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HIGHLIGHTS

= Robotic minimally invasive surgery in early stage endometrial cancer generates no cost savings one year post surgery.
 Robotic surgery generates higher costs related to the surgical procedure compared with open and laparoscopic surgery.
« When controlling for time trends robotic surgery did not generate bed day savings.

* Robotic surgery does not reduce women's sickness leave or exit from the labor market.

ARTICLE INFO ABSTRACT
Article history: Objective. The majority of cost-studies related to robotic surgery has a short follow-up and primarily report
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the costs from the index surgery. The aim of this study was to evaluate the long-term resource consequences
of introducing robotic surgery for early stage endometrial cancer in Denmark.

Methods. The study included all women with early stage endometrial cancer who underwent robotic, laparo-
scopic and open access surgery from January 2008 to June 2015. Data was linked from national databases to de-
termine resource consumption and costs from hospital treatments, outpatient contacts, primary health care
sector visits, labor market affiliation and prescription of medication. Each patient was observed in a period of
12 months before- and after surgery. The key exposure variable was women who were exposed to robotic sur-
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Long follow-up gery compared to those who were not.
Endometrial cancer Results. A total of 4133 women underwent surgery for early stage endometrial cancer. The study found addi-
Robotic surgery tional costs of $7309 (95% confidence interval [CI] 2100-11,620, P = 0.001) per patient in the group exposed to

robotic surgery including long-term costs post-surgery compared to the non-exposed group (non-robotic
group). When controlling for time trends, the introduction of robotic surgery did not reduce the number of
bed days (mean diff —0.42, 95% CI —3.03-2.19, P = 0.752).

Conclusions. The introduction of robotic surgery for early stage endometrial cancer did not generate any long-
term cost savings. The additional costs of robotic surgery were primarily driven by the index surgery. Any reduc-
tion in bed days could be explained by time trends.

© 2019 Elsevier Inc. All rights reserved.
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The robotic platform has been rapidly adopted for gynecological pro-
cedures in the US and Europe thereby reducing the use of Open Access
Surgery (OAS) [1]. The establishment of robotic surgical availability is
associated with high initial purchase costs of the platform and addi-
tional maintenance and surgical supply costs [2,3]. In a recent review,
we compared the methodological design in 32 cost studies within the
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gynecological field [2]. Most studies suffered from selection bias, as they
were not able to control for data on tumor stage, comorbidities and/or
unobservable patient characteristics [2,4-8], nor did they control for
prior levels of health care service use. The majority of these studies
had a short follow-up reporting the costs from the index surgery with-
out investigating the long-term resource implications of Robotic Mini-
mally Invasive Surgery (RMIS) [2]. There is currently insufficient
evidence as to whether the immediate costs of introducing RMIS are off-
set by long term savings due to e.g. reduced need for rehabilitation ser-
vices, reduced utilization of primary care services, fewer outpatient
visits and/or faster return to the labor market, compared to other surgi-
cal procedures. Previous studies comparing RMIS with OAS for women
with endometrial cancer have shown shorter length of stay from the
index surgery [9-11], fewer readmissions [9] and reduced risk of severe
complications [12].

The present study aims to evaluate the long-term resource conse-
quences of introducing RMIS for early stage endometrial cancer in
Denmark. The evaluation strategy has three major strengths. Firstly,
we took advantage of the fact that RMIS was introduced in the regions
of Denmark at different points in time and at different paces between
2008 and 2013. This allowed assessment of exposed and non-exposed
individuals simultaneously, and minimization of potential patient selec-
tion bias as exposure to RMIS depended on RMIS introduction patterns
and not women's characteristics. Secondly, we applied an analytical ap-
proach where the patient acted as her own control. We controlled for
use of health care resources one year prior to surgery, which allowed
us to isolate the resource use associated with surgery. Thirdly, we oper-
ated with a follow-up period of one-year post-surgery, and used high
quality registry data to monitor the long-term resource consequences
of RMIS in the primary and secondary health care sector. We also mea-
sured production losses due to sickness leave or earlier exit from the
labor market.

