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Background: Laparoscopic surgery for rectal cancer is associated with improved postoperative
outcomes compared to open surgery; however, economic studies have yielded contradictory
results. The aim of this study was to compare the clinical and economic outcomes of laparoscopic
versus open surgery for patients with rectal cancer.

Methods: Propensity score matching analysis was performed in a retrospective cohort of patients
who underwent elective low anterior resection for rectal cancer treatment by laparoscopic and
open surgery in a single Brazilian cancer center. Matched covariates included age, gender, body
mass index, pTNM stage, American Society of Anesthesiologists score, type of anesthesia,
neoadjuvant chemoradiotherapy, and interval between neoadjuvant chemoradiotherapy and
index surgery. The clinical and economic outcomes were evaluated. The follow-up period was
within 30 days of the index procedure. The clinical outcomes were reoperation, postoperative
complications, operative time, length of stay in the intensive care unit, and postoperative hospital
stay. For economic outcomes, a cost analysis was used to compare the costs.

Results: Initially, 220 patients were evaluated. After propensity score matching, 100 patients
were included in the analysis (50 patients in the open surgery group and 50 patients in the laparo-
scopic surgery group). There were no differences in patients’ baseline characteristics. Operative
time was longer for laparoscopic surgery (247 minutes vs 285 minutes, P=0.006). There were
no significant differences in other clinical outcomes. The hospital costs were similar between
the two groups (Brazilian reais 21,233.15 vs Brazilian reais 21,529.28, P=0.115), although the
intraoperative costs were higher for laparoscopic surgery, mainly owing to the surgical devices
and the theater-related costs. The postoperative costs were lower for laparoscopic surgery, owing
to lower intensive care unit, ward, and reoperation costs.

Conclusion: Laparoscopic surgery for rectal cancer is not costlier than open surgery from the
health care provider’s perspective, since the intraoperative costs were offset by lower postopera-
tive costs. Open surgery tends to have a longer length of stay.

Keywords: rectal cancer, laparoscopy, open surgery, propensity score matching, health care
costs, cost analysis.

Introduction

Colorectal cancer is the cancer with the third highest incidence in Brazil for both men
and women, with approximately 34,000 new cases expected for 2016, which represents
8.1% of total estimated newly diagnosed cancer cases.'
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Surgical treatment is indicated for most rectal cancer
cases. In Brazil, the standard and authorized surgical treat-
ment in the public health care system is open resection,
although reference centers also perform laparoscopic surgery.

Several studies have evaluated the differences between
surgical approaches for rectal cancer.>!! There seems to be
a consensus regarding the association between the use of
laparoscopy and lower hospital stay owing to faster recovery
of peristalsis and earlier resumption of oral diet.>® However,
for other short-term outcomes, the studies remain controver-
sial. While some show the superiority of the laparoscopic
approach, including lower hospital readmission and mortal-
ity,>"1? others have shown that the two techniques present
similar results regarding complications.®’

Another factor indicated as a determinant of short-term
postoperative outcome is the operative time, which directly
influences complications such as postoperative ileus and
surgical site infections,* and is an independent risk factor
for postoperative complications, even for laparoscopic sur-
gery.'*15 The surgeon’s experience is a key factor in shorten-
ing operative time for laparoscopic surgeries and decreasing
postoperative complications associated with longer operative
time'12,17—19

While laparoscopy can reduce costs because it promotes
faster nutritional and immune recovery conditions and
decreases the inflammatory response to surgical stress,>%!
the intraoperative technical difficulty may require longer
operative time.'>!""!° Moreover, the use of laparoscopic
medical devices may further increase the costs of surgical
treatment.?

Thus, laparoscopic surgery may be more or less costly
than open surgery. On one hand, it can increase costs relat-
ing to operative time and medical devices. On the other
hand, laparoscopic surgery may decrease costs relating to
postoperative hospital stay and postoperative complica-
tions.!%? The cost-effectiveness may be altered by the rate
of inclusion and implementation of the technique in the
country, as well as the volume of procedures performed by
surgeons and institutions.

In this context, a cost analysis was performed from the
health care provider’s perspective to compare the costs of
surgical treatment of laparoscopic versus open surgery for
rectal cancer at a high-volume, single-center institution.

