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Abstract

Purpose In recent years, colorectal cancer surgery has
benefitted from new techniques such as laparoscopy and
robotic surgery. However, many treatment disparities exist
among different centers for patients affected by the same
kind of tumors.

Methods Forty-five (41%) open (OCO) vs. 30 (28%)
laparoscopic (LCO) vs. 34 (31%) robotic-assisted (RCO)
colectomies and 34 (40%) open (ORR) vs. 52 (60%) robotic
(ROR) rectal resections performed during a 15-month period,
in elective setting, were compared. Patients presenting
contraindications for minimally invasive procedures were
excluded from the study, so that all the enrolled patients
were suitable for either of the surgical procedures.
Results Overall morbidity rates were similar among groups.
Perioperative mortality was nil. No significant differences
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were noted as for total number of lymph nodes harvested
between arms. Mean time (days) to first bowel movement
to gas was 3.3 vs. 2.3 vs. 2.6 for OCO, LCO, and RCO,
respectively (p<0.001), and 3.3 vs. 2.0 for ORR and ROR,
respectively (p=0.003). Among several European Organi-
zation in Research and Treatment of Cancer QLQ-C30
functional scales considered only physical functioning was
significantly better at 30 days for RCO vs. OCO (96.3£10
RCO vs. 85.5+12.6 OCO; p=0.015). Robotic surgery was
much more expensive in comparison to open as well as
laparoscopic procedures.

Conclusions Laparoscopic and robotic surgeries for colorectal
cancer present both the same advantages in comparison to
open procedures in terms of faster recovery. However,
our data do not seem to support the routine use of RCO
as a cost-effective procedure.

Keywords Colorectal cancer- Robotic surgery-
Laparoscopic surgery- Quality of life - Cost analysis -
Appropriateness

Abbreviations

FTS Fast-track surgery

QoL Quality of life

CRM Circumferential resection margin
CT Computed tomography

TME Total mesorectal excision
MBP Mechanical bowel preparation
MV Inferior mesenteric vein

IMA Inferior mesenteric artery

SSI Surgical site infection

ERAS  Enhanced recovery after surgery

EORTC European Organization in Research and
Treatment of Cancer
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0CO Open colectomies

LCO Laparoscopic colectomies
RCO Robotic colectomies
ORR Open rectal resections
ROR Robotic rectal resection
BMI Body mass index

[TME  Laparoscopic TME
Introduction

Surgical care today for colorectal cancer patients can
benefit from new technologies such as laparoscopic and
robotic surgeries, and more recently by evidence-based
enhanced recovery programs like fast-track surgery (FTS)
[1-3]. However, clear indications for their use are lacking,
in particular for locally advanced cancers. Quality-of-life
(QoL) indicators have been evaluated for these patients in
recent years [4, 5], as well as more traditional outcomes
such as perioperative mortality, complications, long-term
survival rates, and all these have been taken into
consideration to assess the overall appropriateness of the
treatment delivered. Moreover, new concepts especially
regarding colonic cancer surgery have recently been
addressed focusing on the oncologic quality of surgery [6].
This is reflected by the quality of the specimen both for
colon and rectal cancers, the status of the circumferential
resection margin (CRM) in rectal cancer, the distance of
the tumor to the vascular tie, rectal or colonic inadvertent
perforation and the number of lymph nodes retrieved
[6, 71).

The aim of the study was to provide a prospective
registration of data concerning colorectal cancer resections
using three different approaches (open vs. laparoscopic
vs. robotic), where all the patients enrolled were
suitable for any one of the procedures, and to define
the cost-effectiveness, the oncologic quality of surgery
and QoL following each treatment modality.

Patients and methods

This is an observational cohort prospective study. Data from
195 consecutive and unselected patients affected by
colorectal cancer who underwent elective radical resection
during a 15-month period were prospectively collected.
Study tasks comprised systematic registration of data
regarding the surgical procedures and the postoperative
period. This study was approved by our institutional review
board, and written informed consent from each patient was
obtained. Exclusion criteria were: cancer with intestinal
obstruction or perforation, local tumors that were resectable
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via transanal access, adjacent organ invasion requiring en
bloc multiorgan resections, distant metastasis, and previous
open abdominal surgery for cancer. The choice from
among three different surgical approaches for colon
cancer (open, laparoscopic, and robotic) and two for
rectal cancer (open and robotic) was based on the skill
and experience of the referring physician. Patients
presenting a contraindication to a minimally invasive
approach were excluded from the study.

