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INTRODUCTION 
Endometrial cancer is the most common malignancy of the 

female genital tract in developed countries, and the third most 
common gynecologic cancer in Th ai women aft er cervical and 
ovarian cancer [1]. Th e cornerstone of treatment for endometrial 
cancer is hysterectomy and bilateral salpingo-oophorectomy with 
pelvic and/or paraaortic lymphadenectomy if indicated. Th e surgery 
is traditionally performed via laparotomy, but minimally invasive 
approaches such as laparoscopic and robotic-assisted laparoscopic 
surgery are promising due to their better surgical outcomes, shorter 
hospital stay, and quicker resumption of normal daily activities 
without any eff ects on oncologic outcomes [2,3].

A recent review in Th ailand suggested that Minimally Invasive 
Surgery (MIS) had more favorable outcomes than conventional 
laparotomy with similar short-term oncologic outcomes in 
endometrial cancer patients [4]. A Gynecologic Oncology Group 
prospective study demonstrated a better Quality of Life (QOL) at 6 
weeks aft er surgery using laparoscopy compared to laparotomy [5]. 
Since approval was granted in 2005 for robotic surgery, its use has 
grown exponentially due to the shorter learning curves required than 
for conventional laparoscopy. Th e Society of Gynecologic Oncology’s 
Clinical Practice Robotic Task Force stated in 2012 that robotic 
surgery showed advantages over laparoscopy in managing obese 
patients with endometrial cancers [6]. However, MIS was assumed 
to be more costly due to longer duration of surgery and expensive 
surgical disposable equipment. In contrast, the benefi ts of shorter 
hospital stay aft er MIS may compensate for the procedure-related 
costs. Leitao compared the direct costs of 3 surgical approaches in 
436 women and reported the laparoscopic approach as the least 
expensive with laparotomy the most expensive [7]. However, cost-
eff ectiveness might be diff erent among dissimilar countries based on 
disparities between their national health policies and reimbursement 
mechanisms. Th erefore, it is important to understand how the cost 
discrepancies between these three surgical approaches relate to 
outcomes in Th ailand.

Th e aim of our study was to determine the cost-eff ectiveness of 
laparotomy, laparoscopic and robotic surgery in endometrial cancer 

patients that is fundamental for policy maker, payers and healthcare 
providers.

MATERIALS AND METHODS
Study design

An economic evaluation was conducted based on our previously 
published retrospective study and cross-sectional study from August 
2016 to May 2017 in the tertiary care center at King Chulalongkorn 
Memorial Hospital, Bangkok, Th ailand. Th is study was approved by 
the Institutional Review Board, Faculty of Medicine, Chulalongkorn 
University. Th e patients were classifi ed into three groups of Robotic 
Surgery (RS), Laparoscopic Surgery (LS), and Laparotomy (LT). 
Cost-Eff ectiveness Analysis (CEA) was conducted from both health 
care provider and patient perspectives to evaluate the balance 
between costs and health outcomes. Th e CEA depicted the additional 
cost per a complication-free patient that required investment for 
the three diff erent surgical approaches. In addition, a Cost-Utility 
Analysis (CUA) was conducted to evaluate the additional cost per 
utility gained. Th e CEA results were represented by Incremental 
Cost-Eff ectiveness Ratios (ICERs).

ICER = (C1-C2)/ (E1-E2)

Where, C1-C2 represents the incremental cost as the additional 
cost of procedure1 compared with procedure 2, and E1-E2 represents 
the incremental eff ect as the additional eff ect of procedure 1 compared 
with procedure 2.

Assessment of cost

All costs were calculated in Th ai Baht (THB) and based on 2016 
Th ailand currency valuation. Th e estimated useful lives of robotic-
assisted and standard laparoscopic machines were 10 and 5 years, 
respectively. Th e equivalent annual cost of machine was calculated 
using 3% discount rate without resale value. Operative cost, anesthetic 
cost, labor fee and hospital stay were included in the direct medical 
cost of each procedure.

For patient costs, the actual total expenses of admission and 
operation were used. Traveling expense and patients’ caregiver 
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expenses were collected from participants in the QOL survey. 
Patient income loss for the three groups was calculated from the Th ai 
minimum wage per day of 310 Th ai baht and recovery time (days).

