0.2) 0.085
Peritonitis or peritoneal 16 (0.2) 7 (0.3} 2(0.2) 0 (0.0) 0.139
abhscess
fleus 20 (0.3) 2 (0.1} 2 (0.2) 4(0.2) 0.309
Genitourinary complications 63 (0.9) 26 (1.0) 9 (0.8) 10.0) 0,001
Disruption of operation 63 (0.9) 3(0.1) 9 (0.8) 1{0.0) =0.001
wound
Colorectal injury 34 (0.5) 7 (0.3) 6 (0.5) 0 (0.0) 0.010
Other intraoperative 23 (0.3) 4(0.2) 9 (0.8) 0 {0.0) <0.001
complications
Otherst 25 (0.3) 5(0.2) 5 (0.4) 1 (0.0) 0.679
' Anesthesia time, mini 268 (223-323) 329 (270-386) 304 (252-356) 322 (279-382) <0.001
Pastoperative length of 14 (11-17) 11 (9-14) 13 (11-17) 11 (2-13) <0.001
stay, daysi
Total costs, SUSTE 10 946 (10 098-12 035) 14 160 (13 409-15 121) 12 911 (12 063-14 147) 15 676 (14 584-16 495) <0.001
Costs excluding operation, 4616 (3240-5526) 4208 (3527-4982) 4642 (3878-5855) 4434 (3758-5123) <0.001

The number of events was 10 or less. In-hospital mortality (n = 9, P = 0.22), pseudomembranous enterocolitis (n = 5, P = 0.10), stroke (n = 9,

P = 0.87), pneumonia or flu (n = 10, P = 0.56), and acute renal failure (n = 5, P = 0.40). ;Values were transformed into log-10 values for the mod-
eling bhecause of their skewed distributions. §$US1 = ¥100. DIC, disseminated intravascular coagulopathy; IOR, interquartile range; MIE-RP, mini-
mat incision endoscopic radical prostatectomy.

were abstracted from 352, 90, 68, and 45 institutes in the DPC
database. The number of cases accounted for approximately
60% of all radical prostatectomies carried out in Japan.™ Fig-
ure | shows the chronological trend for the four types of radi-
cal prostatectomy between April 2012 and March 2013, The
proportion of RARP increased by approximately 2.8 times dur-
ing the 12 months (from 8.6% to 24.1%; Cochran—-Armitage
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trend test, P < 0.001), whereas ORP and MIE-RP lost their
share (P < 0.001). Table 1 presents the dewails of the patient
baseline characteristics and the outcomes without background
adjustment. Tn general, compared to the three conventional rad-
ical prostatectomies, RARP was carried out in patients with a
slightly vounger age, lower CCL and earlier oncological stage
at the institutions with high hospital volume and academic sta-
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Table 2. Multivariate regression analyses for propensity-score-adjusted outcomes among robot-assisted radical prostatectomy (RARP) versus
three other types of radical prostatectomy registered in the Japanese Diagnosis Procedure Combination database between April 2012 and

March 2013
RARP versus ORP RARP versus LRP RARP versus MIE-RP

Parameter

Estimate (95% CI) P-value Estimate (95% Cb) P-value Estimate (95% Cl) P-value
Average no. of pairs 989 1407 592
No. of hospitals included 45 vs 163 45 vs 77 43 vs 57
Logistic regression model (odds ratio)
Overall complications 0.25 (0.15-0.41) <0.001 0.20 (0.13-0.31) <0.001 0.33 (0.18-0.64) <0.001
Autologous transfusion 0.04 (0.03-0.05) <0.001 0.31 (0.26-0.38) <0.001 0.10 (0.07-0.14) <0.001
Homologous transfusion 0.16 (0.08-0.32) <0.001 0.48 (0.25-0.91) 0.025 0.14 (0.06-0.33) <0.001
Linear regression model (difference in percentage)
Anesthesia time, miny +42.6% (39.0-46.2) <0.001 +6.9% (5.0-8.8) <0.001 +23.9% (20.4-27.4) <0.001
Postoperative length of stayt —-9.1% (~12.0 to —-6.2) <0,001 +0.9% (~1.5 to 3.4) 0.459 —18.5% (-21.5 to ~15.4) =<0.001
Total costs, $UST'T +52.4% (49.5-55.4) <0.001 +13.2% (11.9-14.6) <0.001 +22.8% (19.7-26.1) <0.001
Costs excluding operation, $USt 3 -5.1% (-7.3 to -2.9) <0.001 ~1.8% (~4.4 10 0.9) 0.195 ~-10.3% (-13.0t0 -7.4) <0.001