2. Materials and methods
2.1. Study design

RMIS was gradually introduced in Denmark over a five-year period
from 2008 to 2013. We included all women in Denmark who
underwent surgery for early stage endometrial cancer FIGO stage I-1I
from January 1st, 2008 to June 30th, 2015. Women operated before
the date of the first RMIS performed in their region were allocated to
the non-exposed group. The non-exposed group (non-robotic group)
mainly underwent open access surgery and a minor proportion had
conventional laparoscopy. Women in the exposed group were operated
after the date of the first RMIS performed in their region and were con-
sidered as exposed to RMIS. The majority in the exposed group
underwent robotic surgery and a minor proportion underwent laparos-
copy and open access surgery.

The treatment of endometrial cancer in Denmark is conducted in ac-
cordance with national guidelines from the Danish gynecological cancer
group [13] and revised every 3-4th year. The gold standard of surgery
consists of total hysterectomy and bilateral salpingo-oophorectomy.
Women with increased risk of metastatic disease undergo additional
staging lymphadenectomy (pelvis 4+/— para-aortic) and omentectomy
for certain histological subtypes [14]. To estimate the resource conse-
quences of introducing RMIS we utilized the gradual phase-in of this
new technology and constructed a quasi-experimental design compar-
ing women who were exposed to robotic surgery with those who
were not. We assume that the time and place at which a woman un-
dergoes surgery for endometrial cancer is random and independent of
patient characteristics such as age, BMI and comorbidity. Our key expo-
sure variable is the fraction of women who had RMIS out of the total

number of women receiving surgery for early stage endometrial cancer
in a given region and at a specific time. Our primary outcomes are
changes in resource use and costs, as well as labor market affiliation,
in the first year after surgery compared to the year before surgery.

2.2. Data sources

The study population was extracted from the Danish Gynecological
Cancer Database (DGCD) which covers clinical, surgical, and pathology
data. Data are registered mandatory by gynecologists specialized in gy-
necological cancer surgery and pathologists [15]. The DGCD is a nation-
wide, clinical quality registry that covers 97% of women diagnosed with
endometrial cancer [15]. From this database we extracted information
on the surgical modality, date of surgery, location of the hospital, Body
Mass Index (BMI), histological type, grade, FIGO stage, and information
on whether lymphadenectomy was performed.

All Danish residents have a unique personal identification number
(CPR-number) which enables accurate linkage between all national reg-
isters [16]. The study population was linked with individual-level regis-
ter data from the Danish National Patient Register (NPR) [17], The
Danish National Health Service Register [18], and The Danish Education
register [19]. The NPR holds information on dates of all hospital admis-
sions and discharges, hospital in-patient treatments, and operations in-
cluding re-operations, outpatient contacts, and diagnoses [17]. The
National Health Service Register holds data from the primary health
care sector, accounting for health services [18]. Any production losses
due to changes in job market affiliation were measured by comparing
individual-level labor market data and sickness benefit data before
and after surgery [20]. The DREAM database includes weekly informa-
tion for all Danish citizens who have received social benefit or any
other transfer benefit [21].

Costs of hospital admissions were estimated using unit costs derived
from the Diagnosis Related Grouping system (DRG) for somatic in-
patients [22], the Danish Ambulatory Grouping System (DAGS) for am-
bulatory patients [22], The National Health Service Register for primary
health contacts [18], and The Danish National Prescription Registry. The
Danish National Prescription Registry provides information on the costs
for prescription medication handed out from pharmacies [23]. The na-
tional DRG-tariffs for surgery for endometrial cancer included activities
from hospital admission to discharge. Outpatient visits and reoperations
associated with the index hospitalization were reimbursed separately.
DRG tariffs are based on annual detailed costing reporting's from all
public hospitals in Denmark, and reflect the national average operating
costs within each DRG group [22]. The DRG tariffs thus represent reim-
bursement fees that do not reflect the precise cost of treating the indi-
vidual patient. DRG-tariffs are adjusted each year and published by
the Danish Health Authority [22]. All costs were adjusted to price
index 2015 [24] and converted into USD ($).