Assessment of effect (health outcomes)

Complication-free rate: Data for complication-free rate were 
derived from a previous retrospective study of endometrial cancer 
patients in King Chulalongkorn Memorial Hospital [4].

Quality of life (QOL): A Th ai version of the Functional 
Assessment of Cancer Th erapy-General (FACT-G) version 4 
questionnaire was used to assess the QOL at 4 weeks aft er surgery [8]. 
Th e questionnaire comprised 27 items under four domains of Physical 
(PWB), Emotional (EWB), Social (SWB) and Functional Well-Being 
(FWB). Th e range of possible scores was 0-108, with higher scores 
indicating a better QOL. Th e FACT-G scores were calculated to the 
EQ-5D utility index according to the equation 0.238 + 0.014*PWB 
+ 0.006*EWB + 0.008*FWB [9]. A utility of 1.00 indicates perfect 
health while a utility of 0.00 indicates death. All participants gave 
written, informed consent before they responded to the FACT-G 
questionnaires.

Study population in quality of life survey: Endometrial cancer 
patients aged more than 25 years who underwent primary surgery 
at our hospital from August 2016 to May 2017 were included in 
questionnaire of quality of life. Patients with histological confi rmation 
of uterine sarcoma, synchronous endometrial and ovarian cancer and 
primary radiotherapy were excluded.

Th e sample size was calculated by determining the standard 
deviation of 14 from the result of a previous study [10] with an 
acceptable error(d) of 10, and α of 0.01 using the formula for 
estimating an infi nite population mean which yielded a number of 
14 cases at least per a surgical approach group. All participants were 
provided written informed consent before participation in post-
operative period.

Sensitivity analysis 

A one-way sensitivity analysis was conducted using a number of 
procedures per year as a variable to demonstrate the changes in ICER 
for robotic surgery compared with laparotomy in health care medical 
cost.

A two-way sensitivity analysis was conducted using the number 
of procedures per year and the percentage reduction in the purchase 
price of the robot as variables to demonstrate the changes in ICER.

Statistical analysis

Descriptive data were reported as mean, standard deviation, 
median and range, number of patients and percentage. Chi-square 
or Fisher’s Exact test was used to compare categorical data, and the 
independent t-test was used to test the mean diff erences between two 
groups. Th e Kruskal-Wallis test was used to deal with data that had 
non-normal distributions, with p values of less than 0.05 considered 
as statistically signifi cant. Analyses were conducted using Microsoft ® 
Excel® for Mac (2011) and SPSS for Mac version 22 (SPSS Inc., 
Chicago, IL, USA).

RESULTS
A total of 58 endometrial cancer patients (18 RS, 18 LS, and 22 

LT) were recruited to evaluate the QOL questionnaires and patient 

expense. Baseline characteristics of all participants are shown in 
table 1. Th e median age in the RS, LS, and LT groups was 51.5, 57.0, 
and 60.5 years, respectively. Most participants were in FIGO stage I. 
FACT-G scores were calculated to EQ-5D utility index. Th e mean ± 
standard deviation utility values of the three groups were 0.9 ± 0.09, 
0.96 ± 0.06, and 0.78 ± 0.08 as shown in table 2. Diff erences of mean 
utilities between LS and RS (p = 0.018, 95% CI 0.012-0.114), LS and 
LT (p = 0, 95% CI 0.128-0.221), and RS and LT (p = 0, 95% CI 0.057-
0.167) were statistically signifi cant. According to our recent report, 
the intraoperative complication-free rates were 92.8%, 89.3%, and 

Table 1: Baseline characteristics of patients (N (%)).

