cancers

Article

Cytoreductive Surgery with the PlasmajJet Improved
Quality-of-Life for Advanced Stage Ovarian Cancer Patients

Gatske M. Nieuwenhuyzen-de Boer

1,2,% 3,4

, Hanane Aamran 1, Caroline B. van den Berg 1.2 Sten Willemsen 34,
1

Jurgen M. J. Piek 5(0, Nathalie Reesink-Peters ®, Marianne Maliepaard 1 Helena C. van Doorn 1@,

Suzanne Polinder 7 and Heleen J. van Beekhuizen

check for
updates

Citation: Nieuwenhuyzen-de Boer,
G.M.; Aamran, H.; van den Berg, C.B.;
Willemsen, S.; Piek, JM.].;
Reesink-Peters, N.; Maliepaard, M.;
van Doorn, H.C.; Polinder, S.;

van Beekhuizen, H.J. Cytoreductive
Surgery with the PlasmaJet Improved
Quality-of-Life for Advanced Stage
Ovarian Cancer Patients. Cancers
2023, 15, 3947. https://doi.org/
10.3390/ cancers15153947

Academic Editor: David Wong

Received: 29 June 2023
Revised: 29 July 2023
Accepted: 1 August 2023
Published: 3 August 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1

Department of Gynecologic Oncology, Erasmus MC Cancer Institute, University Medical Center Rotterdam,

3015 GD Rotterdam, The Netherlands; h.aamran@erasmusmc.nl (H.A.);

c.vandenberg@erasmusmc.nl (C.B.v.d.B.); m.maliepaard@erasmusmec.nl (M.M.);

h.vandoorn@erasmusmc.nl (H.C.v.D.); h.vanbeekhuizen@erasmusmc.nl (H.J.v.B.)

2 Department of Obstetrics and Gynecology, Albert Schweitzer Hospital, 3318 AT Dordrecht, The Netherlands

3 Department of Epidemiology, Erasmus MC, 3015 GD Rotterdam, The Netherlands;
s.willemsen@erasmusmc.nl

4 Department of Biostatistics, Erasmus MC, 3015 GD Rotterdam, The Netherlands

Department of Obstetrics and Gynecology, Catharina Cancer Institute, 5623 EJ Eindhoven, The Netherlands;

jurgen.piek@catharinaziekenhuis.nl

Department of Obstetrics and Gynecology, Medisch Spectrum Twente, 7512 KZ Enschede, The Netherlands;

n.reesink-peters@mst.nl

Department of Public Health, Erasmus MC, University Medical Centre Rotterdam,

3015 GD Rotterdam, The Netherlands; s.polinder@erasmusmc.nl

*  Correspondence: g.nieuwenhuyzen-deboer@erasmusmc.nl; Tel.: +31-611151898

Simple Summary: It is important to take into account a patient’s quality-of-life after surgery, espe-
cially after introducing a new surgical device. The aim of this study was to determine whether the
use of the PlasmaJet Surgical device during surgery has an effect on the quality-of-life of patients with
advanced ovarian cancer. This study showed that the use of the PlasmaJet Surgical device during
surgery leads to a higher quality-of-life than surgery with electrocoagulation alone. The difference in
quality-of-life between the groups is mainly in physical and role functioning, fatigue, and pain. A
possible explanation could be the differences in tissue damage when working with different equip-
ment during surgery. The PlasmaJet infiltrates the tissue less deeply than electrosurgery. Especially
in surgery involving extensive peritoneal stripping, the surgeon must be aware of the effect of the
instrument used.