2.3. Statistical methods

Each patient was observed in a pre-treatment period of 12 months
before the date of the index surgery and a post-treatment period of
12 months after the date of the index surgery. To control for potential
pre-surgery differences in health care service utilization, and to isolate
the costs associated with surgery, we applied a Difference-in-
Difference (DiD) design. In the DiD design, the patient acts as her own
control and the outcome variable is change in resource use post-
surgery versus pre-surgery [25-27]. In the analyses, the focus is to esti-
mate whether the introduction of RMIS, measured by level of exposure
(proportion of patients being treated with RMIS out of the total number
of patients in a given region and calendar year), was associated with
changes in the primary outcome variables measuring resource use and

Fig. 1. Resource use and costs one year before and after the index hospitalization. Resource use and costs are reported as year totals, while employment status and sickness benefit are

reported as number of weeks per year.
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costs as obtained from registers. Underlying the DiD design lies the
common trends assumption to ensure internal validity of the approach.
For ease of presentation the exposure variable was dichotomized (ex-
posed; non-exposed) in the descriptive analyses but modelled as a con-
tinuous variable in the regression models. The common trends
assumption requires the exposed and non-exposed group to have the
same parallel trends in outcomes the year before index surgery. Time
series in resource use were plotted graphically for outpatient visits, pri-
mary sector visits, employment status and sickness benefit and the pat-
tern of costs were plotted for primary sector visits, outpatient visits, and
prescription of drugs per woman to evaluate whether the common
trends assumption was fulfilled in the one-year period prior to surgery
(Fig. 1).

To ensure that potential differences in baseline characteristics did
not drive differences in trends, a linear regression was performed. We
adjusted for potential time trends by including fixed effects for calendar
year, and for potential differences in resource use across regions by in-
cluding fixed effects for each region.

This resulted in the fully adjusted model in which our exposure var-
iable was defined as the proportion of patients being treated with RMIS
out of the total number of patients receiving surgery for early stage en-
dometrial cancer by calendar year and region:

AC; = Cii—Cio = ¢+ BiPrwisi + 2 kBr X Xik + &i

here AG; indicates the difference in costs per patient the year after sur-
gery (Cjp) relative to the year prior to surgery (Cip), ¢ denotes the
model intercept, 3; is the key result denoting the association between
the outcome variable AC; and our exposure variable pryssi, Xix represents
covariates (age, BMI, Charlson comorbidity index, ASA score, histopath-
ological risk groups, lymphadenectomy, education level, socioeconomic
group) including region-of-surgery and year-of-surgery fixed effects,
and ¢; denotes the residuals in the linear regression model. To investi-
gate any possible over adjustment in time trends a sensitivity analysis

Women who underwent
hysterectomy for
Endometrial Cancer
January 2008 to June 2015
(N=5272)

was performed in which we analyzed data for a short time period only
(2011—-2012).

We performed a further sensitivity analysis excluding patients who
underwent surgery in the region of Southern Denmark due to poten-
tially confounding research projects related to the postoperative
follow-up visits taking place in the region during the time of
observation.

Results are reported as mean differences with 95% confidence inter-
vals (CI) based on bootstrapping with 5000 replicates to take into ac-
count the skewed nature of cost and resource use data. The difference-
in-difference mean estimates for resource use and costs one year post-
operatively (contacts/costs per patient) are reported in three models,
1) an unadjusted model, 2) a model adjusted for patient characteristics
and region of surgery and 3) a model that is further adjusted for surgical
year. Resource use and costs are compared between 12 months before
and 12 months after the index surgery. Resource use and costs of bed
days were analyzed both including and excluding the index surgery
stay to investigate if potential differences were driven by the index sur-
gery stay. Resource use and costs are reported as year totals, while em-
ployment status and sickness benefit are reported as number of weeks
per year.

A two-sided p-value below 0.05 was considered statistically signifi-
cant. All analyses were performed using Stata version 15.1. Data was
pseudo-anonymized and administered by Statistics Denmark.

