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General introduction

Parts of this chapter appear in the following article:
'O0("™*++,-&"M(("H34"V07-,&"34D"c('("+4J-

F2;-089-0/7G"74803;-078+4-3,"G9-/+89-03;2".+0"+H30734"G34G-0b"89-"9-38"75"+4(
I"#$%8&#$%<e";:,-/-48"#@b@B>="2<f
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Incidence and survival
RH30734"G34G-0"75"74"89-"8+;"%%$"+."G34G-0"D73K4+5-5"74" -/3,-5"6+0,D6 7D-("S4"#$%>&"3,/+-
f$5&P$S" 6+/-4" 6-0-" D73K4+5-D" K,+13,,2" 34D" %>B&$$$" 6+/-4" D7-D" +." +H30734" G34G-0&"
accounting for 4.4% of all cancer related deaths.”%'\ 89+:K9" 89-"K,+13," 74G7D-4G-" +."
-;789-,73,"+H30734"G34G-0"5,7K98,2" D-G0-35-D" +H-0"89-";358" D-G3D-&"89-"4:/1-0" +." V:8G9"
patients is fairly stable at around 1,100 each year.”® Most patients present with non-

specific abdominal discomfort. The lack of specific symptoms and screening methods often

precludes early diagnosis and about 70-80% of women with ovarian cancer present with

International Federation for Gynecology and Obstetrics (FIGO) stage Il or IV disease, in
697G9"D75-35-"935"5;0-3D"8+"89-":;;-0"31D+/-4"+0"1/Z+qP{?2-30"5:0H7H3,"+."6+/-4"

with advanced disease is only 10-15% and did not improve in the past 20 years.”¥<

Treatment strategies

""0K-02"935"1--4"89-"G+04-058+4-"+."80-38/-48" +." NScR"583K-"SSS" 34D" SX" +H30734" G34G-0
since decades. The objective of surgery is a complete resection of all macroscopically visible

disease. Cytoreductive surgery includes hysterectomy, bilateral oophorectomy, and infra-
34D"5:,03?G+,7G" +/-48-G8+/2(" Q:/+0" D-;+5785" 38" +89-0" 578-5"59+:,D" 3,5+" 1-" G+/;,-8-,2"
0-/+H-D("RH30734" G34G-0".0-g:-48,2" 5;0-3D5" 8+" 89-" ;-078+4-:/" +." 3,," 74803?31D+/743,"
structures, and en-bloc peritoneal resection together with all involved structures might be

required. Extensive surgery including bowel resection, peritonectomy, and stripping of the

diaphragm may be required for complete cytoreduction.

Systemic chemotherapy with carboplatin area under the cure (AUC) 5-6 and paclitaxel 175

IKT/ #'3D/74758-0-D"74803H-4+:5,2&"-H-02"890--"6--J5".+0"57a" G2G,-5"75"5834D30D" +."G30-" 74
.0+48?,74-"89-03;2" +." -;789-,73," +H30734*T3A4B-80-03;2" G34" 1-" 3D/74758-0-D" 35"

adjuvant treatment after primary cytoreductive surgery or as neo-adjuvant treatment,

followed by interval cytoreductive surgery. If upfront cytoreductive surgery is not feasible,

interval cytoreductive surgery can be performed following three cycles of neo-adjuvant
G9-/+89-03;2"74"+0D-0"8+"5;30-"H783,"580:G8:0-5&" 0-D:G-"8:/+0" 1:0D-4" 34D" 74G0-35-"89-"
chances of complete cytoreduction. Interval cytoreduction is then followed by adjuvant 3
G2G,-5"+."G9-/+89-03(*Patients with high-grade serous tumors that harbor pathogenic

BRCA1/2 mutations are candidate for maintenance therapy with poly (adenosine
D7;9+5;938-"h\VWij071+5-U";+,2/-035-"OWACWU?7497178+0" +,,+6 74K"®9-/+89-03;2(

Despite macroscopically complete cytoreductive surgery, extensive chemotherapy, and
maintenance PARP inhibition in selected patients, the vast majority of patients with
3DH34G-D"583K-"-;789-,73,"+H30734"G34G-0"D7-5".0+/"0-G: 0848 HH-30(8+4-3,"
surface is the primary site of disease recurrence in most patients, highlighting the need for
treatment strategies that specifically target the peritoneum.

Intraperitoneal chemotherapy

Intraperitoneal administration of chemotherapy specifically targets remaining microscopic
disease after complete cytoreduction. Intravenous administration of chemotherapy
often hinders therapeutic drug concentrations in intraperitoneal tumor depositions.”®"
In vitro research showed that intraperitoneal administration of chemotherapy does
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results in therapeutic intracellular drug concentrations, with a penetration depth of 1-3
/(& *\GG+0D74K,2&" 034D+/71-D" 8073,5&" /-83?343,25-5&" 34D" 0-3,76+0,D" D383 ‘I 6"
that administration of the right dose of adjuvant intraperitoneal chemotherapy after
cytoreduction improves overall survival and progression-free survival in patients with
3DH34G-D" +H30734" G348®¢480+H-057-5" 0-K30D74K" 89-" G+4G-;8" +." 74803;-078+4-3,"
80-38/-48&" 89-"D-57K4" +." 89-"034D+/71-D" 58:D7-5&" 34D" 74G0-35-D" 8+a7G782" O-(K(&" G389-8
related complications, renal dysfunction, gastro-intestinal dysfunction, and infections

and pain) prevent this treatment from being widely adopted in clinical practice.*@4*54"34"

attempt to reduce toxicity of intra-peritoneal chemotherapy, dose reductions from 100 mg/

[ #'8+"=B"/KTf and carboplatin instead of cisplatin have been evaluated without success,

despite the addition of bevacizumab.?

Hyperthermic intraperitoneal chemotherapy

Hyperthermic intraperitoneal chemotherapy (HIPEC) is an alternative way to target
[7GO0+5G+;7G";-078+4-3,"8:/+0"D-;+5785"34D"75";-0.+0/-D"35"3"574K,-";0+G-D:0-"38"89-"-4D"
of the cytoreductive surgery. Hyperthermia has a direct cytotoxic effect on tumor cells
34D"74D:G-5"9-38?59+GJ";0+8-745"8938"5-0H-"35"0-G-;8+05".+0"438:03,"J7,,-0?G-,,5&",-3D74K" ¢
apoptosis and inhibiting angiogenesis.”?*<Hyperthermia also causes depletion of BRCA1

34D" [CP\#";0+8-74"34D"89:5" 34D" 7/;3003% T#protein function. As a result, tumor

cells are disabled to repair double-strand breaks through homologue recombination,

thereby sensitizing these tumors to the platinum containing or alkylating chemotherapy
8938"75"7480+D:G-D"D:074K*ESWWHR(is thus an attractive option after microscopically

remaining disease after complete cytoreduction for tumors with a tendency to spread to
89-";-078+4-3,"5:0.3G-&"34D"5:G9"35"+H30734"G34G-0"34D"G+,+0-G83,"G34G-((

Q+630D5"89-"-4D" +." 89#*#3$-48:02&" FSW]P" /3D-" 785" -4802" .+0" 80-38/-48" +." G+,+0-G83,"
G34GHO(HIPEC was also hypothesized to be attractive for patients with advanced ovarian

cancer, given the frequency of peritoneal recurrences and initial platinum chemo-sensitivity.

We performed a phase Ill, randomized, multicenter trial to investigate whether the addition

of HIPEC to interval cytoreductive surgery improves recurrence-free and overall survival.

Chapter 2 describes the first randomized evidence on treatment with HIPEC for patients

with ovarian cancer in the frontline setting. The OVHIPEC trial was an open-label trial and

the primary endpoint was investigator-assessed recurrence-free survival. CT-scans and

serum CA-125 measurements were performed at regular intervals for patients in both
80-38/-48"30/5&"1:8"-5831,759/-485"+."D75-35-"0-G:00-4G-5"/7K98"93H-"1--4"1735-D"12"89-"
open-label design of the trial. Therefore, we collected all available CT-scans of patients

that participated in the trial and performed central assessment of recurrence-free survival
135-D"+4"PQ?5G34" 7/3K-diaptér 3. In addition, we tested the hypothesis that HIPEC

specifically targets the peritoneal surface by analyzing the site of disease recurrence.

Patient-reported outcomes, side effects, health-related quality of life and patients’
satisfaction with care have been increasingly recognized as relevant parameters in the
evaluation of new medical treatments. We assessed the effect of the addition of HIPEC
on the patients’ symptom burden and health-related quality of life in the OVHIPEC trial
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74¢hapter 5. We present de results of a Markov model for cost-effectiveness analyses
.+0" 8975" 4-6" 80-38/-48" /+D3,782Zhadter 6 to support clinical implementation and
0-7/1:05-/-48"D-G757+45(

Prognostic factors and biomarkers

Before and during treatment, diagnostic measures can provide insight into important

prognostic factors that predict disease-free and overall survival, and predictive factors for

treatment effect. Standard diagnostic workup for patients with FIGO stage Ill/IV ovarian

cancer includes gynecological examination, transvaginal ultrasound, serum CA-125
/-35:0-/-48&"89+03G7G"34D"31D+/743,"G+/;:8-D"8+/+K03;92"OPQU"5G34"34D&"7.";+5571,-&"
cytological or histological confirmation of the disease. Serum CA-125 measurements and
PQ?5G345"D:074K"80-38/-48"9-,;"-H3,:38-"80-38/-48"0-5;+45-"34D"G34"5:15-g:-48,2";,0-D7G8"
G,747G3," +:8G+¢H4pter 3" 0-;+085" 89-" 0-5:,85" +." G-4803,,2" 355-55-D" 135-,74-" 7/3K74K"
studies and radiological response to neo-adjuvant chemotherapy as prognostic and

predictive marker of outcome after HIPEC.

Q9-"317,782"8+"3D-g:38-,2"3D/74758-0"5834D30D"D+5-5"+."G9-/+89-03;2"75"34+89-0";+5571,-"
prognostic factor.”@¢"@¢hemotherapy toxicity often leads to decline of the patients’ clinical

fitness, dose reductions and treatment delays, all related to poor outcome. Significant

6-7K98" ,+55" 34D" ,+55" +." 5J-,-83," /:5G,-" /355" D:074K" 80-38/-48" 30-" ;+5571,2" 0-,38-D"
to treatment toxicity and patient outcome.”"M-"8-58-D" ,+55"+."5J-,-83,"/:5G,-" /355" 35"
independent prognostic factor in ovarian cancer patients participating in the OVHIPEC trial

74¢hapter 4(

Mutational analysis of tumor tissue samples also increasingly become important predictive

and prognostic tools in patients with ovarian cancer. Around 90% of ovarian cancers are

of carcinomas, and these can be divided into five histological subtypes: high-grade serous

(88%), high-grade endometrioid (2.5%), clear cell (4.5%), mucinous (1%), and low-grade

serous or endometrioid carcinomas (5%).74<¢@ach of these subtypes has a different mu?

tational background and assumed etiology. Up to 50% of patients with high-grade serous

ovarian cancer are homologous recombination deficient due to germline or somatically
3Gg:70-D"10-358"G34G-0"K-4-"YCRVHOCP1#) mutations, epigenetic inactivation of

[CP9% or defects in the homologous recombination pathway such as CIVB%B34DIQ" (@%4"@#

During homologous recombination, one of the mechanisms in the repair of double-strand
10-3J58CP\%&"[CP\#&"CI\VB4D" 785" 9+/+,+K5"30-"7/;+08348".+0"574K,-?58034D"V)\"0-38
83G9/-48€"@Hereditary or somatic mutations in [CP1%&"[CP\&"+0"+4-"+."89-"+89-(' 9+

mologs cause homologue recombination deficiency. This results in activation of error-prone
D+:1,-?58034D"10-3J"0-;370"/-G93475/5"5:G9" 35" 4+49+/+,+K+:5"-4D" L+7474K&" ,-3D74K" 8+"
K-4+/7G"7458317¢P8B@atients diagnosed with high-grade serous ovarian cancer have an
approximately 20% likelihood of an inherited [CP196'+0[CP# mutation.@=ince platinum
3K-485"74D:G-"V)\"D+:1,-?58034D" 10-3J5&" 8:/+05" 9301 0P KA Btation are more

sensitive to platinum agents.*@% @>&"@<

A method to not only identify tumors with [CP1% T#mutations, but identify all tumors that
fail homologue-recombination, is done by analyzing genome-wide copy-number aberration
data. This is used to visualize genomic scar signatures of defective DNA repair in tumors.B3&8%

01
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So called copy-number variation profiles can be grouped to being [CP| ?,7J-"+0"4+4?[CP\?

like. Selection of tumors that are deficient in homologous recombination is increasingly ‘I
recognized as a relevant marker for treatment selection in ovarian cancer. We developed an
HRD-classifier in order to select tumors with [CP1%?,7J-"57K438:0-5&"34D"H3,7D38-D"78"678€
the OVHIPEC-1 trial population (chapter 7). To test the hypothesis that patients with tumors

that harbor aberrations related to homologous recombination deficiency are particularly

sensitive to HIPEC, we estimated the effect of HIPEC in patients who participated in the

phase 3 OVHIPEC-1 trial and stratified the results by BRCAm and HRD status in chapter 8("

Q9-"K-4-03,"D75G:557thapdeér 9 elaborates on the strengths and pitfalls of these results
and shows an insight in current developments in treatment of patients with advanced
ovarian cancer. It moreover covers directions for future research in order to properly select

patients for treatment with HIPEC, and to further establish its working mechanism. Chapter
45'5://3071-5"89-"0-5:,85"+."89-"89-575("

00
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Hyperthermic intraperitoneal
chemotherapy in ovarian cancer
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Abstract

Background" QO0-38/-48"+."4-6,2"D73K4+5-D"3DH34G-D?583K-"+H30734"G34G-0"82;7G3,,2"
involves cytoreductive surgery and systemic chemotherapy. We conducted a trial to

investigate whether the addition of hyperthermic intraperitoneal chemotherapy (HIPEC)

to interval cytoreductive surgery would improve outcomes among patients who were
0-G-7H74K"4-+3DL:H348"G9-/+89-03;2".+0"583K-"SSS"-;789-,73,"+H30734"G34G-((

Methods In a multicenter, open-label, phase 3 trial, we randomly assigned 245
patients who had at least stable disease after three cycles of carboplatin (area under the
G:0H-"+."B"8+"A"/K";-0"/7,,7,78-0";-0"/74:8-U"34D";3G,783a-," 0%=B"/K";-0"59g:30-"/-8-0"+."
body-surface area) to undergo interval cytoreductive surgery either with or without
administration of HIPEC with cisplatin (100 mg per square meter). Randomization was
performed at the time of surgery in cases in which surgery that would result in no visible
disease (complete cytoreduction) or surgery after which one or more residual tumors
measuring 10 mm or less in diameter remain (optimal cytoreduction) was deemed to
be feasible. Three additional cycles of carboplatin and paclitaxel were administered
postoperatively. The primary end point was recurrence-free survival. Overall survival and
the side-effect profile were key secondary end points.