Abstract: Background: Knowledge of quality-of-life after cytoreductive surgery is important to
counsel patients with advanced-stage epithelial ovarian cancer prior to surgery. The aim of this study
was to determine whether the use of the Plasma]et Surgical device during cytoreductive surgery has
an effect on the quality-of-life of patients with advanced epithelial ovarian cancer. Methods: Data
included in this prospective observational study were derived from the PlaComOv study, in which
patients with advanced epithelial ovarian cancer were randomly assigned to have cytoreductive
surgery with or without adjuvant use of the PlasmaJet. Quality-of-life was measured before surgery
and one, six, 12, and 24 months after surgery with three questionnaires: the EORTC QLQ-C30,
QLQ-OV28, and EQ-5D-5L. Results: Between 2018 and 2020, 326 patients were enrolled in the trial.
The overall response rate was high, with the lowest response rate at 24 months of 77%. At 6 months,
quality-of-life was higher in the intervention group (95%CI 0.009; 0.081, p = 0.045). At 12 months,
quality-of-life was higher in the intervention group with fewer symptoms of fatigue, appetite loss,
and diarrhea (95%CI 0.6; 10,0, p = 0.027); similarly, patients in the intervention group reported a better
body image (95%CI —14.2; —3.0, p = 0.003) and a higher score on the visual analog scale (95%CI
1.99; 11.15, p = 0.005). At 24 months postoperatively, no further difference was found between the
two groups except for pain (95%CI —12.9; —0.8, p = 0.027) and body image (95%CI —13.808; —0.733,
p =0.029). A higher quality-of-life in the intervention group was partially explained by the mediator
‘surgery outcome’. Conclusions: This study demonstrated knowledge of patients” quality-of-life until
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two years after cytoreductive surgery. The use of the PlasmaJet Surgical device during cytoreductive
surgery leads to a higher quality-of-life than conventional surgery with electrocoagulation alone.
Even after adjustment for the mediator of surgical outcome, a higher quality-of-life was seen in
patients who had surgery with the use of the PlasmaJet device.

Keywords: advanced stage ovarian cancer; quality-of-life; cytoreductive surgery; Plasmajet

1. Introduction

While cytoreductive surgery (CRS) is considered an effective method for treating
patients with advanced-stage epithelial ovarian cancer (EOC), CRS is a complex treatment
that may have a considerable impact on a patient’s quality-of-life (QoL) after surgery [1-3].
Patients are selected for the procedure using quantitative prognostic indicators, such as
imaging findings, CA125 level, response to neoadjuvant chemotherapy, and comorbid-
ity [4-11]. To fully inform patients before CRS in the process of shared decision-making,
knowledge of the effect of QoL after CRS is required [12-14]. In particular, QoL after
surgery may be a decisive factor in choosing to perform CRS with or without a particular
device, such as the PlasmaJet, which has been found to increase the percentage of complete
CRS without an increase in complications [15]. The Plasma]et is a thermal plasma energy
device. An electrical current is discharged across the device elements inside, where argon
gas is heated to generate plasma.

Studies related to QoL in women who had undergone CRS with the addition of
bevacizumab or hyperthermic intraperitoneal chemotherapy (HIPEC) showed that the
surgery did not adversely impact QoL [16-18]. Additionally, no clinical difference in QoL
was found between patients who underwent primary CRS and patients who underwent
interval CRS [19]. Furthermore, a recent surgery-related study found no difference in
QoL between patients who had undergone surgery of lower complexity and those who
had undergone extensive surgery [1-3]. All studies had a follow-up between 12 and
16 months postoperatively.

While these studies indicated that CRS as such did not affect patients” QoL, so far, no
study has been published that compared the QoL of patients who underwent a conventional
CRS and a CRS with the use of the PlasmaJet Surgical device [20]. The PlasmaJet emits a
high-energy jet of argon plasma for direct tissue effects and is able to cut or vaporize small
tumor foci [21].

The aim of this study was to determine whether the use of the Plasmajet Surgical
device during CRS leads to a higher QoL than surgery without the PlasmaJet. The primary
research question was whether a difference in QoL was seen in women undergoing CRS
with or without the Plasmajet Surgical device at 12 and 24 months postoperatively. Sec-
ondary outcomes were the effects of the mediators ‘surgical outcome” and ‘having of a
colostomy” on QoL.