Robotic 
Surgery

Laparoscopic 
surgery Laparotomy

N = 18 N = 18 N = 23 p 
value

Median age(range) 
years 51.5(36-73) 57(31-67) 60.5(35-82) .07*

Median BW(range)kg 60.5(46-111) 63.95(50-106) 63.65(33-
105) .86*

Median height(range)
cm 158(140-166) 158(150-168) 158(140-167) .62*

Median BMI(range)
kg/m2

23.56(18.9-
43.4) 24.88(19.1-41.4) 26.59(16.8-

38.56) .85*

FIGO Staging .11*

stage IA 11(61.1) 13(72.2) 9(40.9)

stage IB 2(11.1) 3(16.7) 7(31.8)

stage II 3(16.7) 0(0) 0(0)

stage IIIA 1(5.6) 1(5.6) 1(4.5)

stage IIIB 1(5.6) 0(0) 1(4.5)

stage IIIC 0(0) 1(5.6) 4(18.2)

Histological 
subtype .11a

well-diff endometriod 13(72.2) 9(50) 13(59.1)

mod-diff endometrioid 3(16.7) 3(16.7) 8(36.4)

poorly-diff 
endometrioid 2(11.1) 5(27.8) 0(0)

UPSC 0(0) 0(0) 1(4.5)

MMMT 0(0) 1(5.6) 0(0)

Parity .99a

nulliparous 7(38.9) 7(38.9) 9(40.9)

multiparous 11(61.1) 11(61.1) 13(56.5)

Menopause 8(44.4) 11(61.1) 17(77.3) .10a

Hormonal use 0(0) 3(16.7) 1(4.5) .12a

Education .50a

primary school 3(16.7) 2(11.1) 8(36.4)

high school 1(5.6) 1(5.6) 0(0)

bachelor's degree and 
higher 12(66.7) 13(72.2) 13(59.1)

vocational certifi cate 2(11.1) 2(11.1) 1(4.5)

Occupation .80a

none 5(27.8) 7(38.9) 9(40.9)

employee 11(61.1) 9(50) 9(40.9)

business 2(11.1) 2(11.1) 3(13.6)

other 0(0) 0(0) 1(4.5)
*Kruskal-Wallis test, a Chi-square or Fisher's exact test, p value < .05
All continuous data were shown in median (interquartile range).
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87.4%, whereas postoperative complication-free rates were 82.1%, 
85.1%, and 86.7% in RS, LS, and LT groups, respectively. Median 
hospital stay was 3, 3, and 4 days and recovery times were 14, 17.5, 
and 28 days in RS, LS, and LT groups, respectively [4]. Th e average 
number of laparoscopic surgical staging procedures in our hospital 
was 20 per year. Health care medical cost of robotic surgery was more 
expensive than standard laparoscopic surgery and laparotomy (Table 
2). Total patient expense of RS was highest, whereas total expenses per 
patient were comparable between LS and LT (59,260 THB for LS and 
56,660 THB for LT) (Table 2). Incremental costs, incremental eff ects, 
and incremental cost-eff ectiveness ratios (ICERs) are shown in table 
3. Th e incremental cost (RS-LS) was 271,015 THB in health care 
medical cost and 166,640 THB in patient expense. Th e incremental 
eff ect (RS-LS) was 3.5% in intraoperative complication-free rate. 
Cost-utility analysis was performed to present the worthiness of the 
procedures. As a result, the utility gained by comparing LS with LT 
was 0.18, whereas the mean utility of RS (0.9) was inferior to the mean 
utility of LS (0.96). Th e incremental cost per QALYs gained (ICER) 
of LS compared with LT was 1,444 THB/QALY in patient expense 
and 28,488 THB/QALY in health care medical cost. Th e ICER of RS 
compared with LT was 141,033 THB/QALY in patient expense and 
268,578 THB/QALY in health care medical cost.

One-way sensitivity analysis revealed that the ICER of RS 
compared with LT in health care cost decreased with increasing 
procedures performed per year. Th e ICER was 216,318 THB/QALY 
with 80 cases per year and 206,640 THB/QALY with 100 cases per 
year (Figure 1).

We also conducted a two-way sensitivity analysis and found 
that reduction in the purchase price of the robot, combined with 
an increasing number of procedures per year resulted in decreasing 
the ICER (Figure 2). Th e ICER was 221,957 THB/QALY with a 10% 
reduction in the robot’s price combined with 60 operative cases per 
year and 192,262 THB/QALY with a 30% reduction in the robot’s 
price combined with 100 operative cases per year.