Preoperative staging was performed using a thoraco-
abdominal computed tomography scan, abdominal magnetic
resonance imaging, and endoscopic ultrasound as single
modalities or in combination depending on surgeon
preference. All patients underwent at least one form of
preoperative imaging for staging purposes. Patients
whose tumor was localized within 12 cm of the anal
verge, as defined by Nelson et al. [8], were treated
according to institutional policy with elective total
mesorectal excision (TME). Rectal cancer patients with
locally advanced tumors (T3, T4, or N positive) defined by
preoperative staging investigations, received conventional
radiotherapy for a total of 50.4 Gy and concomitant
chemotherapy:.

Preoperative antibiotics (cephoxitin, 2 g) and antithrom-
botic prophylaxis (low molecular weight heparin) were
administered before surgery. Mechanical bowel preparation
(MBP) with polyethylene glycol was administered the day
before surgery according to surgeon preference. Some
patients enrolled in this study were also randomized to
receive MBP or not in a trial started at our Institute in
October 2007 (NCT00940030).

Surgical technique

Rectal resections were performed in cases of tumors located
within 12 ¢cm above the anal verge (by rigid sigmoidoscopy)
and colectomies for all the remaining cases.

Tumor resections were performed en bloc after the
complete mobilization of the right colon and ligation of
the ileocolic and, where present, the right colic vessels at
the origin from the superior mesenteric vein and artery,
respectively. In cancers of the transverse colon, middle colic
vessels were usually ligated after mobilization of hepatic
and splenic flexure. For cancers involving the splenic
flexures and proximal descending colon, the root of the
inferior mesenteric artery was usually preserved, with a
central tie of the left ascending colonic artery. In cancer of
the middle down to the sigmoid colon, left colectomy was
performed with ligation of the root of the inferior
mesenteric artery (Fig. 1) and the vein below the pancreas
(Fig. 2). Proximal colonic division was performed
depending upon the site of tumor, with the distal
transection line always at the upper third of the rectum.
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Fig. 1 Ligation of the inferior mesenteric artery a at the origin with
the aorta b during robotic left colectomy

Anastomoses were established by stapling devices,
usually performed in an end-to-end fashion for left and
rectal resections and were termino-lateral for right colon
resections. In low rectal cases, we performed anastomoses
according to Knight—Griffen’s technique [9]. Staplers were
routinely used. Standard resections were defined as tumor
resections including standard lymph nodes dissections
restricted to the tumor-bearing bowel section [10]. Anterior
and abdominoperineal resections of rectum were invariably
performed employing the TME technique for both arms.
Robotic surgery was performed employing the Da Vinci
System® in all cases. Open procedures were performed by
seven surgeons (BA, RB, AC, PB, EB, FL, and SP),
laparoscopic by two surgeons (PB and CC) and robotic by
three surgeons (RB, PB, and FL), each one having
performed at least 30 colorectal resection/technique (study
arm) at the time of first patient’s enrolment in this study. In
Fig. 3, the moving average curves show no significant
changes in operating time for all 86 robotic colorectal
resections, indicating that the first plateau was reached
before the study was started. Indication for minimally
invasive approach for colon and rectal cancer patients was

Fig. 2 Stump of the inferior mesenteric vein a ligated and sectioned
below the pancreas b, ¢ prerenal fat
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Fig. 3 Time series with moving average smoothing for duration of
surgery. (p for randomness=0.994)

based on the referring physician’s surgical experience and
preference.