2. Materials and Methods
2.1. Study Population

Data included in this study were derived from the PlaComOv study, a single-blinded
multicenter randomized controlled trial [22]. In thirteen cancer centers in the Netherlands,
patients with the International Federation of Gynecology and Obstetrics (FIGO) stage
IIIB-IV ovarian cancer were included in the study who were suitable to receive standard
treatment, which consists of CRS and chemotherapy [23]. Those patients were randomized
to CRS with or to CRS without the adjuvant use of the PlasmaJet device [15]. The PlaComOv
study evaluated the effectiveness of the PlasmaJet surgical device in the treatment of
advanced EOC. The study was approved by the Medical Ethics Review Board of the
Erasmus University Medical Center, Rotterdam, the Netherlands (NL62035.078.17).
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2.2. Quality-of-Life Assessment

QoL was assessed preoperatively and one, six, 12, and 24 months postoperatively [22].
Patients had the choice to receive the questionnaires digitally or by post. If the question-
naires were not fully completed after 1 week, an automatic reminder was sent. The online
questionnaires were sent by GEMS Tracker (GEneric Medical Survey Tracker, Erasmus MC,
Rotterdam, The Netherlands), a software package for the distribution of questionnaires
and forms during clinical research and quality registrations in healthcare. GEMS Tracker
is developed at the Erasmus MC, The Netherlands, in collaboration with several partners.
The software is published under an open-source license (new BSD).

Quality-of-life was measured by three validated questionnaires: the QLQ-C30 and
QLQ-OV28 of the European Organization for Research and Treatment of Cancer (EORTC,
https://qol.eortc.org/, accessed on 28 June 2023) and the EuroQol (EuroQol—EQ-5D)
five-dimensional questionnaire (EQ-5D-5L) [24-26].

The first questionnaire, the QLQ-C30 (version 3), is a 30-item questionnaire used for
patients with cancer [24]. This questionnaire consists of a global health scale, functioning
scales (physical, role, emotional, cognitive, and social), and a symptom scale (fatigue,
nausea/vomiting, pain, dyspnoea, insomnia, appetite loss, constipation, and diarrhea). The
QLQ-C30 scores were transformed to continuous scales from 0 to 100. Higher scores on the
global health scale and the functioning scales indicate a higher level of functioning and a
better QoL.

The second questionnaire, the QLQ-OV28, is a 28-item questionnaire designed as
a supplement to the QLQ-C30 questionnaire for patients with ovarian cancer [25]. The
QLQ-OV28 consists of seven symptom scales associated with ovarian cancer: abdomi-
nal/gastrointestinal symptoms, peripheral neuropathy, hormonal, body image, attitude to
disease/treatment, chemotherapy side effects, and sexuality.

Higher scores on the symptom scales of both QLQ-C30 and QLQ-OV28 indicate a
higher level of symptoms or problems. A change in score of five to ten points on the
QLC-C30 and QLQ-OV28 global scale is considered small, a change of ten to 20 points is
considered moderate, and a change of more than 20 points is considered large [27,28].

The third questionnaire, the EQ-5D-5L, is a descriptive measurement of health and
consists of five dimensions covering mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression [26]. Each dimension has five response levels. These response
levels express the severity of each dimension: no problems, slight problems, moderate
problems, severe problems, and extreme problems. The total score for all dimensions is
converted into a health state profile. The EQ-5D-5L questionnaire also includes a visual
analog scale (VAS), which provides a quantitative measure (0 to 100 scale) of the patient’s
perceptions of their overall health on the day of assessment. The endpoints are labeled
between ‘The worst health you can imagine’ (0) and ‘The best health you can imagine” (100).

2.3. Statistical Analysis

All analyses were performed following the intention-to-treat principle. Patient charac-
teristics and response rates at each follow-up were evaluated using descriptive statistics.
Descriptive statistics were also used to graphically present the mean QoL scores over time
stratified for the intervention.

For the primary study objective, a generalized estimation equations (GEE) analysis
with an independent correlation matrix was performed to determine the effect of CRS
with the PlasmaJet compared to the control group on QoL one, six, 12, and 24 months
postoperative. Time was added as a categorical variable presented by dummy variables.
Interaction terms between intervention and time were added as fixed covariates to assess the
difference in QoL per time point. The analysis was adjusted for baseline scores by adding
the time-independent baseline QoL variables. Women who were no longer alive at the time
of analysis were removed from the analysis. For non-responders, data were imputed.