Results In the intention-to-treat analysis, events of disease recurrence or death
occurred in 110 of the 123 patients (89%) who underwent cytoreductive surgery without
HIPEC (surgery group) and in 99 of the 122 patients (81%) who underwent cytoreductive
surgery with HIPEC (surgery-plus-HIPEC group) (hazard ratio for disease recurrence or
death, 0.66; 95% confidence interval [CI], 0.50 to 0.87; P =0.003). The median recurrence-
.0--"5:0H7H3,"635"%$(="/+4895"74"89-"5:0K-02"K0+:;"34D"% @ (#"/+4895"74"89-"5:0K-02?;,:5?
HIPEC group. At a median follow-up of 4.7 years, 76 patients (62%) in the surgery group and
61 patients (50%) in the surgery-plus-HIPEC group had died (hazard ratio, 0.67; 95% Cl, 0.48
to 0.94; P =0.02). The median overall survival was 33.9 months in the surgery group and
45.7 months in the surgery-plus-HIPEC group. The percentage of patients who had adverse
events of grade 3 or 4 was similar in the two groups (25% in the surgery group and 27% in
the surgery-plus-HIPEC group, P =0.76).

Conclusions Among patients with stage Il epithelial ovarian cancer, the addition of

HIPEC to interval cytoreductive surgery resulted in longer recurrence-free survival and
overall survival than surgery alone and did not result in higher rates of side effects.
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Introduction
RH30734"G34G-0"75"355+G738-D"6789"89-"97K9-58"/+083,782"+."3,,"K24-G+,+K7G" G34G-05"7
western world. The majority of patients receive a diagnosis of advanced disease that

has spread beyond the ovaries to the peritoneal surface. The most effective treatment

for advanced disease involves a maximum effort to reduce the tumor burden through

surgery followed by six cycles of intravenous chemotherapy with carboplatin and 2
paclitaxel. Alternatively, interval cytoreductive surgery is performed after three cycles
+."G9-/+89-03;2(**854803;-078+4-3," D-,7H-02" +." G9-/+89-03;2"-4934G-5"D0:K" D-,7H-0

the peritoneal surface and may improve outcomes by eliminating residual microscopic

peritoneal disease more efficiently than intravenous administration of chemotherapy.

Combination treatment with intravenous and intraperitoneal chemotherapy has been

shown to prolong overall survival after primary cytoreduce tive surgery among patients

6789" 583K-" SSS" +H30734"G338B-@-070-,38-D" ;0+1,-/5&" 74G0-35-D" D-/34D5" +4" 89-"
patient, and gastrointestinal and renal side effects have hampered the adoption of this

3;;,0+3G9" 74" [+58" G+:4807-5(" V-,7H-02" +." 89-" 74803;-078+4-3," G9-/+89-03;2" 38" 89-" -4D"
+."5:0K-02" G34" G70G:/H-48" /+58" +." 89-5-" D03613GJ5" 697,-" /374837474K" 785" 3DH3483K-5("
S4803;-078+4-3," G9-/+89-03;2" D:074K"5:0K-02"8938" G34" 1-"D-,7H-0-D":4D-0"92;-089-0/7G"
conditions is termed hyperthermic intraperitoneal chemotherapy (HIPEC). Hyperthermia

increases the penetration of chemotherapy at the peritoneal surface and increases the

sensitivity of the cancer to chemotherapy by impairing DNA repair. Hyperthermia also

induces apoptosis and activates heat-shock proteins that serve as receptors for natural killer

cells, inhibits angiogenesis, and has a direct cytotoxic effect by promoting the denaturation
+.";0+8-745(*he addition of HIPEC to interval cytoreductive surgery for the treatment of

ovarian cancer is feasible, but efficacy data from randomized trials are lacking.”*M-"0-;+08"

the results of a randomized, open-label, phase 3 trial of interval cytoreductive surgery with

or without HIPEC in patients with International Federation of Gynecology and Obstetrics

stage Ill ovarian, fallopian tube, or peritoneal cancer who had at least stable disease after

three cycles of neoadjuvant chemotherapy with carboplatin and paclitaxel.

Methods

A&+"*(1E%&-+><.

The trial was designed by an executive committee that included lead investigators and a
statistician. Approval forthetrial protocol was obtained from the relevantinstitutional review
boards. Data were collected by the Netherlands Comprehensive Cancer Organisation. Final
data collection and analysis were performed by personnel at the data coordinating center
at the Department of Biometrics, the Netherlands Cancer Institute, Amsterdam. The first
author wrote the initial draft of the manuscript. All the authors contributed to subsequent
revisions of the draft, agreed to submit the manuscript for publication, and vouch for the
accuracy and completeness of the data and analyses and for the fidelity of the trial to the
protocol. There were no agreements regarding confidentiality between the sponsor and
either the authors or the participating institutions.

Patents

Eligible patients had newly diagnosed stage lll epithelial ovarian, fallopian tube, or
;-078+4-3," G34G-0" 34D" 6-0-" 0-.-00-D" .+0" 4-+3DL:H348" G9-/+89-03;2" 1-G3:5-" 89-70"
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abdominal disease was too extensive for primary cytoreductive surgery or because surgery

had been performed but was incomplete (i.e., after surgery, one or more residual tumors
/-35:074K"n%"G/"74"D73/-8-0"6-0-";0-5-48U("],7K717,782"G078-073"3,5+"74G,:D-D"3"M+0,D"F-3,89
Organization performance-status score of 0 to 2 (on a scale of 0 to 5, with higher numbers

indicating decreasing performance), normal blood counts, and adequate renal function. All

the patients provided written informed consent before enroliment.

A&+"*(C%-+>#

We performed a multicenter, randomized, open-label, phase 3 trial to assess the efficacy

and safety of interval cytoreductive surgery with HIPEC as compared with interval
cytoreductive surgery without HIPEC. Patients who had received three cycles of neoadjuvant
chemotherapy with carboplatin (area under the curve of 5 to 6 mg per milliliter per minute)
34D";3G,783a-,"0%=B"/K";-0"5g:30-"/-8-0"+."1+D2?5:0.3G-"30-3U"G+:,D"1-"0-K758-0-D"74"89-"
trial before the interval cytoreductive surgery took place. Randomization was performed at

the time of surgery in cases in which complete or optimal cytoreduction was anticipated.

Complete cytoreductive surgery was defined as surgery that resulted in no visible disease

(residual disease classification, R-1), optimal cytoreductive surgery as surgery that resulted
74"89-",0-5-4G-"+."+4-"+0"/+0-"0-57D:3,"8:/+05"/-35:074K",-55"8934"#(B"/"OC?#3U"+0"#(B"8+"
10 mm in diameter (R-2b), and incomplete cytoreductive surgery as surgery that resulted
74"89-";0-5-4G-"+."+4-"+0"/+0-"0-57D:3,",-57+45"/-35:074K"/+0-"8934"%$"//"74"D73/-8-0("

For logistic reasons, at two of the eight participating centers, a diagnostic laparoscopy was

performed before surgery to evaluate whether complete or optimal surgery was feasible.

At the time of surgery, patients were randomly assigned, in a 1:1 ratio, to undergo interval
cytoreductive surgery either with HIPEC (surgery-plus-HIPEC group) or without HIPEC

(surgery group). Randomization was performed with the use of a minimization procedure,

with stratification according to previous surgery (yes vs. no), the hospital in which the
5:0K-02"635"1-74K";-0.+0/-D&"34D"89-"4:/1-0"+."74H+,H-D"0-K7+45"74"89-"31D+/743,"G3H782"
0%$"8+"B"H5("A"8+">U(

Q9-"8073,"635" G+4D:G8-D" 38" -7K98" 9+5;783,5" 38" 697G9"/-D7G3," ;-05+44-,"93D" -a;-07-4G-"
in administering HIPEC in patients with peritoneal disease from colon cancer or from

pseudomyxoma peritonei. HIPEC was administered at the end of the cytoreductive surgical

procedure with the use of the open technique. In brief, the abdomen was filled with saline

that circulated continuously with the use of a roller pump through a heat exchanger.

By circulation of the heated saline, an intraabdominal temperature of 40°C (104°F) was

maintained. Perfusion with cisplatin at a dose of 100 mg per square meter and at a flow

rate of 1 liter per minute was then initiated (with 50% of the dose perfused initially, 25%

at 30 minutes, and 25% at 60 minutes). The perfusion volume was adjusted such that the

entire abdomen was exposed to the perfusate. The HIPEC procedure took 120 minutes in
8+83,&"74G,:D74K"89-"<$?/74:8-";-0.:57+4";-07+D("\8"89-"-4D" +."89-";-0.:57+4&"D03745"6-0-"
:5-D"8+"-/;82"89-"31D+/743,"G3H782"35"G+/;,-8-,2"35";+5571,-("Q+";0-H-48"4-;90+8+a7G782&"
5+D7:/'897+5:,;938-"635"3D/74758-0-D"38"89-"58308"+.";-0.:57+4"35"34"74803H-4+:5"1+,:5"0<"
g per square meter in 200 ml), followed by a continuous infusion (12 g per square meter in

1000 ml) over 6 hours. Urine production was maintained at a minimum of 1 ml per kilogram

per hour during hyperthermic perfusion and for 3 hours after surgery.

21
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Patients received an additional three cycles of carboplatin and paclitaxel after surgery.
During follow-up, physical examinations and measurement of the serum cancer antigen
125 (CA-125) level were repeated every 3 months for 2 years and then every 6 months until
5 years after the completion of chemotherapy. Computed tomography was performed at
1, 6, 12, and 24 months after the last cycle of chemotherapy. Patients completed health-
related quality-of-life questionnaires — the European Organisation for Research and 2
Treatment of Cancer (EORTC) Quality of Life Questionnaire—Core 30 (QLQ-C30), Quality of
Life Questionnaire—Ovarian Cancer Module (QLQ-0V28), and Quality of Life Questionnaire—
Colorectal Cancer Module (QLQ-CR38) — with- in 2 weeks before randomization, before
the fourth cycle of chemotherapy, 1 week after completion of chemotherapy, and during
+,,+67:;"38"&"A&"<&"WH#&"YB& " %>&"#%&"34D"#@"/+4895(

=H@(/5+#.-

The primary end point was recurrence-free survival, which was defined as the time from
randomization to disease recurrence or progression or death from any cause, whichever
occurred first. Disease progression was defined according to Response Evaluation Criteria
74"+, 7D"Q:/+05"OCIPS'QU&"H-057+4"%(%&" +0"+4"89-"13575" +." 34" 74G0-35-".0+/" 135-,74-"74"¢
CA-125 level, whichever one of these two criteria was met first, as recommended by the
€24-G+,+K7G"P34G-0"S48-0c0+:;"OcPScU"?"05--"89-"":;;,-/-48302"\;*#PF@aw4 D302"
end points included overall survival, the side-effect profile, and health-related quality of
life; no correction for multiple testing was performed. Data on recurrence-free survival and
overall survival were censored at the date of the last contact for the patients who remained
alive and had no evidence of disease. The cutoff date for data was set at March 31, 2017.