In laparoscopic colectomies (LCO), intracorporeal
anastomoses were usually fashioned [11]. Full robotic
left colon and rectal resections were always performed
with robotic mobilization of the splenic flexure and
intracorporeal anastomosis in all cases [12]. The distal
rectum was stapled laparoscopically, and the specimen
extracted through a 7-cm transversal incision in the lower
abdominal quadrant—usually enlarging a robotic trocar
access—when a low anterior resection was performed. In
case of intersphyncteric rectal resection, no suture line was
applied to the rectum and the specimen was retrieved
through the intersphyncteric perineal access, followed by
sectioning the colon at the desired level and performing a
hand-sewn double-layered colo-anal anastomosis at the
dentate line. In robotic right colectomies, the anastomosis
was extracorporeal.

Clinicopathological data

We prospectively registered type and duration of surgery,
postoperative hospital stay, intraoperative bleeding (mL),
perioperative blood transfusions, overall complication rate,
anastomotic dehiscence, wound infection, intraabdominal
abscesses, postoperative day of first bowel movement to
gas and stool and postoperative day of resumption of solid
diet. For this, we defined the surgical site infections (SSI)
as follows [13]:

1. Anastomotic dehiscence: any anastomotic leak verified
at surgery, at contrast radiography or evidence of faecal
discharge from drain

2. Wound infection: superficial infection needing surgical
drainage of the wound associated with positive bacterial
culture
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3. Deep abscess: deep infection verified by radiography or
surgery needing surgical and/or antimicrobial therapy

Pneumonia was defined as abnormal chest radiograph-
with fever (>38°C) and a white blood cell count exceeding
12,000 cells/pl with a positive culture of sputum or at
bronchoalveolar lavage. We assumed overall morbidity to
include grades I-1V surgical complications as defined by
Dindo et al. [14].

All patients were closely followed postoperatively with
two independent observations per day. Solid diet was
administered to patients within 12 h from the first bowel
movement to gas. Patients were discharged according to the
enhanced recovery after surgery (ERAS) [15] discharge
criteria (1, adequate analgesia with oral medication; 2,
tolerating oral intake and passage of flatus; 3, adequate and
safe mobility).

We registered the total number of lymph nodes harvested
and calculated the lymph node ratio as the number of
positive lymph nodes divided by the total number of lymph
nodes within one sample. We reported the length of the
specimen (mm) and the tumor distance to the closest
margin (mm). In rectal cancer, we evaluated the CRM
positivity rate.

QoL data

Quality of life was measured using the European Organization
for Research and Treatment of Cancer (EORTC) QLQ C-30,
developed by the EORTC study group [16, 17]. This
represents a frequently used (internationally), validated,
30-question cancer-specific health-related questionnaire.
In this study, we analyzed the global QoL score and all
functional (physical, emotional, role, social, and cognitive)
and symptom (fatigue, pain, insomnia, nausea, and vomiting)
scales as well as financial and global health status. Each
item has four answer categories: 1=not at all, 2=a little,
3=rather a lot and 4=very much. Scores were transformed
into a scale from 0 to 100 according to the manual on which a
higher global QoL score and higher functional scores
corresponded with better QoL. Patients were given the
questionnaire at discharge, and were asked to fill it in
30 days after surgery.

Administrative (cost) data

We considered the following cost items for each surgical
procedure:

1. Diagnostic (preoperative blood analysis, chest radiogram,
ECG, and anesthesiology evaluation)

2. Pathologic (specimen pathology evaluation)

3. Drugs and materials
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4. Disposable instruments (e.g., staplers, trocars, energy
cautery devices, etc.)

Robot depreciation costs

Hospital stay costs

Indirect costs

Personnel costs

W

Da Vinci® depreciation costs were calculated assuming
that the robot system is routinely employed in general
surgery, urology, gynecology, thoracic surgery, and head and
neck surgery. In our Institute, about 15 robotic procedure
are performed per week overall.

Statistical analysis

For the scope of the study, we performed subgroup analysis
for colon resections establishing three surgical arms
according to surgical approach: open colectomies (OCO),
laparoscopic colectomies (LCO), and robotic colectomies
(RCO) and two arms for rectal resections: open rectal
resections (ORR) and robotic rectal resections (ROR).