For the secondary outcomes, a mediation analysis was performed to investigate if
surgical outcome and colostomy mediated the effect of CRS with the PlasmaJet on QoL
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(Figure S1). The direct effect of the PlasmaJet on QoL (c’) was analyzed by adding the
mediators as independent fixed variables to the existing GEE model (Figure S1). The effect
of the medjiators on the QoL (b) at 12 and 24 months was analyzed with a new GEE model
with an independent correlation matrix.

Descriptive analyses were performed in IBM SPSS Statistics 28; all other analyses
were performed with Rstudio version 3. p-values p < 0.05 were considered statistically
significant.

3. Results

From February 2018 to September 2020, a total of 326 patients were included in the
PlaComOv study. Table 1 presents the baseline characteristics, which were equally divided
between the two groups. The mean age was 65.7 (SD10.4) years. The mean body mass
index was 25.3 (SD4.9) kg/m?. FIGO stage III disease was present in 226 patients (69%),
and FIGO stage IV disease was present in 100 patients (31%). World Health Organization
(WHO) performance status was predominantly 0-1 (86%). A primary CRS was performed
in 13% of the patients and an interval CRS in 87%. A HIPEC procedure was applied in 19%
of the patients.

Table 1. Patient characteristics.

Total PlasmaJet Control
n =326 (%) n =157 (%) n =169 (%)
Age (years)
Mean [SD] 65.7 [10.4] 66.1[9.6] 65.3 [11.2]
Median [min, max] 66.7 [20.4, 86.1] 67.5[28.9, 81.3] 66.2 [20.4, 86.1]
BMI
Mean [SD] 25.3 [4.9] 24.8[5.3] 25.7 [4.4]
Median [min, max] 24.6[17.2,57.1] 24.0[17.2,57.1] 24.9 [17.3, 40.7]
FIGO stage
111B 22 (6.7) 11 (7.0) 11 (6.5)
IC 204 (62.6) 96 (61.1) 108 (63.9)
v 100 (30.7) 50 (31.8) 50 (29.6)
WHO-performance status
0 171 (52.8) 82(52.2) 89 (53.3)
1 109 (33.6) 56 (35.7) 53 (31.7)
2 17 (5.2) 9(5.7) 8 (4.8)
3 7(2.2) 2(1.3) 5(3.0)
4 1(0.3) 1(0.6) 0(0.0)
Surgery
Primary CRS 44 (13.5) 20 (12.7) 24 (14.2)
Interval CRS 282 (86.5) 137 (87.3) 145 (85.8)
HIPEC 61 (18.7) 29 (18.5) 32 (18.9)

Of all patients, 157 patients (48%) were randomized into the intervention group and
169 patients (52%) into the control group (Figure 1). Complete CRS was reached in 76% of
the patients in the intervention group and in 68% of the control group (p = 0.131). Surgical
outcomes are described in Table S1. A colostomy was performed in 11 patients (7%) of
the intervention group and in 21 patients (12%) of the control group (p = 0.100) (Table S1).
Complications are described in Table S2 and did not significantly differ between groups.

3.1. Response Rate

About half of the patients (52%) completed the questionnaire digitally, and all other
respondents preferred to receive and submit their questionnaire on paper. Figure 1 presents
the response rates for completing the three questionnaires. The overall response rate
was high, with the lowest percentage of 172 respondents (77%) of all patients surviving
24 months postoperatively. Of all patients who did not respond, 17%, 41%, and 56% had a
recurrence at, respectively, six, 12, and 24 months postoperatively.
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Figure 1. Flow chart of inclusions: responders and non-responders.

3.2. EORTC QLQ-C30

At 12 months postoperatively, the mean score for global health in the EORTC QLQ-C30
in the intervention group was 77.9, and in the control group, 71.0 (Figure 2). Adjustment
for the baseline score in both groups revealed a difference of 5.3 points (95%CI 0.60; 10.01,
p = 0.027). At24 months postoperatively, the mean score for global health in the intervention
group was 75.1 and in the control group 68.0, with a difference of 4.8 points (p = 0.083)

(Table 2).

Table 2. Mean scores of the EORTC QLQ-C30, QLQ-OV28, and EQ-5D-5L at 12 and 24 months after
surgery for patients who underwent surgery with or without the Plasma]et.