DISCUSSION
Although Minimally Invasive Surgery (MIS) for endometrial 

cancer has a higher cost procedure, it is associated with better surgical 
outcome, shorter hospital stays, quicker resumption of normal daily 
activities, and better QOL. Patricia M et al compared the costs and 
clinical outcomes of conventional laparoscopy versus robotic-assisted 
laparoscopy in 312 gynecologic cancer patients [11]. Th ey found that 
costs were higher in robotics and concluded that the robot would be 
more cost-eff ective with a large number of cases. In a retrospective 
review of 110 patients, Bell et al conducted a cost comparison in 
robotics, laparoscopy, and laparotomy in endometrial cancer. Th ey 
demonstrated that cost was highest in the laparotomy group with 
comparable surgical outcome [12]. However, the diff erence in cost-
eff ectiveness between MIS and conventional laparotomy is based 
on the diff erences in national health policies and reimbursement 
procedures. Our study evaluated cost-eff ectiveness and cost-utility 
between MIS and conventional laparotomy. Results presented a large 
diff erence in health care cost and a small diff erence in improvement 
of QOL between robotic surgery and conventional laparotomy. 
Health care cost in Th ailand diff ers from developed countries with 
lower labor costs and hospital stay expenses. With a lower incidence 
of endometrial cancer, the average number of staging procedures 
each year in Th ailand is lower than in developed countries [13]. We 
found comparable patient expense and favorable gain in utility for 
laparoscopic surgery compared to laparotomy. In a randomized trial, 
Bijen concluded that laparoscopic staging surgery was preferable over 
conventional laparotomy techniques based on major complication-
free rates as the measure of eff ect but there was no gain in utility [14]. 
In contrast, our study found a small improvement in intraoperative 
complication-free rates, with no signifi cant diff erence in postoperative 
complication-free rates for robotic and laparoscopic surgery 
compared with conventional laparotomy, whereas we recorded a 
signifi cant improvement in QOL. Th is result was similar to previous 
studies, which showed better QOL aft er laparoscopic surgery for 
stage I endometrial cancer when compared with laparotomy [5,10]. 
According to a Th ai Willingness to Pay (WTP) per QALYs gained 
threshold of 325,000 THB, [15] the ICER for LS compared with LT 
in health care cost from our study was 77,786 THB/QALY which 
did not exceed the threshold. In contrast, our study demonstrated 
that robotic surgery was more expensive but its utility was less than 
laparoscopic surgery. We found that the ICER of 268,578 THB/
QALY for RS compared with LT also did not exceed the threshold of 
Th ai WTP but was higher than the ICER for LS compared with LT. 
Th erefore, we concluded that laparoscopic surgery was the most cost-
eff ective in our institute and we suggest the adoption of laparoscopic 
surgery for the treatment of endometrial cancer is a good decision for 
healthcare policy makers in Th ailand. 

Previous studies suggested various factors that aff ected decreasing 
the cost of robotics [10,16-18]. From our sensitivity analysis, 
increasing the procedures performed per year and reduction of the 
price of the robot decreased the ICER for RT compared with LT. 

We suggest that higher numbers of procedures performed each 
year and reduction in the purchase price of the robot will increase 
the cost-eff ectiveness of robotic surgery and the further study of 
break-even point may be useful. However, robotic surgery is a new 
revolutionary technology; it is worthwhile from the medical learning 
aspect and evolution. Limitations in our study included a tertiary 
government hospital-based in nature, not a randomized control 
trial, a short-term health eff ect, and a small number of participants 

Table 2: Cost and utilities of three approaches.

Robotic 
surgery

Laparoscopic 
surgery Laparotomy

Cost(USD)

Health care medical cost / case

Operative procedure 10,219 2,104 374

Hospital stay 586 586 782

total cost 10,805 2,690 1,156

Patient cost/case

Direct medical expense 6,553 1,547 1,372

Travelling expense 43 28 34

Caregiver expense 38 37 30

Patient income loss 130 162 260

total expense 6,764 1,774 1,696

Mean Utility(SD), EQ-5D 0.90(0.09) 0.96(0.06) 0.78(0.08)

QALYs (years) 9.00 9.60 7.80

QALYs, Quality-adjusted life 
years

QALYs = life year x utility
Life year, post-surgery survival 

rate of 10 years

( 1 USD = 33.4 
Thai baht)
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in the QOL questionnaire. Th us, its applicability may require further 
evaluation.