Statstcal Analysis

We determined that a sample of 245 patients with sufficient follow-up for observation

+." %o<#"-H-485" +." D75-35-" 0-G:00-4G-&" D75-35-" ;0+K0-557+4&" +0" D-389" 6+:,D" ;0+H7D-" 89-"
trial with 80% power to detect 50% longer median recurrence-free survival (27 months

vs. 18 months, with a hazard ratio for disease recurrence, disease progression, or death

+."$(ARU74" 89-"5:0K-027?;,:5?FSW]P" KO+:;"8934" 74" 89-" 5:0K-02" KO+:;&" 38" 34" +H-03,," 86+7?
sided type | error rate of 0.05. A prespecified interim analysis for efficacy was performed

after data from 50% of the required sample were available. The significance level for the

final analysis was set at 0.048 to preserve an overall significance level of 0.05. Analyses

of recurrence-free and overall survival were based on the intention-to-treat population

and were stratified according to previous surgery (yes vs. no), the hospital in which the
5:0K-02"635"1-74K";-0.+0/-D&"34D"89-"4:/1-0"+."74H+,H-D"30-35"74"89-"31D+/743,"G3H782("
Kaplan—Meier estimates were compared with the use of stratified log-rank tests. Hazard

ratios and the corresponding 95% confidence intervals were estimated with the use of Cox
proportional-hazards models. Exploratory analyses of recurrence-free survival and overall

survival were prespecified for subgroups defined according to previous surgery (yes vs. no)
34D"4:/1-0"+."74H+,H-D"0-K7+45"+."89-"31D+/743,"G3H782"34D"6-0-";-0.+0/-D";+58"9+G".+0"
subgroups defined according to the patients’ age (<65 vs. 265 years), tumor histologic type

(high-grade serous vs. other), and previous laparoscopy (yes vs. no). Hazard ratios for the

subgroup analyses are provided with 99% confidence intervals. Adverse events were graded

according to National Cancer Institute Common Terminology Criteria for Adverse Events,

20
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version 4.0. In the safety analysis, we included data from all patients who received the
assigned treatment. We used mixed-effects growth-curve modeling to evaluate linear and
nonlinear changes from baseline in health-related quality of life over time; this modeling

adjusted for nonignorable missing data from quality-of-life questionnaires that were not
G+/;,-8-D(

276 Patients were registered

31 Were ineligible

10 Had insufficient response to neoadjuvant
chemotherapy

9 Did not undergo or had incomplete
cytoreductive surgery

5 Declined to participate

2 Had logistic reason

2 Had low blood counts

2 Had uncertain diagnosis

1 Had poor performance-status score

245 Underwent randomization

123 Were assigned to undergo cytoreduc-
tive surgery without HIPEC
122 Received assigned treatment
1 Did not receive assigned treatment
owing to withdrawal of consent

122 Were assigned to undergo cytoreduc-
tive surgery with HIPEC
118 Received assigned treatment
4 Did not receive assigned treatment
2 Underwent surgery without
resection owing to progressive
disease
1 Did not undergo cytoreductive
surgery owing to progressive
disease
1 Did not receive HIPEC owing to
technical issue

1 Was lost to follow-up (after
7 mo) after disease recurrence

1 Was lost to follow-up (after
1 mo)

| 1 Was lost to follow-up (after

20 mo) after disease

recurrence

123 Were included in the intention-to- 122 Were included

in the intention-to-
treat analysis

treat analysis

1 Was excluded from the safety
analysis owing to not receiving |<—j
assigned treatment

4 Were excluded from the safety
| analysis owing to not receiving
assigned treatment

122 Were included in the safety analysis

118 Were included in the safety analysis

N7K:0-"#(%ffollment, randomization, and follow-up.

The patient who was randomly assigned to the surgery group but did not undergo cytoreductive surgery owing
to withdrawal of consent allowed the use of all her registered data before the time of withdrawal. Incomplete
cytoreductive surgery was defined as surgery that resulted in the presence of one or more residual lesions

measuring more than 10 mm in diameter. The 245 patients in the intention-to-treat population were followed
until death or loss to follow-up.

22
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Results

Patents
V:074K"89-";-07+D".0+/"\;07,"#$$="890+:K9"\;07,"#$%A&"3"8+83,"+."#@B"6+/-4"6-0-"-40+,,-D"
at eight participating centers in the Netherlands and Belgium. The minimum number
+."-H-485"0-g:70-D".+0"343,2575"+."89-";07/302"-4D";+748" 635" 0-3G9-D" 74"\;07," #$9
efficacy data were updated in March 2017. Information on the enrollment, randomization, 2
treatment, and follow-up of the patients is shown in Figure 2.1. Demographic and baseline

disease characteristics and surgical and treatment information for the two trial groups are
59+64"74"Q31,-"#(% ("

Table 2.1. Baseline characteristics and surgery characteristics*

% Surgery% Surgery + HIPEC%
(N=123) (N=122)
Baseline characteristics " %
Age —yr " %
Median (Quartile 1 — Quartile 3) % Af"OBA"]"AAU A%"OBB"|'®AU
Histology — no. (%)0% " %
High grade serous% %$="0*=U %%#"O%H#U
High grade endometrioid% 1(<1) 1(<1)%
Carcinosarcoma% @"0ofu 1(<1)%
Mucinous% #'O#U 1(<1)%
Clear cell carcinoma% B"O@U $"O%
Low grade serous% #"'O#U @"OfJ
Low grade endometrioid% $"0OsU #'Ofk
Metastasis gastrointestinal tumor% 1(<1) $"0O%
Unknown% 1(<1) 1(<1)%
Prior surgery — no. (%) " %
Yes% %#"O%$U %" O%HU
No% %%9%"0O<$U %%3$"O%BU
Number of regions affected at start of interval cy. " %
toreductive surgery — no. (%)p%
0-5% >f'"OAZU >f"OAS
6-8% @%$"OffU f<"Of#tth
23

149405-koole_binnenwerk_20210221-def.indb 23 21/02/2021 19:29



()$%++-

Table 2.1. Baseline characteristics and surgery characteristics - continued*

Treatment characteristics " %
Residual disease after surgery — no. (%) " %

R-1: no visible tumor, complete CRS% >SH'OA=U >@"0OAxU

R-2a: tumor nodules <2.5mm% #@"O#SU ##"O%HU

R-2b: tumor nodules >2.5mm and <10mm% %@"0%%U %f"O%8%0U

Tumor nodules >10mm, suboptimal CRS% %"0$(>U $"O%

No resection§% %"0%$(>U #'0fb)

No surgery performed% %"0$(>U %"0%$psU
Bowel resections — no. (%) " %

No bowel resection performed% <f"O=AU <f'O=Ad

Bowel resection with ileo-/colostomy %f"0%%U #%"O%=U

Bowel resection without ileo-/colostomy% %="0%@U >"O%4
Duration of operation — minutes " %

Median (Quartile 1 — Quartile 3)% %<#"O%Bf"|"#B%U {f>"O#<<"|"@#AU
Days hospitalized — no. of days || " %

Median (Quartile 1 — Quartile 3)% >"O="j"%$U %%"O>"j"PgttU
Time between surgery and first adjuvant chemo. " %
therapy cycle — no. of days

Median (Quartile 1 — Quartile 3)% f$"O#B"|" @%U fi"O#>"" @%U
Number of cycles adjuvant chemotherapy — no. (%) " %

0% ="OAU B"O@U

1% #"'O#U $"O%

2% f"O#U #'0fb)

3% %%%" Q% %U %%B"O%@U

* There were no significant differences between the trial groups in any of the variables listed in this table.

Among patients who had a bowel resection, the rate of ileostomy or colostomy was significantly higher after

FSW]P"O#% T#<"H5"%#T{$U&";?H3,:-"$($@ ("W-0G-483K-5"/32"4+8"5:/"8+"%$$"1-G3:5-"+."0+:4D74K&"FSW]P"D-4+8-5"
hyperthermic intraperitoneal chemotherapy, and IQR interquartile range."”
0"F758+,+K7G"82;-"635"D-8-0/74-D"+4"89-"13575"+."G-4803,,2"0-H7-6-D";389+,+K7G3,"355-55/-48(
p"\8"89-"58308"+."5:0K-02&"89-"4:/1-0"+."0-K7+45"74H+,H-D6789"D75-35-"635"355-55-D"35"D-5G071-D"12"X-0633,"-8"

3’(/08
§ Surgery was performed, but no resection was possible.

|| The median duration of hospitalization included a 1-day stay in the intensive care unit after HIPEC, as specified

74"89-",0+8+G+,(
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\(

1.0 A —— CRS
—— CRS+HIPEC
0.8 A
stratified log-rank p =0.003
z 2
3 06 1
©
Qo
[
o
g
S 04
[2]
0.2 A
0.0 A
0 1 2 3 4 5
Years
CRS 123 48 18 7 5 2
CRS+HIPEC 122 67 31 15 7 5
1.0 A —— CRS
—— CRS+HIPEC
0.8 A
stratified log-rank p =0.02
2
Z 06 1
8
[
o
5 04 A
2]
0.2 A
0.0 A
0 1 2 3 4 5
Years
CRS 123 103 70 44 27 12
CRS+HIPEC 122 108 79 56 37 20

N7K:0-"#(#@plan—Meier estimates of recurrence-free survival and overall survival.

Panel A shows Kaplan—Meier estimates of recurrence-free survival among patients in the intention-to-treat
population. Events of disease recurrence or death were observed in 110 patients (89%) in the surgery group and
in 99 patients (81%) in the surgery-plus-HIPEC group.

Panel B shows Kaplan—Meier estimates of overall survival among patients in the intention-to-treat population. A
total of 76 patients (62%) in the surgery group and 61 (50%) patients in the surgery-plus-HIPEC group died.
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Subgroup Surgery Surgery-plus-HIPEC Hazard Ratio (99% Cl)
no. of events/total no.

Age
265 yr 43/45 34/43 —— 0.63 (0.35-1.15)
<65 yr 67/78 65/79 —— 0.72 (0.46-1.12)
Histologic type
High-grade serous 96/107 91/112 O] 0.69 (0.48-1.02)
Other 14/15 719 — 0.56 (0.17-1.86)
Previous surgery
No 100/111 90/110 —— 0.71 (0.49-1.03)
Yes 10/12 9/12 T 0.47 (0.14-1.61)

No. of involved regions

0-5 73/83 62/83 —— 0.64 (0.41-1.01)
6-8 37/40 37/39 —— 0.66 (0.35-1.23)
Laparoscopy before surgery
No 95/105 86/103 ——] 0.69 (0.47-1.02)
Yes 15/18 13/19 T 0.61 (0.23-1.63)
0:1 1.0 16.0
Surgery-plus-HIPEC Surgery
better better
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Subgroup Surgery Surgery-plus-HIPEC Hazard Ratio (99% Cl)
no. of events/total no.
Age
265 yr 28/45 24/43 —t—i 0.82 (0.40-1.68)
<65 yr 48/78 37179 —— 0.60 (0.34-1.05)
Histologic typet
High-grade serous 62/107 57/112 —— 0.76 (0.47-1.21)
Other 14/15 4/9 _— 0.31 (0.07-1.37)

Previous surgery$§
No 71111 56/110 —— 0.66 (0.42-1.05)
Yes 5/12 5/12 7 0.77 (0.15-3.94)

No. of involved regions#

0-5 46/83 34/83 —— 0.62 (0.35-1.12)
6-8 30/40 27/39 —— 0.74 (0.38-1.48)
Laparoscopy before surgery
No 63/105 51/103 —— 0.67 (0.41-1.09)
Yes 13/18 10/19 —— 0.62 (0.20-1.90)
0:1 1.0 10‘.0
Surgery-plus-HIPEC Surgery

better
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patients [43%]) (P = 0.04). The median total length of hospital admission was 8 days in the
5:0K-02"K0+:;"34D"%$"D325"74"89-"5:0K-027;,:5?"FSW]P"K0+:;&"74G,:D74K"%"D32"74"89-"748-457
care unit (ICU), as required by the protocol. The median time between the completion of

surgery and the restart of chemotherapy after surgery was similar in the two groups — 30
D325"74"89-"5:0K-02"K0+:;"34D"ff"D325"74"89-"5:0K-027;,:5?FSW]P"KO0+:;(

Rates of completion of all three cycles of chemo- therapy after surgery were also similar in

the two groups (90% and 94% in the surgery and surgery-plus-HIPEC groups, respectively).

A total of 11 patients in the surgery group and 9 in the surgery-plus-HIPEC group had

recurrent disease but received no further therapy. We observed no significant differences

between the two groups in health-related quality-of-life outcomes over time.
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Table 2.2. Adverse events from randomization to 6 weeks after the end of treatment*

% Surgery (N=122) Surgery + HIPEC (N=118)

% \42"K03D*  c03D-"f?@0 \42"K03D- c03D-"f?@

% :6G2%&(5K(%EY%#.-(LMN
Infectionp% %@"0%%U  f'O#U #%"0%>U ="OAU
Abdominal pain =$"0OB=U ="OAU =%"OAS$U A"OBU
lleus @"0ofU #'O#U <"OsU B"O@U
1,23%% #>"O#fU #'O#U f<"OffY @"OfU
Thromboembolic event§% #'O#U #'0#U ="OAU @"OfU
Pulmonary event || >"0z=U %"0%U %%"0O<U f'Ofy
Dyspnea %f"0%%U $ >"02U f'OfU
Electrolyte disturbanceq% A"OBU %"0%U ="OAU f'Ofu
Gastrointestinal anastomotic leak f'O#U #'0#U f'OfuU f'OfuU
Nausea =$"OB=U f'"O#U =@"OAfU #'O#U
Fatigue f="Of$U $ @@"Cf=U #'O#U
Cardiac A"OBU #'0O#U >"0zU #'O#U
Neuropathy ff'O#=U %"0%U f="0Of%U %"0%U
Vomiting @="0f<U %"0%U f#"'O#=2U %"0%U
63)72, %% ="OAU A"OBU B"O@U %"0%U
13)/7'32, %% %"0%U %"0%U #'0O#U %"0%U
Post-operative hemorrhage @"ofu %"0%U #'O#U %"0%U
Hypotension %%"0O<U %"0%U %"0%U %"0%U
Sepsis #'O#U #'O#U %"0%U %"0%U
Constipation f#'O#AU %"0%U #"O%%U $
Alopecia %<"O%AU $ ##'0%<U $
Diarrhea %%"0O<U $ %A"0%@U $
8)()* %% %3$"0>U $ %@"0%#U $
Dizziness %B"0%#U $ <"O2U $
Gastroparesis #'O#U #'O#U %"0%U $
Intestinal perforation #'O#U #'0O#U '$ $"

* Shown are the adverse events of any grade that occurred in at least 10% of the patients in either trial group,
along with all grade 3 or 4 events that occurred in at least two patients. The data from five patients who did not
undergo cytoreductive surgery (one patient) or did not receive HIPEC as assigned (four patients) were not included
74"89-"343,2575"+."3DH-05-"-H-485

T In one patient, a grade 5 event occurred; the patient died after having a colonic perforation that resulted in
septic shock.

F Events of infection excluded pneumonia.