Thus, the aim of this study was to compare laparoscopic
and open low anterior resection (LAR) using propensity score
matching (PSM) analysis. For the economic evaluation, a
cost analysis was performed to compare the costs of the two
techniques in relation to the short-term outcome.

Materials and methods

After obtaining approval from the local institutional Ethics
Review Board of the Faculty of Medicine of University of
Sao Paulo (FMUSP), a retrospective review of 220 consecu-
tive patients who underwent an operation for rectal cancer
between 2008 and 2012 at the Cancer Institute of the State
of Sao Paulo (Instituto do Cancer do Estado de Sao Paulo
[ICESP] HC-FMUSP) was conducted. The intraoperative and
30-day postoperative data were obtained by medical records
review between 2013 and 2014. As all the data analyzed
were obtained from the routine care of the patients and were
made anonymous by the researchers, no informed consent
was required.

Inclusion criteria

To be included in the study analysis, patients had to meet
the following criteria: adenocarcinoma of the rectum con-
firmed by histopathologic examination; elective LAR with
no additional procedures; and experienced digestive surgeons
performed all resections. During the study period, 405 rectal
cancer procedures were performed by the digestive surgeons,
including open and laparoscopic procedures. Patients who
underwent laparoscopy with extracorporeal anastomosis were
excluded from the study.

Preoperative assessment

All patients were evaluated by clinical and proctologic
examination, colonoscopy with tumor biopsy, abdominal and
thoracic computed tomography scan, and pelvic magnetic
resonance imaging to determine the preoperative stage.

Data collection

The following baseline characteristics were assessed for each
patient: age, gender, body mass index (BMI), neoadjuvant
chemoradiotherapy (CRT), interval between neoadjuvant
CRT and surgery, American Society of Anesthesiologists
(ASA) physical status score, type of anesthesia, and opera-
tive approach.

The following outcomes were evaluated: operative time,
30-day mortality after the procedure, length of stay in the
intensive care unit (ICU) and on the ward after surgery,
and 30-day postoperative complications according to the
Clavien—Dindo classification.?!

Cost estimation
A cost analysis was performed from a health care provider’s
perspective. Costs were obtained in Brazilian reais (BRL),
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provided by the hospital costs report of August 2011. These
include the costs of professional fees, prescription drugs,
imaging, and laboratory tests. Cost estimations were based
on the reference costs per hour of surgery, ICU stay per day,
hospital stay per day, and surgical device costs for each type
of procedure. All costs were inflation adjusted to the value
of Brazilian reais in February 2016. The follow-up period
for inpatient costs was 30 days from the index operation and,
in the case of reoperation, the costs related to the operative
time, the surgical devices authorized by the public health
care system, and the ICU and hospital stay were added to
the total inpatient costs.

The costs associated with medical devices were calculated
manually. For open LAR, the following surgical devices
authorized by the Brazilian public health care system were
considered: circular stapler, linear stapler, and linear cutter
stapler. For laparoscopic LAR procedures, the following
surgical devices were considered: one Veress needle, two
trocars, one flexible endoscopic stapler, one circular stapler,
and one harmonic scalpel.

The estimated cost for a ward bed was BRL 1,150 per day,
that for an ICU bed was BRL 3,856 per day, and the theater
cost was BRL 1,026 per hour. Considering an exchange rate
of BRL 1= USD 0.27, we obtained the following costs in
dollars: the cost for a ward bed was USD 310 per day, that for
an ICU bed was USD 1,041 per day, and the theater cost was
USD 277 per hour. For the costs related to surgical devices
for open and laparoscopic surgery, the prices paid by ICESP
HC-FMUSP in 2016 were considered.

Statistical analysis

All patient data were collected on a Microsoft Excel® spread-
sheet (Microsoft Corporation, Redmond, WA, USA) and were
divided into open and laparoscopic groups according to the
surgical approach. To minimize selection bias derived from
a retrospective observational study, PSM was performed to
generate two groups considering the following covariates:
age, gender, BMI, histopathologic TNM stage, ASA physi-
cal status score, type of anesthesia, neoadjuvant CRT, and
interval between neoadjuvant CRT and index surgery.?? The
two matched groups were compared regarding clinical and
economic outcomes. Logistic regression for the abovemen-
tioned covariates, considering nearest-neighbor one-to-one
matching, were performed to determine propensity scores.
The patient characteristics for each group were analyzed
to determine group parity. Fisher’s exact test was used for
categorical variables, and the Mann—Whitney U test, Brun-
ner—Munzel ¢ test, or Student’s ¢ test was used for continuous

variables, as appropriate. All analyses were performed using
the statistical software package R version 3.3.1 (The R Foun-
dation for Statistical Computing, Vienna, Austria). A P-value
less than 0.05 was considered statistically significant.