CONCLUSION
In Th ailand, laparoscopic surgery was found to be the most 

favorable and cost-eff ective surgical approach to treat endometrial 
cancer.

ACKNOWLEDGMENT
Th e authors would like to thank all subjects for their willingness to 

participate in this study, Professor Nimit Taechakraichana, the Head 
of the Department of Obstetrics and Gynecology for permission to 
conduct this research, Professor Pirom Kamolratanakul, Piyalamporn 
Havanond, Associate Professor Jirut Sriratanabun, Assistant 
Professor Supoj Rachanon for advice, Tanaporn Pongmethee, 
Sureerat Ngamkietpaisan and the Development Planning Unit for 
cost data.

REFERENCES
1. GLOBOCAN 2012. Population fact sheets [Internet]. 2015. https://goo.gl/

brTxQD

2. Janda M, Gebski V, Davies LC, Forder P, Brand A, Hogg R, et al. Effect of 
total laparoscopic hysterectomy vs total abdominal hysterectomy on disease-
free survival among women with stage I endometrial cancer: a Randomized 
clinical trial. JAMA. 2017; 317: 1224-1233. https://goo.gl/WcHQUt

3. Gala RB, Margulies R, Steinberg A, Murphy M, Lukban J, Jeppson P, et 
al. Systematic review of robotic surgery in gynecology: robotic techniques 
compared with laparoscopy and laparotomy. J Minim Invasive Gynecol. 2014; 
21: 353-361. https://goo.gl/m9CUN7

4. Manchana T, Puangsricharoen P, Sirisabya N, Worasethsin P, Vasuratna 
A, Termrungruanglert W, et al. Comparison of perioperative and oncologic 
outcomes with laparotomy, and laparoscopic or robotic surgery for women 
with endometrial cancer. Asian Pac J Cancer Prev. 2015; 16: 5483-5488. 
https://goo.gl/MSWtes

5. Kornblith AB, Huang HQ, Walker JL, Spirtos NM, Rotmensch J, Cella D. 
Quality of life of patients with endometrial cancer undergoing laparoscopic 
international federation of gynecology and obstetrics staging compared with 
laparotomy: a gynecologic oncology group study. J Clin Oncol. 2009; 27: 
5337-5342. https://goo.gl/eh2753

6. Ramirez PT, Adams S, Boggess JF, Burke WM, Frumovitz MM, Gardner 
GJ, et al. Robotic-assisted surgery in gynecologic oncology: a society of 
gynecologic oncology consensus statement. Developed by the society of 
gynecologic oncology’s clinical practice robotics task force. Gynecol Oncol. 
2012; 124: 180-184. https://goo.gl/kxS1A3

7. Leitao MM Jr, Bartashnik A, Wagner I, Lee SJ, Caroline A, Hoskins WJ, et 
al. Cost-effectiveness analysis of robotically assisted laparoscopy for newly 
diagnosed uterine cancers. Obstet Gynecol. 2014; 123: 1031-1037. https://
goo.gl/mMVaaC

8. Ratanatharathorn V, Sirilerttrakul S, Jirajarus M, Silpakit C, Maneechavakajorn 
J, Sailamai P, et al. Quality of life, functional assessment of cancer therapy-
general. J Med Assoc Thai. 2001; 84: 1430-1442. https://goo.gl/MGxqS7

9. Cheung YB, Thumboo J, Gao F, Ng GY, Pang G, Koo WH, et al. Mapping 
the English and Chinese versions of the functional assessment of cancer 
therapy-general to the eq-5d utility index. Value Health. 2009; 12: 371-376. 
https://goo.gl/RRcgW6

Table 3: Incremental cost and ICER.
Incremental cost (IC)
(USD)

IIE1
(%)

IE2
(%) IE3 IE4 ICER1

(USD/case)
ICER2
(USD/case)

ICER3
(USD)

ICER4
(USD/QALY)