Preoperative (age, gender, ASA class, and neoadjuvant
therapy, BMI, previous laparotomies) and pathological
(pT3—4 tumors, pN+ tumors) characteristics, clinical results
(duration of surgery, hospital stay, intraoperative bleeding,
post-operative day of first bowel movement to gas and
oral alimentation, overall morbidity, wound infections,
anastomotic leaks, and abdominal abscess) and QoL scores
were summarized according to surgery and intervention
using either mean, median, and standard deviation or
counts and percentages for continuous and categorical
variables, respectively.

Normality assumption was checked using the Kolmogorov—
Smirnov test. Between-group comparisons were conducted
using the Kruskal-Wallis or the Wilcoxon two-sample
two-sided test for non-normal continuous data or chi-square
and Fisher’s exact test as appropriate.

The proportion of patients exceeding a given QoL score
for the Physical functioning domain and for Pain was
plotted against the score according to surgery. A time series
for the duration of surgery was constructed and plotted
against the sequential case index and tested for randomness
(e.g., no trend for duration of surgery) using a Wald—
Wolfovitz test [18]. Costs were calculated as weighted
averages.

Results
Clincopathological findings

From February 2009 to April 2010, 365 patients underwent
colorectal resection for primary cancer at the European
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Table 1 Colectomies: patients

characteristics and pathology Open Laparoscopy Robot p

findings N=45 N=30 N=34
Age (mean+SD) 63.4+10.0 62.0+£10.2 62.5+8.4 0.539
Male gender (N (%)) 29 (64) 17 (56) 16 (47) 0.584
BMI (mean+SD) 26.1+3.20 24.6+3.54 26.1+3.71 0.143
Previous laparotomies (N (%)) 16 (35.3%) 20 (38.5%) 19 (55.9%) 0.196
ASA class (N (%))

BMI body mass index, 1-2 36 (80) 27 (90) 29 (85) 0.217

ASA American society of 34 9 (20) 3 (10) 5(15)

anaesthesiologists

Institute of Oncology, Milan. Among these, 152 were
excluded from the present study mainly due to one or more
contraindications to laparoscopic or robotic surgery such as
previous major abdominal surgery and/or tumor infiltrating
at least one adjacent organ and 18 patients were also
excluded because of the presence of synchronous liver and/
or lung metastases. Accordingly, the body of the analysis
comprised a total of 195 patients (113 males and 82
females; median age, 63 years; range, 26—82 years) who
underwent colectomy (109 cases) and rectal resection (86
cases). Among the 109 colectomies, we performed 45 OCO
(41%), 30 LCO (28%), and 34 RCO (31%). Among the 86
rectal resections, there were 34 ORR (40%) and 52 ROR
(60%). Patient characteristics according to arm are reported
for colectomies and rectal resections in Tables 1 and 2,
where there are no statistically significant differences
among groups at baseline. Duration of surgery was
significantly longer for laparoscopic and robotic procedures
in comparison to open procedures both for colectomies and
rectal resections (Tables 3 and 4). Conversion to open
surgery rates were 2/30 (7%) for LCO, 2/34(6%) for RCO,
and 2/52 (4%) for ROR. No significant differences were
noted considering intraoperative bleeding (Tables 3 and 4)
between groups, although ORR was associated with
higher but still not significant intraoperative bleeding in
comparison to ROR. There were two cases of peritonitis
due to an inadvertent perforation of the small bowel, one

following a laparoscopic right colectomy and the other
after a robotic low anterior resection of rectum. In both
cases, patients were reoperated on postoperative day 1.
No other intraoperative complications that were recog-
nized during surgery occurred. There were five of 34
(15%) and four of 52 (8%) abdominoperineal resections
in ORR vs. ROR (p=0.349) and 17/29 (59%) vs. 35/48
(73%) diverting stomas, respectively (p=0.134). Minimally
invasive procedures showed a better outcome in terms of
both time to first bowel movement to gas (days) and time to
resumption of solid diet (days) both for colectomy and rectal
resection arms (Tables 3 and 4).