2.4. Ethical consideration

The study was approved by the Data Protection Agency (18/43728).
3. Results

During the study period, 4133 women with early stage endometrial

cancer underwent surgery in Denmark (Fig. 2). Before RMIS was intro-
duced 78% of women underwent open access surgery (Fig. 2). During

Y

Women with
early-stage endometrial cancer
FIGO Stage I-II
(N=4133)

v v

Exclusion
(N=1139)

Sarcoma n=214

Unknown histology n=33

Syncrone cancers n=39

Unknown surgical access n=6

Vaginal hysterectomy n=61

FIGO Stage >Il n=685

Unknown FIGO Stage n=46

Unknown relation to RMIS implementation n=14
Other procedure code n=27

Unknown operation date n=14

Non-exposed group Exposed group
(N=1602) (N=2531)
OAS n=1247 OAS n=699
LMIS n=355 LMIS n=556
RMIS n=1276

Fig. 2. Flowchart of included patients. OAS: Open Access Surgery. LMIS: Laparoscopic Minimally Invasive Surgery. RMIS: Robotic Minimally Invasive Surgery.
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the 7.5 years of observation while robotic surgery was introduced na-
tionwide, 72% of the women underwent minimally invasive surgery
(laparoscopy and RMIS). In the present study these women are nomi-
nated “exposed” vs. “non-exposed” but modelled as proportions in the
regression models. Fig. 3 illustrates the introduction of RMIS nationwide
and separately for each region. Conventional laparoscopy was used in
22% of the women in the exposed and the non-exposed group. As it ap-
pears, the use of conventional laparoscopy increased before the intro-
duction of RMIS and decreased slightly during the RMIS period
(Fig. 3). Sociodemographic characteristics between the groups are
given in Table 1.

3.1. Resource use

Patients assigned to the exposed group had almost four fewer bed
days the year following surgery compared to the non-exposed group,
when adjusting for patient characteristics only (Table 2). After further
adjustment for surgical year no statistically significant difference was
observed in bed days between the exposed and non-exposed group
(Table 2). This was true for both index surgery and subsequent hospital-
izations. Also, no statistically significant difference in resource use was
observed for primary sector- or outpatient visits between the exposed
and the non-exposed group (Table 2).

3.2. Costs

The total costs one-year post-surgery from hospitalization, primary
sector visits, outpatient visits and prescription drugs were $7309 higher
per patient in the exposed group compared to the non-exposed group
(p = 0.001) (Table 3). The costs related to the hospitalization including
the index surgery and subsequent hospitalizations were $7434 higher
per person in the exposed group vs. non-exposed group (p = 0.001)
(Table 3). No statistically significant cost difference was found between
the exposed and the non-exposed group for the other cost categories
(Table 3).

A sensitivity analysis, which included a smaller sample based on a
shorter time period showed results consistent with the main analysis,
indicating no signs of over-adjustment for time trend. The sensitivity
analysis excluding patients from the Region of Southern Denmark did
not change any results significantly.

4. Discussion

This study included all women with early stage endometrial cancer
who underwent surgery at Danish hospitals over a period of 7.5 years.
Long-term resource use and costs related to their index surgery and
the year following surgery were evaluated. The introduction of robotic
surgery did not generate any long-term cost savings related to primary
sector, outpatient visits, or prescription of medicine in this population of
gynecological cancer patients. The introduction of robotic surgery was
associated with additional costs of $7309 per patient in the exposed
group compared to non-exposed and the extra costs were mainly attrib-
utable to the index surgery. Our findings are in line with other cost stud-
ies reporting RMIS to be more costly than open and conventional
laparoscopic surgery in women with endometrial cancer [4,7,28-31].
Smith et al. reported that the overall hospital charge was 40% higher
with RMIS compared to laparoscopy and open access surgery [31]. In
contrast to our findings, Laursen et al. found that RMIS generated cost
savings of $3861 per women when compared with open access surgery
and increased costs of €$3749 when compared with laparoscopy in
Danish cancer patients [32]. Important differences between the study
of Laursen and the present study concern the selection of the patient
population and the data source. Further, our study applied an intention
to treat approach thus minimizing the risk of selection bias due to non-
random allocation to treatment modalities. Importantly, our findings re-
late to the particular patient group of women with early stage

endometrial cancer who are comparatively unaffected by their cancer
when diagnosed. Hence, our results cannot be used to generalize
about resource use and costs related to robotic surgery in other patient
groups with e.g. a greater need of longer rehabilitation or sick leave.
However, the evaluation method used in the present study can be ap-
plied to other patient groups for a valid non-biased evaluation of re-
source use and costs related to the introduction of a new technology.
In a recent study, we showed that a Danish nationwide introduction
of robotic surgery for early stage endometrial cancer is associated with