Health care provider perspective

Robotic surgery vs Laparoscopic surgery 8,114 3.50 -3.00 -0.06 -0.60 2,318 dominated dominated dominated
Laparoscopic surgery vs Laparotomy 1,535 1.90 -1.60 0.18 1.80 808 dominated 8,529 853
Robotic surgery vs Laparotomy 9,650 5.40 -4.60 0.12 1.20 1,787 dominated 80,413 8,041
Patient perspective
Robotic surgery vs Laparoscopic surgery 4,989 3.50 -3.00 -0.06 -0.60 1,425 dominated dominated dominated
Laparoscopic surgery vs Laparotomy 78 1.90 -1.60 0.18 1.80 41 dominated 432 43
Robotic surgery vs Laparotomy 5,067 5.40 -4.60 0.12 1.20 938 dominated 42,226 4,223
ICER, Incremental cost-effectiveness ratio
IE, Incremental effect
Effect 1 intra-operative complication, Effect 2 post-operative complication, Effect 3 utility index, Effect 4 QALYs
Dominated approaches are those with higher costs and lower effects

Figure 1: One-way sensitivity analysis: the incremental cost per QALYs 
gained depending on the number of cases per year.

Figure 2: Two-way sensitivity analysis: the incremental cost per QALYs 
gained depending on the number of cases per year and 10%, 20% and 30% 
reduction in the robot’s price.



Scientifi c Journal of Women’s Health & Care

SCIRES Literature - Volume 2 Issue 1 - www.scireslit.com Page -006

10. Janda M, Gebski V, Brand A, Hogg R, Jobling TW, Land R, et al. Quality of life 
after total laparoscopic hysterectomy versus total abdominal hysterectomy for 
stage I endometrial cancer (LACE): a randomised trial. Lancet Oncol. 2010; 
11: 772-780. https://goo.gl/xjyaaD

11. Marino P, Houvenaeghel G, Narducci F, Boyer-Chammard A, Ferron G, Uzan 
C, et al. Cost-effectiveness of conventional vs robotic-assisted laparoscopy 
in gynecologic oncologic indications. Int J Gynecol Cancer. 2015; 25: 1102-
1108. https://goo.gl/284xsV

12. Bell MC, Torgerson J, Seshadri-Kreaden U, Suttle AW, Hunt S. Comparison of 
outcomes and cost for endometrial cancer staging via traditional laparotomy, 
standard laparoscopy and robotic techniques. Gynecol Oncol. 2008; 111: 
407-411. https://goo.gl/boKXmd

13. NIH 2014. Cancer stat facts [Internet]. 2017. https://goo.gl/i59c9c 

14. Bijen CB, Vermeulen KM, Mourits MJ, Arts HJ, Ter Brugge HG, van der Sijde 
R, et al. Cost effectiveness of laparoscopy versus laparotomy in early stage 

endometrial cancer: a randomised trial. Gynecol Oncol. 2011; 121: 76-82. 
https://goo.gl/Hs3wjy

15. HITAP 2015. Policy brief [Internet]. 2017. https://goo.gl/ShsBR9

16. Barnett JC, Judd JP, Wu JM, Scales CD Jr, Myers ER, Havrilesky LJ. 
Cost comparison among robotic, laparoscopic, and open hysterectomy for 
endometrial cancer. Obstet Gynecol. 2010; 116: 685-693. https://goo.gl/
x9U4nR

17. Pellegrino A, Damiani GR, Fachechi G, Corso S, Pirovano C, Trio C, et 
al. Cost analysis of minimally invasive hysterectomy vs open approach 
performed by a single surgeon in an Italian center. J Robot Surg. 2017; 11: 
115-121. https://goo.gl/3BQZqG

18. Desille-Gbaguidi H, Hebert T, Paternotte-Villemagne J, Gaborit C, Rush E, 
Body G. Overall care cost comparison between robotic and laparoscopic 
surgery for endometrial and cervical cancer. Eur J Obstet Gynecol Reprod 
Biol. 2013; 171: 348-352. https://goo.gl/gP3VHe


	A Cost-Effectiveness Analysis ofLaparotomy, Laparoscopic and RoboticSurgery in Endometrial Cancer
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	Table 1
	Table 2
	DISCUSSION
	Table 3
	Figure 1
	Figure 2
	CONCLUSION
	ACKNOWLEDGMENT
	REFERENCES