No significant differences regarding overall morbidity
rates (grades [-IVaccording to Dindo et al. [14] were noted
among the different arms (Tables 3 and 4). Perioperative
mortality (within 30 days from surgery) was nil. The same
result was obtained considering SSI complications separately
where anastomotic dehiscence rates registered were two of 45
(4%) OCO vs. one of 30 (3%) LCO vs. one of 34 (3%) RCO
(»p=0.869) and three of 34 ORR (9%) vs. six of 52 ROR
(12%) (p=0.311). A significant difference in wound infec-
tions was registered in favor of ROR vs. ORR (1/52, 2% vs.
5/34, 15%, respectively, p=0.034).

Postoperative hospital stay was significantly shorter for
LCO vs. OCO (mean, 5.3 days vs. 7.4 days, respectively;
p<0.001) and for ROR vs. ORR (7.9 vs. 8.7, respectively;
p=0.004) (Tables 3 and 4).

Table 2 Rectal resections:

patients characteristics Open Robot p
and pathology findings N=34 N=52
Age (mean+SD) 63.2+10.5 59.6+11.6 0.241
Male gender (N (%)) 20 (59) 31 (60) 0.928
BMI (mean+SD) 25.6+3.85 24.8+3.62 0.344
Previous laparotomies (N (%)) 12 (35.3%) 20 (38.46%) 0.766
ASA class (N (%))
1-2 28 (82) 49 (94) 0.146
34 6 (18) 3 (6)
Distance from anal verge, mean (range) 9.7 (3-25) 8.4 (3-20) 0.312
Neoadjuvant therapy N (%) 15 (44) 24 (46) 0.515
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Table 3 Clinical results for
colectomies, according to
different arms

Robot
N=34

Open
N=45

Laparoscopic
N=30

Median (range)
Duration of surgery (min)*: **
Hospital stay (days)*

#<0.001 (laparoscopy Vs. Intraoperative bleeding (mL)

open—Wilcoxon test);
**p<0.001 (robot vs.
open—Wilcoxon test);
***p=0.003 (robot vs.
open—Wilcoxon test);
**%%p=0.005 (robot vs.
open—Wilcoxon test). All
other comparisons were not
significant (lowest
non-significance p=0.153 for
(hospital stay): open vs. robot)

Post-opeartive day of
Bowel movement gas*> ***
Oral alimentation™: ****

N (%)

Overall morbidity®
Wound infections
Anastomotic leaks
Abdominal abscess
All SSI

* Grades I-1V complications Re-intervention within 30 days

according to Dindo et al. [14]

133 (55-210)
6 (5-32)
150 (50-500)

210 (150-360)
5(3-12)
110 (50-300)

194 (130-301)
5 (4-17)
170 (80-1,000)

3 (1-12) 2 (1-5) 2 (2-7)
3 (3-19) 3 (1-9) 32-7)
10 (22) 4 (13) 6 (18)
1) 1 (3) 0

2 (4 1 3) 103)

0 13) 103)
3(7) 3(10) 2(6)

2 (4) 13) 0

At pathology evaluation, there were no differences in
the distribution of locally advanced cases pT3—4 and/or
N-positive tumors between arms (Tables 5 and 6). In N1/2
(stage III) patients, there was a significantly lower lymph
node ratio for RCO, in comparison with OCO (0.25 OCO
vs. 0.07 RCO; p=0.014. The length of bowel resected was
significantly longer following either laparoscopic or
robotic procedures in comparison to open procedures both
for colectomies and rectal resections (see Tables 5 and 6).

QoL data

Of the 195 EORTC QLQ-C30 questionnaires administered,
131 (67%; 71 for colon and 60 for rectal subgroups) were

returned after a median of 34 days (range, 28-42 days). We
evaluated all functional and symptom scales. No significant
differences were registered between arms, except for
physical functioning which was better for robotic procedures
in comparison to open resections overall (RCO, 96.3+10.0 vs.
0OCO, 85.5£12.6; p=0.015). The inferior non-significant
difference between arms was noted for RCO, 90.9+15.2 vs.
0CO, 80.4+23.6 as for role functioning scale (p=0.067).
Physical functioning was significantly better after RCO vs.
OCO (93.6£8.1 vs. 88.2+11.3; p=0.02) (Fig. 4a) as well as
after ROR vs. ORR (89.9+£9.4 vs. 83.6+10.2) (p=0.03)
(Fig. 4b). For patients who underwent rectal resection the
impact of a stoma was not significant for each functional
and symptom scale. In particular, we registered the scores