§ Thromboembolic events included venous thrombosis, pulmonary embolism, cerebrovascular event and
transient ischemic attack.

|| Pulmonary events included hypoxia and respiratory distress.
g"],-G80+,28-"D758:0134G-5"74G,:D-"92;+4380-/73&"92;-04BBBJ3 3L/ 3&"92;-0G3,G-/73&"92;+/3K4-5-/73"
34D"92;+;9+5;938-/73(
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Discussion

After standard treatment for ovarian cancer, the peritoneal surface is the primary

578-" +." D75-35-" 0-G:00-4G-(" WO-H7+:5" 8073,5" 8938" G+/;30-D" 57a" G2G,-5" +." 74803;-078+4-3
G9-/+89-03;2" ;,:5" 74803H-4+:5" G9-/+89-03;2" 6789" 74803H-4+:5" G9-/+89-03;2" 3,+4-"
after complete or optimal primary cytoreductive surgery showed that survival was 16

months longer after exposure to chemotherapy at the peritoneal surface than after
74803H-4+:5" G9-/+89-03;2" 3,+#(*% *Nevertheless, the uptake of postoperative
intravenous chemotherapy plus intraperitoneal chemotherapy in clinical practice is limited

by increased side effects, including catheter-related complications, and the inconvenience
+."3D/74758-074K"89-03;2"74803;-078+4t34289-"G:00-48"8073,&"6-"-H3,:38-D"FSW]P"35"3"
single administration of intraperitoneal chemotherapy during surgery to overcome the side

effects and inconvenience of serial adjuvant intraperitoneal chemotherapy and to improve

the distribution of heated chemotherapy in the abdominal cavity.

\,89+:K9"034D+/71-D"8073,5"5:;;+08"89-":5-"+." FSW]|P" 74" G+,+0-G83, "G PEa70&5"
evidence of a beneficial effect of HIPEC in primary ovarian cancer has been limited to single-
group trials and retrospective cohorts.”*® & one previous trial involving patients with
recurrent ovarian cancer who were randomly assigned to undergo cytoreductive surgery
either with or without HIPEC, a significant survival benefit was observed among the patients
69+"0-G-7H-D"FSWjR§wever, the randomization process was not clearly described, and
primary end points were not clearly defined. Our trial provides data from patients who
6-0-"034D+/,2"3557K4-D"8+":4D-0K+"5:0K-02"6789"FSW]P"+0"6789+:8"FSW]P".+0"89-";07/302
treatment of advanced ovarian cancer. Our findings indicate that the addition of HIPEC to
complete or optimal interval cytoreductive surgery resulted in longer median recurrence-
.0--"5:0H7H3,&" 12" f(B" /[+4895&" 34D" ,+4K-0"/-D734" +H-03,," 5:0H7H3,&" 12" %%(>" /+4895&" 8934'
surgery alone. The effect was consistent across the levels of pre-specified stratification
factors and other baseline characteristics. All the patients in our trial received neoadjuvant
chemotherapy. Postoperative care was similar in the two trial groups, with the exception
of the care that the patients received during the 1-day stay in the ICU after HIPEC that
was pre-specified in the protocol. The administration of HIPEC had little effect on safety,
and the incidence of postoperative complications, the incidence and type of grade 3 or
4 adverse events, and health-related quality-of-life outcomes did not differ significantly
between the surgery-plus-HIPEC group and the surgery group. The reinitiation of
intravenous chemotherapy after surgery was not delayed in either trial group, and no
effect of HIPEC on the number of cycles of chemotherapy administered was observed.
A single administration of intraperitoneal chemotherapy under hyperthermic conditions
differs from repeated postoperative administration of intra-peritoneal chemotherapy with
respect to pharmacokinetics and pharmacodynamics, which could explain the lower rate
of systemic side effects seen with a single administration of intraperitoneal chemotherapy
than with a postoperative intravenous or intraperitoneal chemotherapy regimen.”=

Additional trials are needed to determine the ways in which HIPEC differs from postoperative
intravenous or intraperitoneal chemotherapy and whether HIPEC is also effective after

primary cytoreductive surgery. The overall percentage of bowel resections performed was
similar in the two groups, but the percentage of patients who underwent a colostomy or an

31
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ileostomy after surgery was significantly higher in the surgery-plus-HIPEC group than in the

surgery group (72% vs. 43%, P = 0.04). Because there is no evidence that HIPEC for ovarian

cancer is associated with a higher rate of anastomotic leakage than the rate without HIPEC,

this difference in the rate of colostomy or ileostomy could reflect the surgeons’ preference.

Randomization in our trial took place at the time of surgery in cases in which complete or

optimal cytoreduction was anticipated. The institutional review board at each trial center 2
3;;,0+H-D"8975";,0+G-D:0-&"697G9"-45:0-D"-g:3,782"+.",0+K4+575"1-86--4"89-"8073,"KO

the actual time of the trial intervention, although for logistic reasons, randomization was
:-0.+0/-D"1-.+0-"89-"748-0H3,"5:0K-02"38"86+"+."89-"(G-48-05"+4"89-"13575"+."89-"0-5:,85"+."

a diagnostic laparoscopy that was performed to determine whether complete or optimal

surgery was feasible. When HIPEC is added to the surgical treatment, the duration of

surgery is extended by 2 hours and a perfusionist is needed. Additional standard costs are

incurred owing to the additional 2 hours of surgical time, the disposable products that
30-"4--D-D"8+"3D/74758-0"FSW]P&"89-":5-"+."89-"FSW]P"/3G974-&"34D"89-"%?D32"5832"74"89-'
ICU. Our trial involved patients with prognostically unfavorable stage Il ovarian cancer who

were ineligible for primary cytoreduction owing to extensive abdominal disease. As a result,
5:0H7H3,"74"89-"G+480+,"K0+:;"+."+:0"8073,"635"59+08-0"8934"8938"R4G+,+K2"c0+:;"OcRcUj%=#
trial, which included only patients who were eligible for primary cytoreduction.?"

The recurrence-free survival in our trial was also influenced by the definition of the primary

end point, which included elevation of the CA-125 level as determined on the basis of GCIG
G078-073("M9-4"89-";0+8+G+,"635"D-57K4-D&"/-35:0-/-48"+."89-"P\?%#B",-H-,"D:074K".+,,+67?
up was part of routine clinical practice. However, if the definition of the primary end point
93D"1--4"135-D"+4"G,747G3,"52/;8+/5"0389-0"8934" +4"/-35:0-/-48" +." 89-"P\?%#B" ,-H-,&"

the estimated rate of recurrence would have been lower and the absolute prolongation of
/-D734"0-G:00-4G-?.0--"5:0H7H3,"/7K98"93H-"1--4"KOQ8-%D734"+H-03,,"5:0H7H3,"635"

12 months longer among the patients who received HIPEC than among those who did not
0-G-7H-"FSW]P&"69-0-35"89-"/-D734"0-G:00-4G-?.0--"5:0H7H3,"635"f(B"/+4895",+4K-0"6789"
HIPEC than without HIPEC. However, the relative effects of HIPEC on recurrence-free survival

and on overall survival were remarkably similar, with hazard ratios of 0.66 for recurrence-

free survival and 0.67 for overall survival. The discrepancy between similar relative effects

in overall survival and recurrence-free survival and a larger absolute benefit in overall

survival than recurrence-free survival reflects the higher rate of disease recurrences than

deaths. This finding was also shown in the GOG-172 trial, in which the difference between
89-"8073,"KO+:;5" 74" 0-G:00-4G-?.0--"5:0H7H3," 34D" 74" +H-03,," 5:0H7H3," 635" B(B" /+4895" 34D'
15.9 months, respectively, both in favor of the intraperitoneal chemotherapy group. The

number of patients in the control group of the Gynecologic who received no therapy for
0-G:00-48"D75-35-"74"89-"5:0K-02"K0+:;"635"57/7,30"8+"8938"74"89-"5:0K-027?;,:5?FSW]P"KO0+:;"
and cannot explain the difference in absolute benefit between recurrence-free survival and
+H-03,,"5:0H7H3,(

S4"G+4G,.57+4&"+:0"0-5:,85"74D7G38-"8938"3/+4K"6+/-4"6789"3DH34G-D"+H30734"G34G-0&"FSW
plus complete or optimal interval cytoreductive surgery resulted in longer survival than
cytoreductive surgery alone.
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Supplementary files chapter 2

Methods
c24-G+,+K7G"P34G-0"S48-0c0+:;"OcPScU"G078-073".+0";0+K0-557+4"3GG+0D74K"8+

The primary endpoint was recurrence-free survival defined as the time from randomization 2
to disease recurrence or progression on the basis of the Response Evaluation Criteria in
'+,7D"Q:/+05"0C]PS'QU"G078-073"H-057+4"%(%&"3"075-"74"P\?%#B",-H-,"3GG+0D74K"
Cancer InterGroup criteria (GCIG), or death from any cause, whichever occurred first.”"

Evaluaton of progression according to CA-125, described by the GCIG

Progression or recurrence based on serum CA 125 levels will be defined on the basis of a
progressive serial elevation of serum CA 125 according to the following criteria:

r" Patients with elevated CA-125 pretreatment and normalization of CA-125 must show
evidence of CA-125 greater than, or equal to, 2 times the upper limit of the reference
034K-"+4"#"+GG357+45"38",-358"%"6--J"3;308"+0"

Patients with elevated CA-125 before treatment, which never normalizes, must show
evidence of CA-125 greater than, or equal to, 2 times the nadir value on 2 occasions at
,-358"%"6--J"3;308"+0

Patients with CA-125 in the reference range before treatment must show evidence of
CA-125 greater than, or equal to, 2 times the upper limit of the reference range on 2
+GG357+45"38",-358"%"6--J"3;308("

CA 125 progression will be assigned the date of the first measurement that meets the
criteria as noted. Patients are not evaluable by CA 125 if they have received mouse
antibodies (unless the assay used has been shown not to be influenced by human
antimouse antibody) or if there has been medical and/or surgical interference with
89-70";-078+4-:/"+0";,-:03"0-K&";303G-48-575U"D:074K"89-";0-H7+:5"#>"D325(

A patient may be declared to have recurrent disease on the basis of either the objective
CIPS'Q"%(%"G078-073"+0"89-"P\"%#B"G078-073("Q9-"D38-"+.";0+K0-557+4"67,,"1-"89-"D38-"+."
-30,7-0"+."89-"#"-H-485"7."1+89"30-"D+G:/-48-D(

Results

Study statstcs
Q9-"D383135-".+0"8975"343,2575"635"G,+5-D"+4"\;07,"B&"#$%=("Q9-"58:D2"935"1--4"G,+5-D"6 78
276 registered patients, of whom 245 were randomized. The first patient was randomized

on April 27, 2007 and the last patient on April 18, 2016.

The median follow-up of the sample was 4.7 years (respectively 4.8 years for CRS and 4.6
years for CRS+HIPEC). Patients were stratified by primary suboptimal cytoreductive surgery

(yes vs. no), institute and the number of abdominal cavity regions involved at the time of
748-0H3,"5:0K-02"0$?B"H-05:5"A?>U("
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>=0h(&H#$I5424$>'8#.1$)0'1$B & $8H @ (&&H+ @HABEHHS. (&T=T*0$)H&S.=1H#

Subgroup Surgery Surgery-plus-HIPEC Hazard Ratio (99% ClI)
no. of events/total no.
Institute*
1 14/15 12/14 —_— 0.51 (0.17-1.49)
2 45/52 46/53 —— 0.88 (0.51-1.51)
3 15/18 13/18 —_— 064 (0.24-1.73)
4 8/9 9/10 — 0.50 (0.12-2.04)
5 17/18 13/18 —— 0.64 (0.24-1.66)
6 10/10 6/8 T 0.52 (0.14-2.03)
0:1 1.0 10‘.0
Surgery-plus-HIPEC Surgery
better better
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>=0h(&H$I5454$>'&#.13)0'1$B'&$ TH#E*00$. (& 7=T*0S)H&S. = I
Subgroup Surgery Surgery-plus-HIPEC Hazard Ratio (99% Cl)
no. of events/total no.
Institute™
1 10/15 8/14 I —— 0.43 (0.11-1.64)
2 30/52 26/53 —— 0.76 (0.38-1.53)
3 13/18 10/18 T 0.62 (0.20-1.91)
4 719 7/10 —_— 0.49 (0.12-1.98)
5 9/18 7118 —_—r 0.63 (0.17-2.33)
6 6/10 3/8 0.55 (0.09-3.41)
0.1 1.0 10.0
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Central radiology assessment of the
randomized phase 3 open-label
OVHIPEC-T trial in ovarian cancer

'O ++,-&"d("[0:7L5&"P("N31075&"*("7J+05J3& " ("]4K 1-05-4&" (F("G93K-4"H34"d--:6-4&"
F(M(C("G90-:D-0&"C(F("F-0/345&" ("H34"D-0"X-,D-4&"F( (c("\085&"("H34"F3/&"W("X34"V/3/&" ("
X:2,58-J-&"N("d3932-&"c('("+4J-&"34D"M( ("H34"V07-,
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Abstract

Introduction F2;-089-0/7G" 74803;-078+4-3," G9-/+89-03;2" OFSW]PU" 7/;,0+H-D"
investigator-assessed recurrence-free survival and overall survival in patients with stage
SSS"+H30734"G34G-0"74"89-";935-"SSS"RXFSW]P?%"8073,("M-"343,2|-D"69-89-0"+;-4?,31-,"D-57
affected the results of the trial by central blinded assessment of recurrence-free survival

and tested if HIPEC specifically targets the peritoneal surface by analyzing the site of disease
0-G:00-4G-(

Methods OVHIPEC-1 was an open-label, multicenter, phase lll trial that randomized

245 patients after three cycles of neoadjuvant chemotherapy to interval cytoreduction

with or without HIPEC using cisplatin (100mg/m?). Patients received three additional cycles

of chemotherapy after surgery. Computed Tomography (CT)-scans and serum CA-125
/-35:0-/-485"6-0-";-0.+0/-D"D:074K" G9-/+89-03;2&"34D"D:074K" .+,,+67:;("Q6+"-a;-08"

radiologists reviewed all available CT-scans. They were blinded for treatment allocation and
G,747G3,"+:8G+/-("P-4803,"0-H757+4"74G,:D-D"C]PS'Q"%(%"/-35:0-/-485"34D";-078+4-3,"G34G-0"
74D-a" 5G+074K5" 38" 135-,74-&" D:074K" 80-38/-48&" 34D" D:074K" .+,,+6?:;(" Q7/-" 8+" G-4803,,2?
revised-recurrence was compared between study arms using Cox proportional-hazard

models. Subdistribution models compared time to peritoneal recurrence between arms,

accounting for competing risks.