Table 1
Demographic characteristics of included women.
Non-exposed group  Exposed group  P-value
N = 1602 N = 2531
No (%) No (%)
Age 0.282
Mean (std. dev.) 67.2 (10.4) 67.6 (10.5)
Median (range) 67 (41-90) 67 (44-90)
Age group? 0.159
<59 years 369 (23.0) 574 (22.7)
60-66 years 429 (26.8) 610 (24.1)
67-74 years 398 (24.8) 690 (27.2)
>75 years 406 (25.4) 657 (26.0)
BMI group” (kg/m?) 0.027
<25.0 515 (32.9) 779 (32.1)
25.0-29.9 500 (32.0) 700 (28.8)
30.0-34.9 295 (18.8) 473 (19.5)
235.0 255 (16.3) 476 (19.6)
Unknown 37 103
CcCI¢ 0.564
0 1050 (65.5) 1640 (64.8)
1 267 (16.7) 454 (17.9)
22 285 (17.8) 437 (17.3)
ASA score? <0.001
I 602 (37.7) 774 (31.0)
il 840 (52.6) 1432 (57.2)
2011 155 (9.7) 295 (11.8)
Unknown 5 30
Histopathological risk® 0.138
Low-risk 856 (54.5) 1424 (57.4)
Intermediate low-risk 296 (18.8) 401 (16.2)
Intermediate high-risk 51(3.2) 78 (3.1)
High-risk 369 (23.5) 577 (23.3)
Unknown 30 51
Lymphadenectomy 0.196
No 1061 (66.5) 1602 (64.5)
Yes 534 (33.5) 880 (35.5)
Unknown 7 49
Educations’ <0.001
Grade school 715 (45.9) 970 (39.2)
Short education 561 (36.0) 915 (36.9)
Medium-further education ~ 282 (18.1) 592 (23.9)
Unknown 44 54
Socioeconomy?® <0.001
I 193 (12.0) 388 (15.3)
il 576 (36.0) 1008 (39.9)
11 832 (52.0) 1132(44.8)
Unknown <3 3
Region" <0.001
North Denmark 57 (3.6) 442 (17.5)
Capital 282 (17.6) 1055 (41.7)
Central Jutland 357 (22.3) 491 (19.4)
Southern Denmark 516 (32.2) 405 (16.0)
Zealand 390 (24.3) 138 (54)

o

Age group was reported for the year of surgery and grouped in quartiles.

BMI group was ranked according to the World Health Organization classification.
CCI: Charlsons Comorbidity Index: 10 years before surgery. All diagnosis-codes unless
referral diagnosis.

4 ASA score: American Society of Anesthesiologists physical status classification system.
¢ Histopathological risk groups: Low-risk: EAC Stage IA Grade I-II, Intermediate low-
risk: EAC Stage IB Grade I-II, Intermediate high-risk: EAC Stage IA Grade III, High-risk: EAC

Stage IB grade III/EAC Stage II/non-EAC.

' Educations: Highest completed educations.

& Socioeconomic status was categorized by income the year before surgery and the
highest achieved educational level.

" The hospital location was categorized according to the five regions in Denmark.

o

)
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Table 2

Resource use associated with the introduction of robotic minimally invasive surgery for women with early stage endometrial cancer.

Unadjusted model

Adjusted model I patient
characteristics

Adjusted model II patient
characteristics and surgical date

Additional number per P Additional number per patient® P Additional number per P
patient? value® value® patient? value®
No. of contacts