Patient and public involvement
Given the retrospective nature of this study, no patients were
involved during this study.

Results

Patient baseline characteristics
Between December 2008 and December 2012, a total of 220
patients underwent laparoscopic LAR (n=75) or open LAR
(n=145). The patient baseline characteristics are shown in
Table 1. There were significant differences between the two
groups regarding use of neoadjuvant CRT rate and interval
in the weeks between CRT and surgery, although the histo-
pathologic TNM stages were similar between the groups.
After PSM, two samples of 50 patients each were
obtained. An analysis of the baseline characteristics was per-
formed to evaluate the accuracy of the method, as shown in
Table 2. There were no significant differences between the two
matched groups regarding patient baseline characteristics.

Table | Baseline characteristics of 220 patients who underwent
LAR for rectal cancer, before matching

Open LAR Laparoscopic P
(n=145) LAR (n=75)
Gender (M:F) 85:60 34:41 0.065*
Age (years), mean £ SD  63.4%11.7 59.9+12.4 0.075°
BMI (kg/m?), mean £ SD  25.2+4.7 (3) 24.8+4.5 0.612°
Histopathologic stage (8) 2) 0.099*
(PTNM)
In situ, complete 44 32
response, and |
IIA-IVB 93 41
ASA physical status 0.094°
| 6 5
I 13 64
1] 26 6
Anesthesia 0.820°
General 15 9
Combined 130 66
Neoadjuvant CRT (2) 0.006*
No 55 15
Yes 88 60
Interval between CRT 182 (0-23) (4) 19.2(17-24) (I) 0.021<¢

and surgery (weeks),
median (q25—q75)

Notes: *Fisher’s exact test; "Mann—Whitney test; “Brunner—Munzel t test; () missing
data; *significant at P<0.05.

Abbreviations: LAR, low anterior resection; BMI, body mass index; ASA, American
Society of Anesthesiologists; CRT, chemoradiotherapy.
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Table 2 Patient characteristics of the sample after propensity
score matching (n=100)

Open LAR Laparoscopic P
(n=50) LAR (n=50)
Gender (M:F) 19:31 18:32 1.000?
Age (years), mean £ SD 6l1.1£11.2 59.6£13.1 0.541¢
BMI (kg/m?), mean £ SD 23.4+3.6 23+3.7 0.620¢
Histopathologic stage 1.000*
(PTNM)
In situ, complete 20 21
response, and |
IIA-IVB 30 29
ASA physical status 0.364*
[ 4 2
Il 41 46
1] 5 2
Anesthesia 1.000?
General 6 6
Combined 44 44
Neoadjuvant CRT 1.000°
No 8 7
Yes 42 43
Interval between CRT 18.5 (17-24) 19.2 (18-23) 0.550°

and surgery (weeks),
median (q25-q75)
Notes: *Fisher’s exact test; "Mann—Whitney test; “t test.

Abbreviations: LAR, low anterior resection; BMI, body mass index; ASA, American
Society of Anesthesiologists; CRT, chemoradiotherapy.

Table 3 Patient clinical outcomes after propensity score
matching (n=100)

Open LAR Laparoscopic P

(n=50) LAR (n=50)

30-day reoperation (No:Yes)  47:3 50:0 0.2422
30-day postoperative 0.2532
complications (Clavien—Dindo)

0 12 16

| 12 12

Il 22 18

Illa 0 0

Illb 3 0

v [ 4

IVa 0 0

\ 0 0
Operative time (minutes), 247 285 (248-334)  0.006°*
median (q25—q75) (200-302)
Length of ICU stay (days), 1.0£1.7 0.6+1.3 0.290°
mean = SD
Postoperative hospital stay 9.2145 8.315.1 0.053°

(days), mean = SD

Notes: *Fisher’s exact test; ®Mann—Whitney test; *significant at P<0.05.
Abbreviations: LAR, low anterior resection; ICU, intensive care unit.