Results CT-scans for central revision were available for 231 patients (94%) during

neo-adjuvant treatment and 212 patients (87%) during follow-up. Centrally-assessed
/-D734"0-G:00-4G-?.0--"5:0H7H3,"635"<(<"/+4895"74"89-"5:0K-02"K0+:;"34D"%f(#"/+4895"74"89-"
surgery+HIPEC group (hazard ratio for disease recurrence or death, 0.72; 95%-confidence

interval, 0.55-0.94; P=0.015). The improved recurrence-free survival and overall survival

associated with HIPEC were irrespective of response to neoadjuvant chemotherapy and

baseline peritoneal cancer index. Cumulative incidence of peritoneal recurrence was lower

after surgery+HIPEC, but there was no difference in extra-peritoneal recurrences.

Discussion Centrally assessed recurrence-free survival analysis confirms the benefit
of adding HIPEC to interval cytoreductive surgery in patients with stage Ill ovarian cancer,

6789",-55";-078+4-3," 0-G:00-4G-5(" Q9-5-"0-5:,85"0:,-" +:8"03D7+,+K7G3,"1735" G3:5-D" 12" 89-"
+;-4?,31-,"438:0-"+."89-"58:D2(

41

149405-koole_binnenwerk_20210221-def.indb 40 21/02/2021 19:29



<$%+E& ()&'-*,(,=7)'>>$>>:$%+),2)+9$)8 %-, *@$-)89'>$)3),83%A (' BS()CDEEFG<AD)+&* ()%%), ;' &%)/ %/$&

Introduction

RH30734"G34G-0"75"+4-"+."89-",-3D74K" G3:5-5" +." G34G-0"D-3895" 74" 6+/-4" 74" 89-"M-58-04"
6+0,D{ The majority of patients presents with advanced disease that has spread to the
peritoneal surface and beyond (International Federation of Gynaecological Oncology [FIGO]
stage IlI-IV disease). Standard treatment generally consists of complete cytoreductive
surgery followed by six cycles of chemotherapy with carboplatin and paclitaxel.>*"S4"G35-"+."
extensive disease precluding upfront complete cytoreductive surgery, treatment starts with
neoadjuvant chemotherapy followed by interval cytoreductive surgery and an additional
890--"G2G,-5" +." 3DL:H348" G9-/+89*03spite maximal treatment, around 70% of
patients with advanced ovarian cancer relapse within two years and ten year survival rates
93H-"4+8"7/;0+H-D"+H-0"89-";358"890--"D-G3D-5(

Q9-";-078+4-3,"5:0.3G-"75"89-";07/302"578-"+." D75-35-"0-G:00-4G-" 74" 89-"H358" /3L+0782" +."
patients with ovarian cancer. In vitro research showed that intraperitoneal delivery of
chemotherapy increases intracellular concentrations of cytostatic agents in the peritoneum

G+/;30-D" 8+" 74803H-4+:5" G9-/+89-03;Réndomized trials, systematic reviews and

real-life data showed recurrence-free and overall survival benefit after intraperitoneal

chemotherapy combined with intravenous chemotherapy (IP/IV) in patients with advanced
583K-"+H30734"G343@6ption of IP/IV chemotherapy in general practice was hampered

by a higher incidence of catheter related complications and logistical hurdles.'?" S4" 34"

attempt to reduce toxicity of intra-peritoneal chemotherapy, dose reductions from 100 mg/

[ #'8+"=B"/KTf and, using carboplatin instead of cisplatin have been evaluated without

success, despite the addition of bevacizumab.?

Hyperthermic intraperitoneal chemotherapy (HIPEC) is an alternative approach for
74803;-078+4-3," G9-/+89-03;2" D-,7H-02&" 74" 697G9" 9-38-D" G9-/+89-03;2" 75" 3D/74758-0-D"
into the abdominal cavity at the end of the cytoreductive procedure. OVHIPEC-1 was a

multicenter, open-label, randomized phase Ill trial that showed statistically significant and

clinically meaningful improvement in patient outcome with the addition of HIPEC to interval

cytoreductive surgery.** Primary endpoint of the trial was investigator assessed recurrence-

free survival, which may have been affected by the open-label design of the trial. Here, we
0-;+08"89-"0-5:,85"+."89-"1,74D-D" G-4803,,27355-55-D" 0-G:00-4G-?.0--"5:0H7H3,"343,2575" 34D"
exploratory subgroup analyses of HIPEC benefit based on radiological response to neo-

adjuvant chemotherapy and peritoneal cancer index scores. In addition, we analyzed the
578-"+."D75-35-"0-G:00-4G-"74"1+89"58:D2"30/5(

Methods

Patents and treatment

Q9-'58:D2"'D-57K4"34D",0+G-D:0-5"6-0-",:1,759-D";0-H7h:gha&ft, 245 patients with with
583K-"SSS"+H30734"G34G-0"69+"93D":4D-0K+4-"4-+3DL:H348"G9-/+89-03;2"6-0-"034D+/71-D"
(1:1) to receive interval cytoreductive surgery with or without HIPEC using cisplatin 100mg/

| *.These patients were not candidate for primary surgery due to the extent of disease, and

they had at least had stable disease after three cycles of neoadjuvant chemotherapy with

carboplatin (area under the curve [AUC] 5-6 mg) and paclitaxel 175 mg/m*. Randomization

was performed intra-operatively and was stratified by previous surgery (yes vs. no), the
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9+5;783,"74"697G9"89-"5:0K-02"635"1-74K";-0.+0/-D&"34D"89-"4:/1-0"+."74H+,H-D" 0-K7+45"

in the abdominal cavity (0-5 vs. 6-8). All patients received an additional three cycles of

carboplatin and paclitaxel after surgery. All patients provided written informed consent

before trial registration. In accordance with the journal’s guidelines, we will provide our
D383".+0"89-"0-;0+D:G717,782"+."8975"58:D2"74"+89-0"G-48-05"7."0-g:-58-D(

During follow-up, physical examinations and measurement of the serum cancer antigen
%#B"OP\?%#BU",-H-,"6-0-"0-;-38-D"-H-02"890--"/+4895".+0"86+"2-305&"34D"-H-02"57a"/+4895"
thereafter until at least five years after the completion of chemotherapy or until recurrence
+GG:00-D("P+/;:8-D"8+/+K03;92"0PQU?5G345"6-0-";-0.+0/-D"38"+4-&"57a& " "%#&"34D"#@"/+4895"
after the last cycle of chemotherapy.

Q9-";07/302"-4D;+748" +."89-"8073," 635" 0-G:00-4G-?.0--"5:0H7H3," 35" 355-55-D" 12" 89-" ,+G3,"
investigator based on the assessments as stated in the protocol and defined as the time

from randomization to first evidence of disease recurrence or death from any cause,

whichever came first. Disease recurrence was defined according to Response Evaluation
P078-073"74"+,7D"Q:/+05"OC]PS'QU&"H-057+4"%(%&"+0"135-D"+4"34"74G0-35-"74"89-"P\?%#B",-|
0-G+//-4D-D"12"89-"c24-G+,+K7G"P34G-0"S48-0c0+:;" OtFEAI-G+4D302"-4D;+748"

was overall survival, defined as time from randomization to death from any cause. Data on
0-G:00-4G-?.0--"5:0H7H3,"34D"+H-03,,"5:0H7H3,"6-0-"G-45+0-D"38"89-"D38-"+."89-",358"G+483G¢
for the patients who remained alive and had no evidence of disease. The data cutoff was
5-8"38""30G9"f%&" "#$%=(

Data collecton

M-" G+,,-G8-D" PQ?5G345" 38" D73K4+575&" D:074K" 4-+3DL:H348" G9-/+89-03;2&" 34D" D:074t
follow-up from all patients that were randomized in the OVHIPEC-1 trial. Scans were

anonymized and coded. Central revision was performed with cross-section verification by
86+"-a;-07-4G-D"K24-G+,+K7G"03D7+,+K7585"OPN&" dU("S4"G35-"+."+15-0H-0"D75G0-;34G 7-5&'
+15-0H-0"G+4G+0D34G-"635"0-3G9-D"135-D" +4"D75G:557+4(" [+89" 03D 7+,+K7585" 6-0-"1,74D-L
for treatment allocation and clinical outcome. Each radiologist recorded findings using a
5834D30D7I-D"5G+074K".+0/"8938"74G,:D-D"C]PS'Q" /-3580:HaiB5+4-3," G34G-0"74D-a"

16, extra-peritoneal disease locations, involvement of lymph nodes, presence of ascites, and
;0-5-4G-"+."+/-483,"74H+,H-/-48("d2/;9"4+D-5"6789"3"/747/:/"571-"+4"59+08?3a75" +." %3$"
//1&"34D":;"8+"B"830K-8",-57+45"6-0-"/-35:0-D"74"38",-358"+4-"D7/-457+4(
Q9-"NScR"5:1583K-"635"D-8-0/74-D"+4"89-"135-,74-"PQ?5G34"1-.+0-"89-"58308"+."4-+?3DL:H348"
G9-/+89-03;2("" Response during neo-adjuvant chemotherapy was defined according
8+"89-"cPSc"G078-073"34D"C]PS'Q"%(%&"35"635"D75-35-"0-G:00-4G-"B:BT@R"+,,+67:;("
recurrence date was set on the date of the first evidence of recurrence or progression, and

could be based on radiological evidence, CA-125 rise, clinical symptoms or other diagnostic
/-89+D5&"5:G9"35":,8035+:4D" +0";389+,+K2" &7, 8485(+/-" G35-5&" 89-"D38-"+."D75-35-"
0-G:00-4G-"635"135-D"+4"P\?%#B"+0"G,747G3,"52/;8+/5"6789+:8"89-"3H37,317,782"+."3"PQ?5G 3¢
678974"@"6--J5(

Statstcs
Baseline characteristics including FIGO substage, previous surgery, number of regions
affected at start of treatment, mean pre-operative peritoneal cancer index on CT-scan, and
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03D7+,+K7G3,"0-5;+45-"D:074K"4-+3DL:H348"80-38/-48"6-0-",758-D".+0"1+89"80-38/-48"30/5("
Median RFS based on central revision was calculated using Kaplan-Meier estimates and

compared using the log-rank test. Hazard ratios and the corresponding 95% confidence

intervals (Cl) were estimated with Cox proportional-hazards models. The primary site of

disease recurrence was scored as a categorical variable, and compared using competing-

risk subdistribution as proposed by Fine and Gray.*°

la;,+038+02"5:1K0+:;"343,25-5"+."G-4803,,2" 355-55-D" 0-G:00-4G-?.0--"5:0H7H3,"34D" +H-03, "
survival were performed for pre-operative peritoneal cancer index-scores and radiological

response during neoadjuvant chemotherapy. Hazard ratios and corresponding 99%

confidence intervals were estimated using Cox proportional-hazard models, with associated

p-values for interaction. Time-dependent Receiver Operating Curves (ROC) were calculated

for the peritoneal cancer index scores on the first and second CT-scan and for the decrease
+.";-078+4-3,"G34G-0"74D-a"5G+0-5"D:074K" 4-+3DL:H348" G9-/+&" 0-,38-D" 8+" +H-03,,"5:0H7H3,(
The cut-off values for peritoneal cancer indexes were based on the medians, because

of area under the curves under 0.60 for all three valuables (supplementary figure 1 and

supplementary table 1). All analyses were performed using International Business Machines

(IBM) Statistical Package for the Social Sciences (SPSS) version 25 and R software (version

f(B(SU(

Results

Atotal of 948 CT-scans were available for central review. All 245 patients had at least one CT-

scan available for central review (Figure 3.1). Two-hundred-thirty-one patients (94%) had

CT-scans available before and after neo-adjuvant chemotherapy. For 212 patients (87%) all
PQ?5G345"6-0-"3H37,31,-"D:074K"4-+?3DL:H348"G9-/+89-03;2"34D"D:074K".+,,+6?:;("Q9-"8+83,"
number of available CT-scans during follow-up slightly differed across treatment arms, as

early recurrences were more frequent in the absence of HIPEC (figure 3.1, supplementary

831,-"f(#1U(

On central review, six patients were upstaged to FIGO stage IV disease, based on suspected

lesions in liver and/or spleen (two patients) or enlarged paracardial lymph nodes (four

patients) (table 3.1). On central review, no patient had progressive disease during

neoadjuvant chemotherapy, 134 (55%) had stable disease, and 89 (36%) had a partial
0-5;+45-"0831,-"%U(")+"03D7+,+K7G3,"G+/;,-8-"0-5;+45-"635"+15-0H-D("Q9-"/-34";-078+4-3,"
cancer index score decreased from 17 (standard deviation [SD] 5.8) before chemotherapy

to 12 (SD 5.1) after two cycles of neoadjuvant chemotherapy (paired-sample t-test p-value:

<0.001). PCI at baseline and after two cycles were similar between the study arms due to

the randomization.
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Table 3.1. Baseline characteristics

&9" CRS + HIPEC
N=123 N=122

FIGO, Nr. (%)

""SSS\ % 1% $ 0%

""SSS] %# 10% %f 11%

""SSSP %$# 83% %S$# 84%

Sy @ 3% # 2%

"[75574K @ 3% B 4%

PCl score, mean (SD)

""PQ?5G34"38"135-,74- %=(# B(@ %=(# B(>

""PQ?5G34"D:074K")\PQ %(f B(% W (>B(#

""|-34"D-G0-35-"74"WPS 2@(>@($ ?B(= @(>

Radiological response during NACT according to

RECIST 1.1 (%)

"G+/;,-8-"0-5;+45- $ " $ "

" 30873,"0-5;+45- @3 33% @< 36%

""5831,-"D75-35- =% 58% AT 52%

"*:0+K0-557H-"D75-35- $ " $ "

"4)-35:031, - Yt 10% %S 8%

m1-G3:5-"+."TAG+/;,-8-",07/302"5:0K-02b >T%# @T%$

NACT, neo-adjuvant chemotherapy; PCl, peritoneal cancer index, SD; standard deviation
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Subgroup CRS CRS + HIPEC Hazard Ratio (99% Cl) P
value

no. of events/total no.