Bed days (index hospitalization)© —2.83 (—3.34to —2.32) <0.001 —3.55 (—4.15 to —2.96) <0.001 —0.16 (—1.28 t0 0.96) 0.781
Bed days (subsequent hospitalizations)® —0.18 (—1.17 t0 0.81) 0.721 —0.25 (—1.46 to 0.96) 0.683 —0.36 (—2.52 to 1.80) 0.745
Bed days (all hospitalizations)® —2.97 (—4.16 to —1.79) <0.001 —3.74 (—5.15t0 —2.33) <0.001 —0.42 (—3.03to 2.19) 0.752
Outpatient visits 0.01 (—0.89 t0 0.92) 0.975 0.27 (—0.87 to 1.42) 0.638 0.66 (—1.62 to 2.95) 0.570
Primary sector —1.15(—4.72to 2.41) 0.526 1.41 (—2.71t0 5.53) 0.502 3.96 (—5.54 to 13.46) 0.414
Employment status’ 1.28 (0.36 t0 2.21) 0.006 0.98 (—0.05 to 2.01) 0.062 —0.53 (—2.69 to 1.63) 0.630
Sickness benefit’ —0.57 (—1.11 to —0.03) 0.038 —0.55 (—1.20 to 0.09) 0.092 —0.40 (—1.71t0 0.91) 0.551

. of contacts are per patient with 95% CI.
Additional number of contact/bed days of RMIS compared to the non-robotic group.
P value in relation to additional contact/bed days.
Number of bed days from index hospitalization stay.
Bed days without the hospital stay.
Bed days including the hospital stay related to the surgery.
Results are reported in week's one-year post-surgery.

reduced risk of severe complications and improved survival indepen-
dent of histopathological risk group [12,33]. However, taking time
trends as well as patient characteristics into account, the present
study was unable to demonstrate that the introduction of RMIS was as-
sociated with a significant reduction in bed days as would be expected
in case of fewer re-admissions due to severe complications after mini-
mally invasive surgery. Scrutinizing the graphical presentation of the
RMIS introduction in the different regions in Denmark reveals different
trends of robotic introduction in two regions (the region of central Jut-
land and the Zealand region). These regions had a very slow introduc-
tion of RMIS compared to the other regions while the proportion of
women undergoing conventional laparoscopy increased dramatically.
This led to an increased use of conventional laparoscopy already before
the introduction of RMIS in these regions and contributed to the de-
crease in bed days in the non-exposed group. Further, during the time
period with robotic introduction another time trend arose; even
women who underwent open surgery had fewer bed days compared
to earlier time periods. This was likely due to emerging evidence re-
garding the importance of early mobilization and faster recovery at
home. It may be looked at as a paradigm shift and is likely to influence
on the results when including a comparatively large time period in the
analyses. This emphasizes the importance of adjusting for potential
time trends when including patients over several years. In the present

Table 3

study, length of stay was driven by time trends rather than surgical
modality.

Using the Danish DRG-tariffs, all gynecological procedures were
listed as more expensive when involving robotic surgery i.e. a simple
hysterectomy with bilateral salpingo-oophorectomy without lymph
node dissection is valued at $11,259 using robotic surgery versus
$7722 without the robotic assistance for the same procedure. The in-
hospital costs of RMIS is likely to decrease in the years to come due to
increased surgeon experience and hence reduction in procedure- and
operating room time. This prediction is supported by Avondstondt
et al. who found a reduction in total costs attributable to a decrease in
the operating room costs and costs of anesthesia after five years of expe-
rience with RMIS [34]. In addition, present patents related to the robotic
platform will expire in the near future. The lack of market competition is
highly related to the high costs of robotic instrument supplies. Same-
day discharge may be another cost-saving procedure for RMIS. Several
studies have found this safe and feasible for the majority of women un-
dergoing minimally invasive surgery [35-38]. According to the litera-
ture, Enhanced Recovery After Surgery (ERAS) protocols decreased
length of stay by 30% to 50% thereby lowering hospital costs [39].
ERAS, a comprehensive program with multimodal approaches of peri-
operative pathways, has resulted in early recovery after surgery and
has shown to improve outcomes in almost all major surgical specialties

Costs associated with the introduction of robotic minimally invasive surgery for women with early stage endometrial cancer.