Clinical outcomes

Clinical outcomes are shown in Table 3. There were no signifi-
cant differences in patient morbidity. The group undergoing
laparoscopic LAR had a longer operative time than the group

undergoing open LAR (laparoscopic LAR 285 [248-334]
minutes vs open LAR 247 [200-302] minutes, P=0.006).
There were four reoperations among three patients in the
open LAR group and no reoperations in the laparoscopic
LAR group.

Economic outcomes

The cost analysis results for the two groups of patients after
PSM are shown in Table 4. Regarding inpatient costs, the
intraoperative costs were significantly higher for laparoscopic
surgery (open LAR BRL 6,100.15 vs laparoscopic LAR
BRL 10,195.66, P<0.001) owing to increased operative time
costs (open LAR BRL 4,470.65 vs laparoscopic LAR BRL
5,077.54, P=0.006) and the costs of the surgical devices used.

The postoperative costs for patients undergoing laparo-
scopic surgery were significantly lower compared to those for
patients undergoing open surgery (open LAR BRL 15,133.00
vs laparoscopic LAR BRL 11,333.62, P=0.020) owing to
decreased costs associated with the shorter ICU and hospital
stay and also reoperation costs, although these differences
were not significant.

Therefore, a balance was observed between intraopera-
tive and postoperative costs, and the overall hospital costs
did not differ significantly between laparoscopy and open
surgery (open LAR BRL 21,233.15 vs laparoscopic LAR
BRL 21,529.28, P=0.115).

Discussion

This retrospective analysis at a high-volume oncologic hos-
pital showed no significant differences in clinical outcomes
between the laparoscopic and open surgery groups during
the period evaluated. However, the faster recovery among
patients undergoing laparoscopies had a significant impact on
the overall postoperative costs, offsetting the intraoperative
costs associated with the surgical devices and the increased
operative time for these procedures. These economic results
are comparable with those of a study performed in Japan
that compared open and laparoscopic colorectal procedures
for colorectal cancer.”

A cost analysis was conducted to evaluate economically
the use of laparoscopy in LAR compared to the treatment
currently authorized by the Brazilian public health care sys-
tem. Considering the current Brazilian scenario, the study
shows that laparoscopic LAR does not result in higher total
costs than open LAR.

This reduction in postoperative costs can be attributed
to the advantages of minimally invasive surgery related to
faster patient recovery. One possible explanation for the
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Table 4 Economic outcomes after propensity score matching (n=100)

Average cost per patient (BRL) Mean difference® P

Open LAR (n=50) Laparoscopic LAR (n=50)
Intraoperative costs 6,100.15%1,500.91 10,195.66x1,181.38 —4,095.51 <0.001%*
Medical devices 1,629.50 5518.12
Surgical unit 4,470.65+1,500.91 5,077.54+1,181.38 —606.89 0.006"*
Postoperative costs 15,133.00£11,835.26 11,333.62+8,739.26 3,799.38 0.020%*
ICU 3,941.4216,734.11 2,454.6715,143.34 1,486.75 0.290°
Ward 9,438.9615,174.82 8,878.95+5,005.53 560.01 0.340°
Reoperations 1,752.62+8,508.45 0+0 1,752.62 0.082°
Total cost 21,233.15+12,184.98 21,529.2848,709.70 —296.13 0.115°

Notes: *Difference between mean values found for open LAR and laparoscopic LAR; "Mann—Whitney test; *significant at P<0.05.

Abbreviations: LAR, low anterior resection; ICU, intensive care unit.

improved outcome in the postoperative period is the fact that
laparoscopic surgery results in a less intense inflammatory
response compared to open surgery, enabling faster recovery
of peristaltic movements and decreased hospital stay.>”-*+2>

Although the outcomes in the postoperative period were
better for laparoscopic procedures, most studies have shown
that the laparoscopic procedure for rectal cancer is costlier
than the open procedure.'>?228 This increase is mainly
explained by the higher cost of laparoscopic surgical devices
and the longer operative time taken to perform laparoscopic
procedures.