PCl baseline scan
0-16 50/57 39/52 —— 0.73 (0.42-1.27) 0.948
17-39 52/62 53/68 —— 0.59 (0.35-0.98)
PCI after 2 cycles of NACT
0-11 45/56 38/56 —e 0.75 (0.42-1.32) 0.461
12-39 57/63 51/60 —— 0.58 (0.35-0.96)
Response to NACT according to RECIST 1.1
PR 31/40 35/49 —— 0.86 (0.45-1.62) 0.536
SD 64/71 52/63 —_— 0.62 (0.38-1.00)
Pt —t——+H
0.2 _ 2.0
CRS + HIPEC CRS
better better
>=0p(8HSMPAS 0 X &} E 5 %0}5 (1E A %0}E 31EC *p P CRUDHSSH @ENBRHS. (BTS00 + § }(
Subgroup CRS CRS + HIPEC Hazard Ratio (99% Cl) va‘:;e

no. of events/total no.

PCl baseline scan
0-16 35/57 27/52 —— 0.68 (0.35-1.32) 0.966
17-39 39/62 33/68 —— 0.60 (0.32-1.10)
PCI after 2 cycles of NACT
0-11 27/56 28/56 ———&1—1 0.89 (0.44-1.78) 0.137
12-39 45/63 31/60 —e—1 0.58 (0.32-1.07)
Response to NACT according to RECIST 1.1
PR 22/40 22/49 ——— 0.71 (0.33-1.51) 0.438
SD 45/71 32/63 — 0.67 (0.37-1.21)
02 . ___20,
CRS + HIPEC CRS
better better

>=0h(&HSPHPAB 0 X &}E 5 %0}5 (JE A %O0}E S}EC *p P ETHHMOONBIEH)e (JE S§Z + 5 }{
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Discussion

The multicenter, open-label phase IIl OVHIPEC-1 trial showed that the addition of HIPEC
to interval cytoreductive surgery improves recurrence-free survival and overall survival
in patients with FIGO stage Il ovarian cancer by reducing the cumulative incidence
+.";-078+4-3," 0-G:00-4G45(he open-label design of the trial is potentially a source of
1735"74"89-"355-55/-48"+."0-G:00-4G-?.0--"5:0H7H3,"35"89-";,07/302"+:8G+/-"/-35:0-("Q975"
central blinded review of all imaging studies performed confirmed the earlier reported
investigator-assessed recurrence-free survival benefit. The benefit of HIPEC based on
central assessment (HR=0.72) was largely similar as the previously reported investigator-
assessed primary endpoint of the study (HR 0.66), highlighting that the open-label design
did not affect the assessment of recurrence-free survival.

The OVHIPEC-1 trial randomized patients during surgery once a (near-)complete

cytoreduction was anticipated. This randomization process was approved by the hospitals’

ethics boards and ensured equal distribution of baseline characteristics at surgery.

Nevertheless, random imbalances may exist despite randomization and we previously

showed that these imbalances in well-known prognostic factors in ovarian cancer were

small and insignificant.!* 222" Q9-5-" .3G8+05" 74G,:D-D" 3K-&" 9758+,+K7G" 5:182;-&" 34D" ;07+0"
surgery. In the present analyses, we provide further detail regarding findings at baseline

imaging in both study arms. The majority of patients was diagnosed with FIGO stage IIIC
+H30734"G34G-0("P-4803,"0-H757+4"635"5:5;-G8".+0"583K-"SX"D75-35-"38"135-,74-"PQ?5G34"7
patients (2%), essentially balanced across the study arms. As HIPEC is intended to provide

high exposure to chemotherapy in tumor cells at the peritoneal surface, a meaningful effect

in stage IV patients who have extra-peritoneal disease is not expected. Thus, the inclusion

of stage IV patients may have slightly diluted the true effect of HIPEC in stage IIl patients,

although this effect will have been very small given the very small number of stage IV

patients.

Q9-";-078+4-3,"G34G-0"74D-a"635"5G+0-D"+4"PQ?5G34" 38" 135-,74-&"34D" D:074K" 4-+3DL:H34:
G9-/+89-03;2("\5"-a;-G8-D&"/-34";-078+4-3,"G34G-0"74D-a"D-G0-35-D"D:074K"4-+3DL:H348"
G9-/+89-03;2&".0+/"3"/-34" +."%="8+"3"/-34" +."%#&" 74" 1+89" 30/5("C3D7+,+K7G3,"0-5;+45-"
8+"4-+3DL:H348"G9-/+89-03;2"3GG+0D74K"8+"C]|PS'Q"%(%"635"3,5+"57/7,30"74"1+89"80-38/-48'
arms. In agreement with the eligibility criteria, no patient had evidence of disease

progression during neo-adjuvant treatment. The effect of HIPEC was consistent across the
,-H-,5"+."-a;,+038+02"5:1K0+:;5&"74G,.D74K",+6"34D"97K9"135-,74-";-078+4-3,"G34G-0"74D-a"34D"
response to neo-adjuvant treatment. Although only patients with (near-)complete interval

cytoreductive surgery were included in the OVHIPEC study, the radiological peritoneal

cancer index at baseline ranged from 0-33 and from 0-31 after two cycles of neo-adjuvant

chemotherapy. This observation indicates the variety of involvement of peritoneal disease.

Complete cytoreduction remains the aim of surgery, and the additive value of HIPEC does

4+8"0-,2"+4" ;-078+4-3," D75-35-" ,+3D" :;.0+48&" 1:8";0-5:/31,2" /7TG0+5G+;7G3,,2" 0-/37474K"
disease at the end. The effect of HIPEC was also consistent across the levels of pre-defined

5:1K0+:;;5&" 74G,:D74K" ;0-H7+:5" 74G+/;,-8-";,07/302" 5:0K-02" O2-5" H5(" 4+U&" 89-" 9+5,783," 74"
697G9"89-"5:0K-02"635";-0.+0/-D&"34D"89-"4:/1-0"+." 74H+,H-D"0-K7+45"74"89-"31D+/743,"
G3H782"0$?B"HB("A?>U(
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This central review has some limitations. First, CT scans were planned at one, six, 12 and 24

months after the last cycle of chemotherapy or in case of a CA-125 rise or clinical symptoms.

In clinical practice and according to national guidelines, screening for disease recurrences

is not usually performed but triggered by symptoms. As a result, early, asymptomatic
0-G:00-4G-5"93H-"1--4"D-8-G8-D" 0-D:G74K" 89-" +15-0H-D" 0-G:00-4G-?.0--" ;-07+D" 74" 1+89"
arms. Second, the OVHIPEC-1 trial randomized patients after three cycles of neo-adjuvant
chemotherapy, more than three months after the initial diagnosis. These three months
59+:,D"1-"83J-4"748+"3GG+:48"69-4" G+/;3074K" 89-"/-D734" 0-G:00-4G-?.0--"34D" +H-03,,"
survival estimates to those in other trials that randomized patients with stage Ill ovarian
G34G-0"1-.+0-"89-"58308"+."80-38/@870D&"89-"4:/1-0"+."PQ?5G345"D:074K" .+,,+67?:;"6
5,7K98,2",+6-0"74"89-"5:0K-02"K0+:;"8934"74"89-"5:0K-02";,:5"FSW]P"K0+:;("Q9-",+6-0"

of CT-scans in the surgery group is often caused by early recurrences occurring after surgery

without HIPEC, and only in few cases due to protocol violations.

Our analysis supports a targeted effect of HIPEC at the peritoneal surface as fewer peritoneal
recurrences occur after HIPEC (Gray’s test p-value 0.046), while the number of extra-
peritoneal recurrences is similar with and without HIPEC (Gray’s test p-value 0.45). These
findings are in line with a case-control study that also showed fewer peritoneal recurrences
after HIPEC.? HIPEC is thus a particular effective approach to target microscopic residual
peritoneal disease as the penetration of systemic chemotherapy in tumor cells at the
;-078+4-3,"5:0.3G-"75"; #+0(

In conclusion, the benefit of HIPEC was confirmed in a central blinded assessment of the
OVHIPEC-1 trial’s imaging results. This effect is independent of the response to systemic
chemotherapy and extent of initial peritoneal involvement. HIPEC targets ovarian cancer
cells at the peritoneal surface and specifically prevents peritoneal central recurrences
when added to complete or near-complete interval cytoreductive surgery.

50

149405-koole_binnenwerk_20210221-def.indb 51 21/02/2021 19:29



rO$%*+.

Acknowledgements

J. van Griethuysen, the Netherlands Cancer Institute Amsterdam;

H. Smit, the Netherlands Cancer Institute Amsterdam;
F("W7L;-0&"_47H-05782""-D7G3,"P-48-0"c0+474K-4e
c("[+J/3?[0+45&"_47H-05782""-D7G3,"P-48-0"c0+474K-4e
V("H34"d++5D0-K8&"P389-0743"F+5;783,"|74D9+H-4e
F("H34"[-0J:/?*:7;-05&"P389-0743"F+5,783,"]74D9+H-4e
'("G98-4&"P389-0743"F+5;783,"]74D9+H-4e
N("*+58-0/34("\/58-0D3/"_47H-05782""-D7G3,"G-48-0e
\("D-"+4K&"C3D1+:D" _47H-05782""-D7G3,"G-48-0")7L/-K-4e
*("6308&"748"\48+47:5"F+5;783,")7-:6-K-74e
V("P0355+4&"P,7479:-"7""38-0478-""3748-7],7531-89&")3/:0&"[-,K7:/e
1("11-0934D8&" 47H-05782"F+5;783,"\486-0;&"\486-0;&"[-,K7:/e
S(F("D-"F74K9&"P389-0743"F+5;783,"]74D9+H-4e
X(("X-0633,&"\309:5"_47H-05782"F+5;783,&"\309:5&"V-4/30Je
*(*("X34"D-"X7LH-0&"_47H-05782"F+5;783,"c9-48&"c9-48&"[-,K7:/
A.G. Aalbers, the Netherlands Cancer Institute Amsterdam;

The Dutch OVHIPEC group (in alphabetical order): L. Aronson, H.J.G Arts, |. Boere, G.J.
PO--/-05&"M("("H34"V07-,&"*()("c330-4580++/&"("H34" c-48&"("H34"F3/&"[("F-,,-10-J-05&"
C("F-0/345&"S("D-"F74K9&™ () ("*++,-&" (C("*0+-;&"P(V('D-"*0++4&"C("d3,7534K&" ("d3/10-G985&"W
Ottevanger, N. Reesink, V. Retel, A.K.L. Reyners, E.M. Roes, HW.R. Schreuder, G.S. Sonke,

R.M. van Stein, A. Thijs, A. Westermann, P.O. Witteveen, A. Wymenga, R. Yigit

Funding
This study was performed without additional funding.

52

149405-koole_binnenwerk_20210221-def.indb 52 21/02/2021 19:29



<$%+E& ()&'-*,(,=7)'>>$>>:$%+),2)+9$)8 %-, *@$-)89'>$)3),83%A (' BS()CDEEFG<AD)+&* ()%%), ;' &%)/ %/$&

References

%( Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global cancer statistics
2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in
%>B"G+:4807TBH$%&()(1*+##$%>eA>OAULI<@?@#@(

#(' Bristow RE, Tomacruz RS, Armstrong DK, Trimble EL, Montz FJ. Survival effect of
maximal cytoreductive surgery for advanced ovarian carcinoma during the platinum
-03b"3"/-837343, 25J6B{+#(1#35#$S#e#SOBUb%#@>?B<(

f(" ChangSJ, Hodeib M, Chang J, Bristow RE. Survival impact of complete cytoreduction to
4+"K0+55"0-57D:3,"D75-35-".+0"3DH34G-D?583K-"+H30734"G34G-033#988594 3,2
1#$5*¢3%fe%fSOfUb@<f?>(

@( X-0K+8-"S&"D:"[+75"\&"V348"N&"F-78I"N&"d-:4-4"*&"F308-0"W(")-+3DL:H348"G9-/+
74" 3DH34G-D" +H30734" G34G-0b" R4" 6938" D+" 6-" 3K0--" 34 R4St #55*
#$%fe%#>0%UbA?%%(

B( MO7K98"\&" [+9,J-" *&"\0/580+4K" V*&" [++J/34" N&" P,712" M\&" P+,-/34" Cd&" -8" 3,("
)-+3DL:H348" G9-/+89-03;2".+0"4-6,2" D73K4+5-D&" 3DH34G-D" +H30734" G34G-0b" '+G7-82"
of Gynecologic Oncology and American Society of Clinical Oncology Clinical Practice
C:7D-,74-(34#%35*(1#$55%Ae % @fO%Ubf?%B(

Al F-7481"\W&"RD7G74+" N&""375+44-:H-"W&" Y:744" N\&" [-4-D-8" "d&" P0-35/34" MQ&" -8" 3,("
P30G74+/3" +." 89-" +H302(" NScR" #A89"\44:3," 0-;+08" +4" 89-" 0-5:,85" +." 80-38/-48" 74"
K24-G+,+K7G3,"GI8BAN34# "% $5*(12-#BKAe<B™:;;,"%b' %A% ?<#(

=(" Q7//-0/345" "&" '+4J3-" c'&" X34" D-" X7LH-0" **&" H34" D-0"\3" M&" *0:7863K-4" C(" )+"
improvement in long-term survival for epithelial ovarian cancer patients: a population-
135-D"58:D2"1-86--4"%<><"34D"#$%@"74"89-")-89=-BRHDNHS V&S Yo=e>>bf% ?=(