The effect of hospital clustering was regulated by generalized estimating equations. 7Values were transformed into log-10 values for the model-
ing because of their skewed distributions. $$UST = ¥100. Cl, confidence interval; LRP, laparoscopic radical prostatectomy; MIE-RP, minimal inci-

sion endoscopic radical prostatectomy.

tus. Regarding outcomes, low incidences of transfusion and
complications drew our attention. After the process of missing
imputation and the subsequent one-to-one propensity-score
matching process, 989, 1407, and 592 pairs (on average) were
generated between RARP versus ORP, RARP versus LRP, and
RARP versus MIE-RP Table S2. Average C-statistics of the
propensity score for each maiching were 0.933, 0.757, and
0.898, respectively. After the matching, the background varia-
tions were closely balanced (data not shown).

Table 2 shows the results of the multivariable regression
analyses for the outcomes. Compared with ORP, LRP, and
MIE-RP, RARP was generally associated with a significantly
lower complication rate (odds ratios 0.25, 0.20, 0.33, respec-
tively), autologous transfusion rate (0.04, 0.31, 0.10, respec-
tively), and homologous transfusion rate (0.16, 0.48, 0.14,
respectively) as well as lower cost excluding operation (differ-
ences, —5.1%, —1.8% [not significant], —10.8%.) and a shorter
postoperative length of stay (-9.1%, +0.9% [not significant], —
18.5%, respectively). However, RARP also showed a + 42.6%
increase in anesthesia time and a + 52.4% increase in total
cost compared with open surgery. The postoperative length of
stay for the RARP group was comparable to that for the LRP
group.

Discussion

This study is the first to compare perioperative outcomes
between RARP and conventional radical prostatectomies in
Japan at the national level. We knew that with 2012 being the
first year of RARP approval by the Japanese national universal
health care insurance the accumulation of experience with
RARP would be limited. Despite that, by using a national
database population for our analysis of perioperative outcomes,
we showed that RARP was associated with substantially lower
incidences of transfusion use and complications. We also
found that the high total cost of RARP must be kept in mind.
Fewer than 20 hospitals in Japan had surgical robots at the
end of 2011. It was reported, however, that the plan was to
introduce more than 100 surgical robots by the end of 2013
throughout Japaﬂ.‘g) According to our data, RARP, which in
April 2012 had the smallest share among the four types of rad-
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ical prostatectomy that we studied, steadily increased its case-
load and became the second most popular approach after the
first 12 months of its availability. In the face of this dynamic
change, it is essential to evaluate the safety and feasibility of
RARP compared with other conventional surgeries. The pres-
ent study provided a comprehensive answer that RARP suc-
cessfully produced satisfactory performance at least in terms
of perioperative outcomes during its initial year in Japan. The
most distinctive feature was the difference in transfusion use
between ORP and RARP, where the odds ratios of autologous
and homologous transfusion use during RARP were about 1
/25th and 1/7th, respectively, of those during ORP. Claims of
a less invasive nature of RARP over ORP have been described
in several publications.”™” The results of the current study are
noteworthy in that the favorable outcomes with RARP had
been achieved at an early phase of the introduction of the tech-
nology. The shorter postoperative length of stay and lower cost
excluding operation associated with RARP also supports the
concept of less invasiveness and quicker recovery with RARP
than with ORP or MIE-RP.

However, in terms of comparisons between RARP and LRP,
several reviews and RCTs noted that the difference in periopera-
tive outcomes between the two techniques was marginal. For
example, three of four recent meta-analyses and both RCTs
reported similar transfusion rates for RARP and LRP*™®
whereas our data indicated significantly lower rates of complica-
tions and transfusions with RARP compared with those with
LRP. One reasonable explanation was that this was a popula-
tion-based study that included not only highly skillful facilities
but also a wide variety of hospitals, which might more directly
reflect the outcomes in real-world clinical practice.

Regarding the anesthesia time, RARP had the longest dura-
tion among the four types of radical prostatectomy, even
though existing publications mainly reported similar or shorter
operation times for RARP than for LRP.%6¥ This difference
is probably because many of our RARP surgeons were still
only at the half-way point of their learning curve. Doumere
et al®® reported that experience with approximately 110
RARPs was required to achieve the proficiency of a 3-h opera-
tion time. However, we think that other favorable outcomes of
RARP offset the negative feature of a long anesthesia time.
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