Table 4 Clinical results for
rectal resections, according
to different arms

#Wilcoxon or Fisher’s exact test
where appropriate

Open Robot p value?
N=34 N=52
Median (range)
Duration of surgery (min) 164 (100-350) 260 (190-570) 0.001
Hospital stay (days) 7.0 (4-24) 6 (4-51) 0.004
Intraoperative bleeding (mL) 120 (50-2,000) 100 (50-1,000) 0.146
Post-op day of
Bowel movement gas 3 (1-9) 2 (1-5) 0.003
Oral alimentation 3 (2-12) 2 (1-13) 0.001
N (%)
Overall morbidity® 11 (32) 14 (27) 0.775
Wound infections 5 (15) 1(2) 0.034
Anastomotic leaks 309 6 (12) 0.642
Abdominal abscess 2 (6) 1(2) 0.287
All SSI 10 (29) 8 (15) 0.118
Re-intervention within 30 days 0 2 (4) 0.516

®Grades -1V complications
according to Dindo et al. [14]
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Table 5 Colectomies—
pathology findings Open Laparoscopy Robot
N=45 N=30 N=34
pT3—4 Tumors (N (%)) 24 (53) 17 (57) 22 (65)
pN+ Tumors (N (%)) 17 (38) 8 (27) 13 (38)
Median no. of lymph nodes retrived 20 23.5 25
Range 7-63 8-46 12-51
Positive nodes retrieved
All patients
Median 0 0 0
Range 0-30 0-22 0-11
N1/2 patients
Median 4.5 6 2
Range 1-30 1-22 01-11
Negative nodes retrieved
All patients*
Median 19 22.5 24
Range 0-63 346 10-51
N1/2 patients**
Median 13 20 25
Range 0-36 3-36 10-46
Lymph node ratio
All patients
Median 0 0 0
Range 0-100 0-87 0-38
N1/2 patients®**
Median 25 14 7
Range 3-100 5-87 2-38
Bowel length right colectomies
Length of large bowel (mm)
Median 185 224 183
Range 70-384 162-427 115-282
Length of small bowel (mm)
Median 56 59 42
Range 15-124 30-85 22-128
Closest margin®***
*p=0.041 (open vs. robot); Median 851 115 105
**p=0.018 (open vs. robot); Range 30-125 43-182 57-164
***p=0.014 (open vs. robot); .
*xrk—( 031 Bowel length left colectomies
(open vs. laparoscopy); Length of large bowel (mm)*####: skskixx
rErrp=0.02 Median 120 186 177
iiﬂiij;; 18%"‘;’(503’;”;& T L 16-440 90-454 105-380
*******p=0021 Closest margln*******v sk sk sk skeoskokosk ok
(open vs. laparoscopy); Median 32 41 37
Rorkickiontp=0.035 Range 10-101 13-85 12-110

(open vs. robot)

of 85.0+£16.7 vs. 84.3+£11.2 (p=0.41) for physical and
67.1+£9.2 vs. 62.2+14.3 (p=0.48) for social functioning and
a global health status of 84.5+12.5 vs. 87.2+15.3 (p=0.95)
in patients with or without a stoma, respectively.

Costs issues

Considering hospital costs, robotic surgery was more
expensive in comparison to open or laparoscopic procedures,
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Table 6 Rectal resections—pathology findings