Unadjusted model

Adjusted model I patient

Adjusted model II patient characteristics and

characteristics surgical date
Additional cost per patient P Additional cost per patient (USD)* P Additional cost per patient (USD)*? P
(USD)? value® value® value®
Costs

Index hospitalization® 5803 (5241 to 6364) <0.001 6622 (5992 to 7252) <0.001 4438 (3232 to 5644) <0.001
Subsequent hospitalizations® 1226 (—328 t0 2782) 0.122 1155 (—678 to 2986) 0.217 2747 (—755 to 6251) 0.124
All hospitalizations® 7072 (5391 to 8752)  <0.001 7853 (5829 to 9877)  <0.001 7434 (3605 to 11,263)  0.001
Outpatient visits —1378 (—1991 to —763) <0.001 —1493 (—2270 to —715) <0.001 —127 (—1740to 1504)  0.878
Primary sector 44 (—9to0 89) 0.055 105 (48 to 161) <0.001 34 (—82to 150) 0.568
Medications —6(—57to46)  0.829 17 (—46to81)  0.592 —31(—157t094)  0.627
All costs' —112(—1893to 1588)  0.864 —216 (—2250t0 1765)  0.835 2624 (—1319to 6566)  0.192
All costs® 5732 (3838 to 7627) <0.001 6482 (4262 to 8703)  <0.001 7309 (2100 to 11,620)  0.001

Costs are per patient using 2015 prize index (USD) with 95% confidence interval.
@ Additional costs of RMIS compared to the non-robotic group.
P value in relation to additional costs.

b
€ Costs from the index hospitalization stay.
d
e
f
g

Hospitalizations in bed days without the costs from the hospital stay related to the surgery.
Hospitalizations in bed days including costs from the hospital stay related to the surgery.

Costs reported from subsequent hospitalization, primary sector visits, outpatient visits and medication.
Costs reported from all hospitalizations, primary sector visits, outpatient visits and medication.
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[39-41]. A recent study reported that ERAS was feasible and safe in
older patients undergoing gynecologic oncological surgery as in youn-
ger patients [42]. ERAS protocols have not been implemented systemat-
ically in this population. However, Fast-Track principle has been used to
optimizing patient outcomes in Denmark outlined in the national
guidelines from the Danish gynecological cancer group. This is likely
to influence on the observed effect of time-trend adjustment.

To our knowledge, this is the first detailed investigation of job mar-
ket affiliation related to treatment of endometrial cancer. No statistically
significant effect was observed regarding women's return to the labor
market and their use of sickness benefits. A plausible explanation for
this is that we included a population with a median age of 67 years at
the time of surgery which meant that the majority of the women re-
ceived pension both before and after the index surgery. Only 40.2% of
the women were working at least one week the year before surgery.
Further, endometrial cancer is often diagnosed in an early stage and
the operation therefore often leads to a rather short sick leave. Since
only periods of leave longer than 14 days are observable in the Danish
registries, our estimate of total days of leave may be underestimated.

An important strength of our study is the use of the gradual imple-
mentation of RMIS as the basis of a quasi-experimental design, thus
minimizing patient selection bias. We also controlled for differences in
baseline characteristics, time trends and differences in resource con-
sumption across regions. Another strength of this study relates to the
large population and the DiD design evaluating differences in resource
use and cost patterns one-year pre- versus one-year post-surgery. A fur-
ther advantage is the use of high-quality national databases, thereby
allowing for systematic and objective measurement of resource use at
an individual patient level.

An inherent limitation in the study design is the use of retrospective
data and a comparatively long time period. Using registry data some
clinical details are not routinely recorded e.g. surgeon experience and
we cannot completely preclude some institutional selection bias. A fur-
ther limitation is the use of DRG-tariffs as an approximation of the costs
of hospital admissions. The Danish DRG-tariffs do not include the pur-
chase or the maintenance cost of the robot. Another Danish study re-
ported costs for instruments and disposals to be $2500 for each
procedure and the purchase cost of the robotic platform was estimated
to cost $2.4 million which amounts to $800 per operation with an amor-
tization over 10 years [10].

5. Conclusion

The introduction of robotic surgery in Denmark did not generate any
long-term cost savings in women with early stage endometrial cancer.
The additional costs of robotic surgery are primarily driven by the
index surgery. The introduction of robotic surgery decreased the num-
ber of bed days but adjusting for time trends outweighed any difference
between the group exposed to robotic surgery and those who were not.
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