Mean Score

Total Effect p-Value Direct Effect p-Value
PlasmaJet  Control (95% CI) (95% CI)
EORTC QLQ-C30
Global health
12 months 77.9 71.0 5.3 (0.6; 10.0) 0.027 * 4.4(-0.3;9.0) 0.064
24 months 75.1 68.0 4.8 (—0.6;10.3) 0.083 3.9 (—1.5;9.3) 0.160
EORTC QLQ-OV28

Abdominal

12 months 18.5 225 —3.9(—8.2;04) 0.074 —3.6(—7.9;0.7) 0.099
24 months 21.6 23.9 ~1.1(~5.7; 3.5) 0.631 —0.8 (—5.5; 3.9) 0.728
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Table 2. Cont.
Mean Score Total Effect Value Direct Effect Value
PlasmaJet  Control (95% CI) P (95% CI) P
Peripheral neuropathy
12 months 23.6 31.4 —5.9(—11.7; —0.2) 0.043 * —5.3(—11.0; 0.5) 0.076
24 months 25.4 31.0 —3.0(-9.1; 3.0) 0.328 —2.3(—8.5;3.9) 0.462
Chemo side effects

12 months 14.4 18.3 —3.6 (—6.9; —0.3) 0.032 * —3.3(—6.7; —0.01) 0.049 *
24 months 16.4 19.2 —2.4(—6.7;2.0) 0.292 —2.081 (—6.5;2.4) 0.359
Hormonal

12 months 16.3 229 —5.5(—11.3;0.2) 0.060 —5.6 (—11.4;0.2) 0.058
24 months 18.3 27.6 —4.6(—11.8;2.7) 0.215 —4.6 (—11.9; 2.6) 0.211

Body image
12 months 16.7 26.4 —8.6 (—14.2; —3.0) 0.003 * —8.4(—14.1;, -2.7) 0.004 *
24 months 19.1 39.8 —7.3(-13.8; —0.7) 0.029 * —7.1(-13.6; —0.5) 0.036 *
Attitude to disease

12 months 47.2 50.8 —1.4(—7.5;4.6) 0.645 —0.5(—6.5;5.5) 0.863
24 months 44.0 54.3 —5.7(—12.2;0.9) 0.091 —4.7 (—11.3;1.8) 0.158
Sexuality

12 months 87.4 87.1 —0.7 (—=5.0; 3.7) 0.759 —0.5(—4.8;3.9) 0.830
24 months 88.6 87.2 —0.8(—5.2;3.6) 0.717 —0.6 (—4.9; 3.8) 0.791
EQ-5D-5L

Health status
12 months 0.80 0.76 0’02(1).6;10)’029' 0.402 0’013&8’03 7 0.439
24 months 0.80 0.77 0.01(1).&60).043, 0.678 0'00(2)_8;60)'052' 0.890
VAS

12 months 75.8 68.3 6.6 (2.0;11.2) 0.005 * 5.8 (1.2;10.4) 0.014 *
24 months 72.0 68.9 2.4 (-3.0;,7.8) 0.385 1.563 (—3.8; 6.9) 0.569

Total effect: score corrected for preoperative score. Direct effect: score corrected for preoperative score and effect
of the mediators ‘Surgical outcome’ and ‘Colostomy’. * = p < 0.05.

Postoperatively, all functioning scales in the EORTC QLQ-C30 showed higher scores
in the intervention group than in the control group, which were significantly higher for
physical functioning (4.7 points at 12 months, 95% CI 0.12; 9.18, p = 0.044), role functioning
(7.8 points at 6 months, 95% CI 1.6; 13.9, p = 0.014), and social functioning (7.7 points at
24 months, 95% CI 0.5; 14.8, p = 0.048) (Table S3). During all the time points, equal QoL
scores were found between the groups with regard to cognitive and emotional functioning
(Figure 2).

Postoperatively, the symptom scales in the EORTC QLQ-C30 showed fewer symptoms
in the intervention group with regard to symptoms of fatigue (—8.0 points at 12 months,
95% CI —13.2; —2.9, p = 0.002), appetite loss (—6.1 points, 95% CI —11.4; —0.8, p = 0.024,)
and diarrhea (—5.2 points, 95% CI —10.0; —0.5, p = 0.031). At 24 months postoperatively, the
EORTC QLQ-C30 showed fewer symptoms of pain in the intervention group (—6.8 points,
95% CI —12.9; —0.8, p = 0.027) (Table S3).