One study compared the costs of rectal laparoscopic
surgery versus open surgery in a large randomized controlled
clinical trial, the COLOR (COlorectal cancer Laparoscopic or
Open Resection) II trial, using cost-minimization analysis.?
The study found that laparoscopic surgery is significantly
costlier than open surgery in the short and medium term.
However, in the long term, the costs are equal from a societal
perspective.

A cost-effectiveness analysis comparing open and lapa-
roscopic resection for rectal cancer showed that laparoscopy
provides cost savings compared to open surgery, without
showing differences in quality-adjusted life-years.”” However,
a randomized controlled trial (the COREAN trial) showed
that scores on quality-of-life questionnaires, including gastro-
intestinal and defecation problems, were significantly higher
for laparoscopic surgery in the first 3 months after surgery
compared to open surgery.?

Several studies have shown that, as the surgeon becomes
more experienced, the operative time of laparoscopic surgery
progressively decreases without affecting short- and long-
term outcomes.!”!® A study conducted to determine the costs
for the two surgical approaches for rectal cancer showed that
laparoscopy had lower total costs compared to open surgery,

and an important result differentiating this study from oth-
ers was the shorter operative time of laparoscopic surgery
compared to open surgery.? This result may indicate that, as
the operative time of the laparoscopic procedure decreases,
the cost of laparoscopic approaches leads to cost savings
compared to the open technique.

The combination of the laparoscopic technique with
enhanced recovery programs, such as enhanced recovery
after surgery (ERAS), could act synergistically to improve
outcomes in the postoperative period, resulting in an addi-
tional contribution to cost savings.'6-303!

Regarding the cost of surgical devices as a proportion
of theater costs, the weight of the cost of surgical devices
to total intraoperative costs is higher in our study compared
with a study conducted in England.*? In England, the cost of
surgical devices corresponds to 9.9% and 17.6% of the total
intraoperative cost for open and laparoscopic surgery, respec-
tively, whereas in Brazil this percentage increases to 26.7%
and 54.1%. The difference observed in the costs of surgical
devices out of the total intraoperative costs can be attributed
to the different rates per minute of surgery used in the two
studies: the rate per minute in the English study was €26, six
times higher than the rate per minute at the hospital evaluated
in our study (exchange rate at 03/09/2016). However, in the
English study,* all anastomoses were performed manually,
which can decrease considerably the weight of the surgical
devices cost in the total intraoperative costs.

Strengths and limitations

Although there are publications comparing colorectal
laparoscopic and open procedures regarding costs and
clinical outcomes in the literature, data are still scarce in
middle-income countries, where the financial burden might
pose greater challenges, considering the stronger resource
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constraints in such countries. To our knowledge, this is the
first study to compare clinical and economic outcomes for
patients undergoing laparoscopic versus open LAR using
PSM analysis in Latin America. PSM is currently the best
statistical method to evaluate retrospective non-randomized
controlled studies.?

The present study has several limitations. Although PSM
is an accepted tool to decrease selection bias, the data were
analyzed retrospectively. Some relevant factors for adequate
patient matching may not have been considered. In addition,
patients undergoing laparoscopic surgery with extracorporeal
anastomosis were not included in the study because these sur-
geries were converted not by complications but by technical
issues related to the surgeon’s experience with intracorporeal
anastomosis. This factor may have resulted in some type of
bias and confounding.

Although data including hospital stay, ICU stay, opera-
tive time, and data related to reoperation and complications
were accurately measured, the costs were estimated based on
the theater cost per hour, cost of ICU stay per day, and cost
of ward bed stay per day. A detailed description of all direct
costs related to the procedure and the hospital stay would be
more accurate but was not possible to obtain retrospectively.
Moreover, indirect and intangible costs, including loss of
productivity, were not evaluated in the present study.

Finally, this study was performed at a single Brazilian
institution, and thus, the results may not be generalizable to
other institutions.

Conclusion
Taking into consideration that both techniques, open LAR
and laparoscopic LAR, are equivalent in clinical outcomes,
this cost analysis shows that there is no difference in total
surgery-associated costs for the health care system during
the first 30 days, despite the higher intraoperative costs for
laparoscopic surgery.

Thus, laparoscopic LAR tends to have a shorter hospital-
ization without increasing the public health care system costs
and is an attractive treatment option unless contraindicated.
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