Open Robot P
N=34 N=52
pT3—4 Tumors (N (%)) 19 (56) 24 (46)  0.378
pN+ Tumors (N (%)) 9 (26) 21 (40)  0.186
Median N° of lymph nodes retrived 16 20.5 0.099
Range 646 543
Positive nodes retrieved
All patients
Median 0 0 0.263
Range 0-13 0-13
N1/2 patients
Median 1 2 0.694
Range 1-13 1-13
Negative nodes retrieved
All patients
Median 14 19.5 0.120
Range 646 4-42
N1/2 patients
Median 12 16 0.295
Range 7-33 04-12
Lymph node ratio
All patients
Median 0 0 0.301
Range 0-52 0-45
N1/2 patients
Median 8 13 0.982
Range 3-52 2-45
Length of large bowel (mm)
Median 162 194 0.023
Range 71-357 85420
Distal margin (mm)
Median 26 26 0.370
Range 1-80 1-70
CRM involvement
Negative (N (%)) 32(94) 50(96) 0.661
Positive (N (%)) 2 (6) 24

mainly due to the Da Vinci depreciation costs (Tables 7 and 8).
RCO was 2059 € more expensive than LCO and 2139 € than
OCO. ROR was associated with an increase in costs of
1356 € in comparison to ORR.

Discussion
We found minimally invasive colorectal surgery to be

associated with a faster recovery in terms of bowel function
and resumption of solid diet than traditional open surgery.
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Following this, we noted a shorter hospital stay for
laparoscopic and robotic procedures vs. open surgery in
comparison to open procedures, using ERAS criteria for
hospital discharge. No significant difference was noted
regarding postoperative complications, as well as for
intraoperative bleeding or the need of blood transfusions,
although a significant shorter duration of surgery was
registered for OCO and rectal resections. Regarding QoL,
a significantly better physical functioning was found
following robotic procedures among groups as evaluated
by the EORTC QLQ-C30 questionnaire. Nonetheless, we
reported increased costs for robotic surgery. No substantial

P=0.02
a Robotic vs Open

1001
901
80+
701
60 1
501
40+
301
201
10+

93.6 P=0.90

.

74.2 75.0 76.1

88.2 86.2

EORTC Score

o

N Lapa
S Open
@5 Robotic

100+ r —I

EORTC Score

&d‘\{& \‘\ ej‘&“ 9‘3\“
Sl

\ta\

mmms QOpen
?‘\‘5

@ Robotic

Fig. 4 a QoL scores for patients undergoing who underwent
colectomy resection (p=0.02 in favor of robotic resection for physical
functioning). Values calculated on 71 questionnaires returned out of
109 (65.1%); b QoL scores for patients undergoing who underwent
rectal resection (p=0.03 in favor of robotic resection for physical
functioning). Values calculated on 60 questionnaires returned out of 86
(69.8%)
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Table 7 Cost analysis for the 109 colectomies, according to arm

Open Laparoscopic Robotic
Diagnostic costs® 547 547 547
Histology processing 145 145 145
Drugs and materials® 483 483 483
Disposable materials® 1,694 2,066 3,166
Robot depreciation charge 0 0 914
Hospital stay 3,625 2,750 3,000
Indirect costs® 795 1,128 1,011
Personnel costs® 599 849 761
Total 7,888 7,968 1,0027

Costs were calculated as weighted average

 Diagnostic costs refer to any preoperative exam excluding staging
® Materials and drugs employed during the operation

¢ Disposable tools (e.g., staplers and trocars)

4 Operative theater indirect costs (e.g., room cleaning, energy, etc.)
¢ Staff directly involved in the surgical procedure

short-term advantages were noted for robotic vs. laparoscopic
colon resections.

COST Study Group, MRC CLASICC, COLOR, and
ALCCaS randomized trials [4, 5, 19, 20] advocated the
superiority of laparoscopic colon surgery in comparison to
open surgery when considering short-term outcomes. After
those trials were initiated, the introduction of several
perioperative treatment protocols (FTS and ERAS criteria)
pointed out the need for health care providers to establish
which treatment was to be considered appropriate for each
patient. Although many of the abovementioned papers
compared open vs. laparoscopic colon resection, no
literature exist comparing open vs. laparoscopic vs. RCO.