>(" Dedrick RL, Myers CE, Bungay PM, DeVita VT, Jr. Pharmacokinetic rationale for
peritoneal drug administration in the treatment of ovarian cancer. !"#3$%&(A&%".(0%B
%<=>eA#0%Ub%?%%(

<(" \0/580+4K"V*&"[:4D2"[&"M-4l-,"d&"F:34K"FY &"[3-0K-4"C&"d-,-"'&"-8"3,("S4803;-078+4-3,"
cisplatin and paclitaxel in ovarian cancer. :(=#>*()(?% @$$AefB@0%Ubf@? @f(

%%$(Jaaback K, Johnson N, Lawrie TA. Intraperitoneal chemotherapy for the initial
/343K-/-48" +." ;07/302" -;789-,73," +H30734" G34GHX&"#%( C"."2"-%( D4-.( O%E
#$%A0%UbPD$$Bf@$(

%%Q-6307"V&"3H3""&"3,347"C&"\0/580+4K"V*&"30J/34"&"F-0l+K"Q&"-8"3,("d+4K?8-0/"5:0H7H3,"
advantage and prognostic factors associated with intraperitoneal chemotherapy
80-38/-48"74"3DH34G-D"+H30734"G34G-0b"3"K24-G+,+K7G"+4G+ KK2HD#$558: D2("
#$%BeffO%fUb%@AS?A(

%#(MO7K98"\&" PO+474"\&""7,4-"V]&" [++J/34" M&"[:0K-0" C\&" P+94" V]&"-8" 3,(" _5-"34D"
effectiveness of intraperitoneal chemotherapy for treatment of ovarian cancer.()(*+#(
1#$5*#$%BeffO#AUb#>@%?=(

%f( M3,J-0"d&"[03D2""N&"M-4I-,"d&"N,-/74K"cN&"F:34K"FY &"V7'7,H-580+"W\&"-8"3,("C34D+/71-D"
8073,"+."74803H-4+:5"H-05:5"74803;-078+4-3,"G9-/+89-03;2";,:5"1-H3G7I:/31"74"3DH34G-D"
+H30734"G30G74+/3b"34")Cc"RAG+,+K2Tc24-G+,+K7G"R4G+,+KI(LOH(1B8HB2("
#$%<ef=0%AUbY%>$?%f<P(

%@KH34"V07-,"M &"*++,-")&"7J+05J3"*&"G93K-4"H34"d--:6-4" F&" G90-:D-0"FMC&"F-0/345"
CF"&"-8"3,("F2;-089-0/7G"74803;-078+4-3," G9-/+89-03;2" 74" +H3073¢~&34®-0("

2% @#$%>ef=>0fUb#f$?@$(

53

149405-koole_binnenwerk_20210221-def.indb 53 21/02/2021 19:29



rO$%*+.

%B(Rustin GJ, Vergote |, Eisenhauer E, Pujade-Lauraine E, Quinn M, Thigpen T, et al.
Definitions for response and progression in ovarian cancer clinical trials incorporating
CIPS'Q"%(%"34D" P\"%#B" 3K0--D" 12" 89-"c24-G+,+K7G3,"P34G-0" S48-8KOX:;" OcPScU(
34#%$5*(I"#$%&Y0YoeH Y OH#Ub @ Yo< 2#(

%A(3Gg:-8"W&":K3013J-0"WF("P,747G3,"0-5-30G9"/-89+D+,+K7-5"74"D73K4+575"34D"583K74K"
patients with peritoneal carcinomatosis. I"#$%&(A&%".(Bd<<Ae>#bfB<?=@(

%=(k-;;-047GJ"N&"N-749+,D?F--0,-74"S("Q9-"4-6"NScR"583K74K"5258-/".+0"+H30734&".3,,+;734"
8:1-&"34D";07/302";-078+4-3,"G34HQ(34#%$5*(12-. #b¢0 @ e#<$OBUb>f<?@#(

%3(]75-493:-0" \&" Q9-0355-" W&" [+K3-085""&"'G96308I" dF&" '30K-48" V&" N+0D" C&"-8" 3,(")-6"
response evaluation criteria in solid tumours: revised RECIST guideline (version 1.1).
=6&()(I"#$%iES<e @BO#Ub##>?@=(

%<{(Fine JP, Gray RJ. A Proportional hazards model for the subdistribution of a competing
075)("'G(D.".('--5% "%<<<e<@O@@AUb@<A?B$<(

#B( *++,-"N&"H34"VO7-," M &" '+4J-"c'(" F2;-089-0/7G" 74803;-078+4-3," G9-/+89-03;2" .+0"
+H30734"G34G-0b"89-"9-38"#5%&f$%0<e%#B":;;,"#@b@B>="<f(

#%(Fotopoulou C, Sehouli J, Mahner S, Harter P, Van Nieuwenhuysen E, Gonzalez-Martin
A, et al. HIPEC: HOPE or HYPE in the fight against advanced ovarian cancer? '‘##(1#3$5*'
#$%>e#<0>Ub%A%S$?f(

##( X-0K+8-" S&" F308-0" W&" PO97H3" d(" F2;-089-0/7G" 74803;-078+4-3," G9-/+89-03;2" D+-5" 4+8"
7/;,0+H-"5:0H7H3,"74"3DH34G-D"+H307 34HGBEFEO0<e%#B™:;;,"#@b@B<@?=(

#f(" Ceresoli M, Verrengia A, Montori G, Busci L, Coccolini F, Ansaloni L, et al. Effect of
cytoreductive surgery and hyperthermic intraperitoneal chemotherapy on relapse
pattern in primary epithelial ovarian cancer: a propensity score based case-control
58:D2}j(34#%3$5*(1#$8$%>e#<OfUb-Bf(

#@(3Gg:-8"W&":K3013J-0"WF("W-078+4-3,?;,35/3" 1380 08& %" . (W€ Ae>#bBf?Af(

54

149405-koole_binnenwerk_20210221-def.indb 54 21/02/2021 19:29



"HEY& )&+, (-.) IH1I0#5%), 1)%624)& S+, 0+ 3#4)42'1#)5), A#$6( TH#()89:;<="6>)%&+ ()+$), ?&+'$) @'$@#&

AVQQMFEFNFOUBSZ GJN

I"HH$%6896'()*+(),$%- ./01- 2)$"%3- 45- )*0b)- "6%6*- (7%- 8"*2%- O:;- )')$+3<3- 54*- =;>- 384*%- 4'-

42%%)$$-3"+2<2)$

Test variable "#3$%&'($) AUC year 2 AUC year 3
PCl at baseline ?21@. ?/AB ?/AB
PCI after two cycles of NACT ?l@C ?21@@ ?/@B
"##3$%8& %' ()*+-(),$%-./D)1-)2)<$),<$<(+-45-;EF 38)'3-#%*-)*&
Suppl table 2a:$ #*+ CRS+HIPEC Total
Availability of CT-scans per arm
(N=123) (N=122) (N=245)
CT-scans at diagnosis iid ~669¢ i1l ~0069+ 1i0 ~0069
CT-scans after 2 cycles of NACT: ii6 ~60069¢ ii0 ~009° 1A ~009
F WY vse AJSZ }3Z ¢ ve (}@EHO ~pdBPB+EiGhH ~689« 1ii ~569
CT-scans after surgery DD? D@A AGA
Total 458 489 947

I"HH$Y6896'()*+-(), $%-./D, 1-" &, %*-45-;EF 38)'3-<'-5ASSAHF"#1-#%*-)*&

Suppl table 3.2b: $ #*+ CRS+HIPEC Total
Nr. of scans in FU per arm
(N=123) (N=122) (N=245)
Patients with 5 CT-scans after surgery ? i ~Di9e i ~Di9e
Patients with 4 CT-scans after surgery i ~Di9e 0 ~fi9e 6 ~79e
Patients with 3 CT-scans after surgery il ~69- i6 ~109- 71T ~iT9e
Patients with 2 CT-scans after surgery 60 ~0719e 060 ~07T9e ifi ~0T9
Patients with 1 CT-scans after surgery :
F  6"%-(4-%)*$+-#*4J*%33<4'"-4*-6%)(7 io0 ~ii9e 6 ~09- i ~89-
F 0-;E-38)'1-$43(-(4-KL ? i ~Di9e i ~Di9e
F  0-;EF38)'1-4(7%*-&<33<'J-M'4(-*%8%<2%i6N ~ 10 9« 6 ~09- TA ~119-
'A(-#%*54*&%60
Patients with 0 CT-scans after surgery:
F  6"%-(4-%)*$+-#*4J*%33<4'-4*-6%)(7 i ~Di9e i ~Di9e i ~Di9e
F i dre veW % Y v8 E i & i vDJ®&h i ~Di9e i ~Di9e
F  ?-;EF38)'31-&<33<'J-M'4(-*%8%<2%6N'4(-T ~T9 I ~79- i ~79e
#%*54*&%60
Patients with all available CT-scans after iiT ~6f19e {16 ~6069 1i1 ~0069

surgery, up to event
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0,--48302"831,-"f(f . Location of extra-peritoneal disease

&9"% CRS + HIPEC%

N=45 N=39
Enlarged lymph nodes #< 64% #@ 62%
Parenchymal metastasis (liver or spleen) > 18% < 23%
Lymph nodes + parenchymal metastasis f 7% # 5%
Abdominal wall f 7% f 8%
Pleural effusion # 4% $
#*,23 $ % 3%
5H
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Abstract

Background V-G0-35-" 74" 5J-,-83," ['5G,-" 74D-a" O”SU" D:074K" 4-+?3DL:H348"
chemotherapy has been associated with worse outcome in patients with advanced ovarian
cancer. To validate these findings, we tested if a decrease in SMI was a prognostic factor

for a homogenous cohort of patients who received neoadjuvant chemotherapy in the
034D+/71-D";935-"f"RXFSW]P?8073,(

Methods CT-scans were performed at baseline and after two cycles of neo-

adjuvant chemotherapy in stage Ill ovarian cancer patients. The SMI (skeletal muscle area
74"GI"D7H7D-D"12"1+D2"5:0.3G-"3093W24 ¢alculated using SliceOMatic software. The

difference in SMI between both CT-scans (ASMI) was calculated. Cox-regression analyses

were performed to analyze the independent effect of a difference in SMI (ASMI) on
+:8G+/-("d+K?034J"8-585"6-0-";-0.+0/-D"8+";,+8"0-G:00-4G-?.0--"OCN'U"34D"+H-03,,"5:0H7H3,"
(OS). The mean number of adverse events per patient were compared between groups
:574K"8?8-585(

Results ( Paired CT-scans were available for 212 out of 245 patients (87%).%997082?
four of 74 patients (58%) in the group with a decrease in ASMI and 73 of 138 of the patients
(53%) in the group with stable/increase in ASMI had died. Median RFS and OS did not
differ significantly (p=0.297 and p=0.764) between groups. Patients with a decrease in SMI
experienced more pre-operative adverse events, and more grade 3-4 adverse events.

Conclusion( V-G0-35-D"'"S"D:074K" 4-+?3DL:H348" G9-/+89-03;2" 635" 4+8" 355+G738-D"
with worse outcome in patients with stage Ill ovarian cancer included in the OVHIPEC-trial.
However, a strong association between decreasing SMI and adverse events was found.

H1
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1R LQtXHQFH RI VDUFRSHQLD RQ VXUYLYDO RI RYDULDQ FDQFHU SDWLHQV

Introduction
1;789-,73,"+H30734"G34G-0"59+65"89-"97K9-58"/+083,782"038-"+."3,,"K243-G+,+K7G"G34G-05"74"
6-58-04"6+0,D(The majority of patients is diagnosed with advanced stage disease, (FIGO
>|11).2 For advanced stage patients, 10-year survival is only 10-15%, and survival has not
71;,0+H-D"+H-0"89-";358"#%$"2-30&ndard treatment consists of maximum cytoreductive
surgery (CRS) combined with chemotherapy consisting of carboplatin and paclitaxel.
If complete primary CRS is not feasible, interval CRS might be performed after three
G2G,-5"+."4-+?3DL:H348" G9-/+898932hieving a complete cytoreduction is the most
important prognostic factor, in addition to the ability to complete six cycles of carboplatin
and paclitaxel and the clinical condition of the patient.”® The clinical condition is reflected
by multiple factors and besides subjective scores, such as the World Health Organization
(WHO) performance score, we lack an objective measure of patient fitness. Sarcopenia
might be such a measure, and might be predictive for treatment completion and outcome
in patients with advanced stage ovarian cancer.