3.3. EORTC QLQ-0OV28

At 12 and 24 months postoperatively, the symptom scores in the EORTC QLQ-OV28
showed a better score in the intervention group for body image than in the control group
(—8.6 points, 95% CI —14.3; —3.0, p = 0.003) (Table 2). The differences in abdominal
symptoms and attitude to disease were —3.9 points (p = 0.074) and —5.7 points (p = 0.091),
respectively (Figure 3).
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Figure 2. Outcome EORTC QLQ-C30 for every domain at five different time points (preoperative and
1, 6,12, and 24 months postoperative) for patients who had surgery with or without the Plasma]Jet.
*

p < 0.05.

3.4. EQ-5D-5L

At six months postoperatively, the EQ health status demonstrated a higher score for
the intervention group (0.80 vs. 0.76, 95% CI 0.009; 0.081, p = 0.045) (Table 2). At 12 months
postoperatively, the EQ VAS showed a higher score for the intervention group (75.8 versus
68.3 points (95% CI 2.0; 11.2, p = 0.005, Figure S2)).

3.5. Secondary Outcomes

A mediation analysis was performed to investigate if surgical outcome and colostomy
mediated the effect on QoL (Figure S1). Table 54 shows the effect of surgical outcomes
on QoL. At 12 months postoperatively, the mean score for global health in the EORTC
QLQ-C30 was 77.1 in the group with a complete CRS and 62.8 in the group without a
complete CRS (95%CI 5.6; 18.1, p = 0.002). At 24 months postoperatively, no difference in
the mean score for global health was seen.
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Figure 3. Outcome EORTC QLQ-OV28 for every domain at five different time points for patients
who had surgery with or without the PlasmaJet. * p < 0.05.

Table S5 shows the effect of a colostomy on QoL. No differences in the mean scores for
global health in the EORTC QLQ-C30 were seen at 12 or 24 months postoperatively.

Tables 2 and S3 demonstrate the total and the direct effect of the PlasmaJet on QoL.
Because the total effect on QoL is partially explained by the surgical outcome, the direct
effect of the PlasmaJet on QoL is lower. However, the direct effect of the PlasmaJet on the
QoL remained statistically significant on role functioning, fatigue, diarrhea, body image,
and the VAS score.
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4. Discussion

The aim of this study was to determine whether the use of the PlasmaJet Surgical de-
vice during CRS leads to a different QoL than conventional surgery with electrocoagulation
only. In our single-blinded randomized PlaComOv study, 326 patients with advanced-stage
ovarian cancer were requested to complete QoL questionnaires until two years after CRS.

The response rate in this study was high, and even at 24 months postoperatively, 172
of 224 (77%) patients alive completed the questionnaires. A possible explanation for the
high response rate was that patients had the choice to receive the questionnaires digitally
or by post, and a reminder was sent if the patients did not complete their questionnaires
within one week.

In general, four weeks after CRS, a lower QoL was seen for all patients compared to
QoL before surgery (Figures 2 and 3). During follow-up, however, patients indicated a
QoL that was equal to or higher than at diagnosis. This finding was in line with previous
studies [1-3].

At six months postoperatively, the EQ health status was significantly higher in the
intervention group. At 12 months postoperatively, the mean global health score was
significantly higher in the intervention group than in the control group. Patients in the in-
tervention group had a significantly better body image at 12 and 24 months postoperatively.
At 12 months postoperatively, the EQ-VAS was higher in the intervention group.

At 12 months postoperatively, the highest differences in scores between the interven-
tion and the control group were seen for body image, with 8.6 points, and fatigue, with
8.0 points.

The difference in QoL between the groups was clinically small by modern criteria but
statistically significant [27,28]. Nevertheless, in patients with a high risk of recurrence of
ovarian cancer within two years, any improvement in QoL is relevant.

To our knowledge, the finding that QoL is affected by the use of a medical instrument
during surgery for patients with advanced EOC has never been described.