Table 8 Cost analysis for the 86 rectal resections, according to arm

Open Robotic
Diagnostic costs® 547 547
Histology processing 145 145
Drugs and O.R. materials® 483 483
Disposable materials® 2,511 3,140
Robot depreciation charge 0 914
Hospital stay 4,500 3,500
O.R. indirect costs® 954 1,417
Personnel costs® 718 1,067
Total 9,858 11,214

Costs were calculated as weighted average

 Diagnostic costs refer to any preoperative exam excluding staging
® Materials and drugs employed during the operation

¢ Disposable tools (e.g., staplers and trocars)

4 Operative theater indirect costs (e.g., room cleaning, energy, etc.)
¢ Staff directly involved in the surgical procedure

In our study, patients were not treated within a formally
addressed FTS protocol: indeed it is debatable whether
better recovery following minimally invasive procedures
would be confirmed if all our patients were treated
assuming the same FTS elements. On this aspect, the
blinded trial by Basse et al. [21] was unable to demonstrate
any difference between laparoscopic and open colorectal
surgery within a multimodal rehabilitation protocol, as
regards length of hospital stay or functional recovery.
Another trial [22], which was not blinded, suggested a
superiority of laparoscopy (hospital stay significantly
shorter, 5.2 vs. 7.4 days and better performance score in
day 2), but one cannot exclude a placebo effect due to the
absence of blinding. These conflicting results have also
been reported in non randomized studies. However, several
questions remain to be answered regarding the cost-
effectiveness of fast-track laparoscopy compared with fast-
track laparotomy. The ongoing LAFA trial [23] could
answer these questions.

Some authors have recently advocated the robotic option
as a possible way to facilitate the adoption of minimally
invasive rectal surgery [24] with no detrimental effects on
oncologic outcomes [25]. In this respect, the oncologic
quality of surgery was not affected by the laparoscopic or
robotic approach both for colon and rectal resections.
Moreover, lymph node ratio in stage III patients was more
favorable after RCO. Most notably, our series of minimally
invasive-treated patients is composed of a high proportion
of T3—4 cases both in colectomies and rectal resections.

On this topic, two comparative, non-randomized studies
have recently been published [26, 27]. One of these was by
our group, which compare robotic and laparoscopic TME
for rectal cancer, where no substantial differences in
short-term outcomes were reported between robotic and
laparoscopic rectal resections. However, the authors of
both papers concluded that for rectal resections with
TME the technical advantages of the robotic surgical
system made it easier to adopt as an alternative approach
to open surgery, in comparison to laparoscopy.

This is the first study considering QoL issues in a
population of patients who underwent robotic colorectal
resection. We found a better physical functioning for robotic
procedures after 1 month in comparison to open procedures
and no difference between the laparoscopic and robotic
approach. This positive effect of robotic surgery on physical
functioning was confirmed both for colectomies and rectal
resections separately.

This study presents several weak points. First, this is not
a randomized study, so any new possible advantage for
laparoscopic or robotic procedures demonstrated should be
carefully considered (e.g., QoL results, lymph node ratio).
Second, we did not administer the EORTC QLQ-C30 to
patients before surgery, and QoL results could be affected by
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the fact that our study is not blind. Indeed, this issue is quite
complex to manage, where heterogeneity of the colorectal
cancer patients population, especially related to whether
or not preoperative chemo-radiation was administered,
stage of disease and patients’ expectations for different
type of surgical technologies used, can cause confounding
information at baseline. Finally, we did not provide a
laparoscopic rectal resection arm, due to the policy of our
institution. Our reasons take into account the strategic
value of this choice with the commencement of robotics
as the leading procedure for minimally invasive surgery
at that time and the need to avoid a too long learning
curve, resulting from a small number of robotic-treated
rectal cancers.

We found that RCO was more expensive than LCO, and
this is consistent with recently published papers [28, 29].
This difference was quite high in particular for robotic in
comparison with LCO (2059 €), despite there being no
difference in complications, advantages in a faster recovery
and QoL after 1 month. However, we believe that this
finding deserves careful consideration. Although our
analysis was quite accurate for hospital costs, assuming
direct and indirect costs, we did not take into account
the possible advantages in terms of society costs for
minimally invasive procedures, as a consequence of a
faster recovery. Moreover, we reported a significantly
higher incidence of wound infections for ORR in
comparison to ROR, where this kind of surgical
complication has been demonstrated to correlate with
increased costs [30].
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