Studies related to QoL in women who had undergone CRS with the addition of beva-
cizumab or hyperthermic intraperitoneal chemotherapy (HIPEC) showed that the surgery
did not adversely impact QoL [16-18]. Additionally, no clinical difference in QoL was
found between patients who underwent primary CRS and patients who underwent interval
CRS[19]. Furthermore, a surgery-related study found no difference in QoL between patients
who had undergone surgery of lower complexity and those who had undergone extensive
surgery [1-3]. All studies had a follow-up between 12 and 16 months postoperatively.

The mediation analysis showed that the direct effect of the PlasmaJet on the QoL was
less pronounced after correction for the mediated effect of higher rates of CRS and fewer
colostomies compared to the total effect. This suggests that the mediators could partially
explain the effect of the Plasma]Jet on the QoL.

In a subset analysis to analyze the effect of a colostomy on QoL, no significant differ-
ences in the mean scores for global health were seen between patients with or without a
colostomy. However, the number of colostomies in this study was small. In addition, not
every patient with a colostomy completed the questionnaires. As a result, we could not
comment on the effect of a colostomy on QoL.

No sensitivity analysis was performed for all patients who underwent surgery with
the use of the Plasmajet. Patients with less extensive disease and in whom the PlasmaJet
was not used would be transferred to the control group. In this case, more patients in the
control group would have less extensive disease, and the QoL would automatically be
higher in this group.

It is notable that the difference in QoL between the groups is mainly in physical and
role functioning, fatigue, and pain. A possible explanation could be the differences in
tissue damage when working with different equipment during surgery. The PlasmaJet
infiltrates the tissue less deeply than electrosurgery [29]. With less tissue damage, the
process of tissue repair (inflammation, proliferation by fibrogenesis, and angiogenesis and
remodeling) will proceed differently than when there is more tissue damage. Especially in
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surgery involving extensive peritoneal stripping, the surgeon must be aware of the effect of
the instrument used.

CRS with the PlasmaJet improved various QoL outcomes. At 12 months postopera-
tively, the adjuvant use of the PlasmaJet for advanced EOC resulted in a higher QoL, which
was partially explained by the mediator ‘surgical outcome’. This means that the use of the
Plasma]et can be considered despite a higher cost per procedure [30].

Further research should specifically be focused on the difference in QoL of patients
who will undergo CRS and those who will decline surgery. Knowledge of patients” QoL of
both groups, combined with survival data, is needed to fully inform patients in the process
of shared decision-making. Thereafter, patients can make an informed decision to undergo
or refuse a CRS.

Obtaining more data on the effect of a colostomy on QoL in patients with advanced
EOC may be possible if a specific instrument about stoma care is used. More informa-
tion about QoL in patients with a colostomy after CRS could help the surgical team in
perioperative decision-making.

Strengths and Limitations

This study demonstrated data up to 24 months postoperatively in contrast to previous
studies that described QoL up to a maximum of 16 months postoperatively. The overall
response rate was high, with the lowest response rate at 24 months postoperatively: 172 of
224 patients alive (77%) completed the questionnaires. The number of non-responders was
the same in both groups. A logical dropout rate was because patients died of the disease.
In contrast to other studies and because of the prospective study design, the percentage of
the non-responders who had a relapse was known (Figure 1).

Our study used an additional short validated questionnaire, the EQ-5D-5L, in contrast
to other studies among QoL of patients with advanced EOC [1,16-18].

A limitation of this study is that it was impossible to apply a correction for the QoL
of the non-respondents. Previously, Stark et al. made a correction for the non-responders
who had a recurrence of disease [18]. We waived this because there is insufficient scientific
evidence to fill in a fictitious value for QoL. A proportion of our non-responders had a
relapse, and it is plausible that they would have a lower QoL than the median QoL. On the
other hand, the non-responders without disease and in relatively good health could have
had a better QoL, improving the overall outcome in QoL.

5. Conclusions

This study demonstrated knowledge of patients” QoL until two years after CRS to
fully inform patients preoperatively. Even after adjustment for the mediator of surgical
outcome, a higher QoL was seen in patients who had surgery with the use of the PlasmaJet
device at 12 months postoperatively.
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