'30G+;-473"75"89-",+55"+.&"+0",+6&"5J-,-83,"/:5G Fl{@Skdletal muscle mass of patients

with cancer can be accurately quantified using a single lumbar CT image by the so-called
5J-,-83,"/:5G,-"74D-a" O""SU+55"+."5J-,-83,"/:5G,-"/355"75"355+G738-D"6789"97K9-0"038-5"
of chemotoxicity and impaired overall survival (OS) in ovarian cancer patients.!**3"S4" 34"

analysis of a retrospective cohort of 123 patients published by Rutten et al., loss of skeletal
/:5G,-"/355"D:074K"4-+3DL:H348"G9-/+89-03;2"635"59+64"8+"1-"355+G738-D"6789"6+05-"
outcome. However, multivariable analyses taking into account completeness of surgery,
0-5;+45-"8+"G9-/+89-03;2&"34D"8+a7G782"6-0-"4+8";-0%08®K:K9";0-H7+:5"58:D7-5"
reported worse outcome in patients with ovarian cancer and either a low baseline SMl or a

decrease in SMI during treatment, it is uncertain whether SMl is an independent prognostic
.3G8+0"+0"3"/-35:0-"+."-a8-457H-"D75-35-"34D"80-38/-48"1:0D-4"34D";++0";-04:6/34G-(

The aim of this study was to validate earlier results by Rutten et al. in the most homogenous

cohort of ovarian cancer patients reported to date. We analyzed whether a decrease in
'"S"D:074K"4-+3DL:H348"G9-/+89-03;2"635"355+G738-D"6789" 6+05-"+:8G+/-" 74" 3" G+9+08"
of patients with similar extent of disease; stage Ill epithelial ovarian cancer, and similar
;-0.+0/34G-"5G+0-5(

Methods

Patents and treatment

For this study, CT-scans were collected from patients included in the OVHIPEC trial.t™"Q975"
multicenter randomized phase Il trial included 245 newly-diagnosed patients with stage
SSS"-;789-,73,"+H30734&" .3,,+;734"8:1-&" +0" ;-078+4-3," G34G-0" 1-86--4"\;07," #$$="34D"\;07,"
#B%A("N:,,"-, 7K717,782"G078-073"30-";0-5-48-D" -AB-68t@(ts received three cycles

of intravenous chemotherapy (carboplatin [area under the curve 5-6 mg/ml per minute]
34D";3G,783a-," h%=B/M)Tprior to interval cytoreductive surgery, because of extent of
disease, or because of incomplete primary CRS (residual tumor > 1cm in diameter). Patients
were eligible for inclusion in case of at least stable disease after two cycles of neoadjuvant
chemotherapy. Randomization was performed during interval cytoreductive surgery when
complete or optimal (no visible, or <1cm visible tumor remaining) CRS was anticipated.
Patients were randomized to receive either interval CRS with or without HIPEC using

HO
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cisplatin 100mg/m?®. An additional three cycles of adjuvant intravenous carboplatin were
administered after CRS for all patients. CT-scans were performed at diagnosis: before start
of neoadjuvant chemotherapy, after 2 cycles of neoadjuvant chemotherapy, at the end of
adjuvant chemotherapy, and at 6, 12, and 24 months after the last cycle of chemotherapy.
Grade 1-5 toxicity was scored from baseline to 30 days after end of therapy, using the
National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE)
version 4.0. All patients provided informed consent for participation. The trial protocol was
approved by the institutional review board of the Netherlands Cancer Institute. The trial
was registered in the international database: ClinicalTrials.gov Identifier: NCT00426257.

Body compositon analysis

To analyze whether pre-operative sarcopenia and/or a skeletal muscle depletion

were associated with worse outcome, CT-scans performed at baseline (timepoint

1) and after 2 cycles of neo-adjuvant chemotherapy (timepoint 2) were selected.

The axial slide at the third lumbar level (L3), with the best representation of the
17,38-03," 80345H-05-" ;0+G-55" 635" 5-,-G8-D" .0+/" -3G9" ;+083," H-4+:5" ;935-" PQ?5G34(
The axial CT-scan at the L3 level was used for evaluation of total skeletal muscle (SM).
Predefined and previously validated cut-offs of -29 to +150 Hounsfield Units (HU)®".+0"""

were used to demarcate tissue using SliceOmatic software (v5.0, Tomovision, Montreal,

Canada). Evaluation of the demarcations was performed by one of two observers (JU & JB),

both blinded for clinical characteristics, outcome and allocated treatment arm. An example

of how tissues were delineated with SliceOmatic is shown in figure 4.1. The Skeletal Muscle
S4D-a"0'"\SU"635"G3,G:,38-D":574K"89-"5:0.3G-"30-3"# AWy theGtature of the patient
05g:30-D"9-7K98U*74,/'D383"6-0-"G+D-D"34D";0+G-55-D"34+42/+:5,2(

Changes in SMI from timepoint 1 to timepoint 2 were expressed as a percentage. To account

for variations in time between the sequential CT-scans, the change in SMI was calculated
35"3";-0G-483K-"+."G934K-";-0"%$$"D325("S4"+0D-0"8+"D+"5+&"89-"G934K-"74"""S"1-86--4"89-"
scan at timepoint 1 and timepoint 2 was divided by the number of days between the scans,

and subsequently multiplied by 100. This is referred to as ASMI. A measurement error of

2% was adopted based on previously reported accuracy of CT for muscle and fat tissue

343,257 patients with a decrease of >2% of SMI in 100 days were defined as the SMI-loss

group. The 2% cutoff was also used by Rutten et al.’® Other patients were defined as SMI-
5831,-"+0"74G0-353(

R4,2"PQ?5G345"8938"6-0-";-0.+0/-D":;"8+"%%$"6--J5" 1-.+0-"58308" +." G9-/+89-03;2&":;" 8+"
interval CRS surgery were selected. Scans at timepoint 1 had to be performed ten weeks to

1 day before start of neo-adjuvant chemotherapy. Scans at timepoint 2 had to be performed

more than three weeks after start of neo-adjuvant chemotherapy but before interval CRS.

Statstcal analyses
P+/;3075+45"1-86--4"89-"'""S?,+55"34D"'"S?5831,-T74G0-35-"K0+:;"6-0-";-0.+0/-D"6789"

the t-test for continuous variables and the Pearson’s chi-square test for categorical variables.

Pre-operative toxicity was scored before start of chemotherapy, during neoadjuvant
G9-/+89-03;2&"+0"1-86--4"4-+3DL:H348" G9-/+89-03;2"34D"5:0K-02("Q+a7G782"635"D7H7D-D"
into CTCAE grade 1-2 or grade 3-5 toxicity. The mean number of events per patient were

;0-5-48-D" 34D" G+/;30-D" 1-86--4" KO+:;5" :574K" 3" 8?8-58" .+0" 74D-;-4D-48" 53/;,-5(" Q9-"

H2
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Welch t-test was used to compare the total number of pre-operative adverse events.
Survival was compared for sarcopenic patients at timepoint 1 and timepoint 2, and for
89-"'"S?,+55" KO+:;" 34D" 89-"'"S?5831,-" +0" 74G0-35-" KO+:;(" \43,25-5" +." +H-03,," 5:0H7H3,"
(OS) and recurrence-free survival (RFS) were performed using Kaplan-Meier estimates

and log-rank tests. RFS was defined as the time from randomization to first-recurrence

or death, whichever occurred first, as was defined by the GCIG criteria.’®" 47H30731,-"

and multivariable cox regression analyses was performed for analyzing the effect of the

different treatment arms on outcome, with ASMI and treatment arm (HIPEC or no HIPEC) as
355+G738-D"H30731,-5(":1K0+:;"343,25-5"6-0-";-0.+0/-D".+0"748-0H3,"PC"'34D"748-0H3,"PC"t"
HIPEC groups for OS and RFS. Statistical significance for all comparisons was determined at
p<0.05. All analyses were performed with the statistical software package SPSS v.25.0 (IBM
P+0;&"P97G3K+&"Sd&" \U("

N7K:0-"@@&bfominal axial CT scan of an ovarian cancer patient taken at the third lumbar level. Total
5J-,-83,":5G,-"30-3"74"0-D(

H3
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Results

Paired CT-scans at baseline and after two cycles of neo-adjuvant chemotherapy were
available for 221 out of 245 patients (90.2%). For 24 patients, CT-scans were not provided
by the participating centers. Mean time between CT-scan 1 and CT-scan 2 was 60 days
(SD 15.7). Mean time between cycles of neo-adjuvant chemotherapy and the interval
CRS are presented in the supplementary material, table S4.1. The SMI and ASMI could
not be calculated for nine patients (4.1%) because CT-scans were of insufficient quality or
74G+/;,-8-("Q9-"/-D734"'"S" 635" f<(B" O034(B?B=(<t timepoint 1 and 38.1 (range
#A(@?BBé@timepoint 2. Means with SD of the SMI at timepoint 1 and 2, and ASMI are
;0-5-48-D"74"5:;;,-/-48302"831,-"' @ (#J9-ASMI could be calculated for 212 patients. The
mean ASMI was -5.9% (SD 11.8%), ranging from -31.6% to 46.9%. ASMI was lower than -2%
in 138 patients and was stable or increased (higher than -2%) in 74 patients.

Baseline characteristics for all patients with SMI measurements are presented in table 4.1
34D"@(#("Q9-"/-34"["S"74"89-"""S"5831,-T"74G0-35-"K0+:;"635"#$(<"O'V"f(AU&"34D" %< (="O'V"
3.1) in the SMI decrease group (p=0.025). Slightly more patients with a decrease in SMI

were treated with HIPEC (n=74 (53.6%)), compared to the group with stable/increased SMI

(n=29 (39.2%) p=0.045). Median OS was 41 months (95% confidence interval [CI] 36.1-

45.9), and median RFS was 12 months (95% Cl 10.6-13.4).

ASH+$+.4("#@ (-"&$5BYo#H+"

Between enrollment and surgery, pre-operative toxicity was scored. A total of 1265 events
were registered before interval cytoreductive surgery. The majority of the events was a
CTCAE grade 1-2 event (1208/1265; 95.5%) (table 4.3). Within the group of patients with
a decrease in SMI, a total of 893 events (70.6%) were reported, compared to 372 (29.4%)
events in the stable/increase SMI group (p=0.008). The overall mean number of pre-
operative events per patient was 6.2 (SD 3.9). The percentage of grade 3-4 events was
higher in the group with a decrease in SMI (5.3%) than the percentage in the group with
stable or increased SMI (2.6%). The mean number of pre-operative events was significantly
higher: 6.7 (SD 3.9) in the group of patients whose SMI decreased versus 5.3 (SD 3.1) in the
group with a stable or increased SMI (p=0.019) (table 4.3). Specific grade 3-4 toxicities are
,758-D"74"5:;;,-/-48302"831,-"'@(B&"34D"6-0-"/+58,2"0-,38-D"8+"G9-/+89-03;2"+0" G34G-0?
0-,38-D"3DH-05-"-H-485"5:G9"35";:,/+4302"-/1+,75/5(

H4
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Table 4.1. Patient and treatment characteristics

Total cohort

SMI decrease

SMI stable or

>2% SMl increase
N=212 N=138 N=74 P-value
Age, mean years (SD) A$(<"O>(%U AS(<"O>(#U A%($"O=(>U $(>>f
FIGO, Nr. (%)
"SSS ##%"0%$$U %f>"0%$$U =@"0%$$U
Histological type (%) $(@A<
""E7K9?K03D-"5-0+:5 %<%"0<$(%U  %#B"O<$(AU AA"O><(#U
""R89-0 %<"O<($U %%"0O>($U >"0%$(>U
" 4J4+64 #'0%$(<U #'0%(@U $
BMI, mean kg/m? (SD)* $($#B
“[35-,74- #$(B"Of(BU #$(<"OF(AU %<(="Of(%U
Weight, mean kg (SD)* $($=A
"[35-,74- AS(<"O%H#(<U  =$(%"O%f(#U  AA(>"O%H#(#HU
Primary incomplete debulking, Nr. (%) $>>@
"'2-5 %>"0>(BU %#"'0>(=U A"O>(%U
"4+ %<@"0<%(BU  %#A"O<%(fU A>"0O<%(<U
Outcome interval CRS, Nr. (%)t $(<fA
"'C% %@A"OA>(<U  <B"OA>(>U B%"OA>(<U
"CH3 @$"0%>(<U  #A"0%>(>U %@"0%>(<U
"C#1 ##'0%$(@U %@"0%$(%U  >"0%$(>U
Suboptimal %"0$(BU %"0$(=U $
No resection %"0$(BU %"0$(=U $
"+"5:0K-02 #'0$(<U %"0%$(=U %"0%(@U
Treatment with HIPEC, Nr (%) $(s@B
"ESW]P %$O@>(AU  =@"OBf(AU #<"Of<(#U
"+"FSW]P %$<"OB%(@U A@"O@A(@U @B"OA$(>U
Six cycles of chemotherapy completed, Nr. (%) $(><B
"I-5 %<="O<#(<U %#>"0O<#(>U A<"O<f(#U
)4 %B"0=(%U %$"0O=(#U B"OA(>U

* based on known values

* R1: no visible tumor, complete cytoreduction; R2a: tumor nodules £2.5 mm; R2b: tumor nodules >2.5 mm and

<10 mm; suboptimal: tumor nodules >10 mm, incomplete cytoreduction
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Table 4.2. CT-scans and body composition characteristics

Total cohort SMI decrease >2% SMl stable or SMI
increase

N=212 N=138 N=74 P-value

Nr. of days between scan 1-2, mean (SD)
A$(f"O%B(=U AS(%"0O%A(BU  AB(A"0%B(fU $(>@%

Nr. of days between start neoadjuvant chemotherapy and scan 2, mean (SD)*

fA(>"O>($U fA(AA"O=(BU f=(%"O<($U $(=#=

SMI, mean cm?/m? (SD)

"'[35-,74- f<(B"OB(@U @$(="OB(fU f=(@"0@($U<0.001
After 2 cycles of NACT >(%"OB($U f=(>"OB($U f>(A"OB($U $(#B#
% of change (range) -5.9% 2%#(f 6.0% <0.001

(-31.6% to 46.9%)  (-31.6% to -2.3%) (-2.0%-46.9%)

SMRA, mean HU (SD)*

"'[35-,74- fA($"O=(>U fB(="O=(AU fA(B"O>(#U $(@A@
After 2 cycles of NACT fA(A"O=(BU fB(A"O=(#U >(B"0=(=U $($$=
?S, met)iian months% @%"OfA(%%?@B@%)'Of@ (%>?@=(@¥'OfB(B@? @A(CHEA@

95% CI

{{FS, me)dian months% %#"O%$(AF?%f(fF=U%%"O<(@<?%# (BB D%S(#@ 7% B (=A%(#<=

95% CI
HH
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Table 4.3. association of decrease in SMI with adverse events

SMI decrease SMI stable or SMI

Total cohort 2% increase

P-value
N=203 N=133 N=70
Mean number of adverse events pre-operative (SD)*
"'c0%?# B(<"Of(=U A(@"Of(<U B#"'Of(%U $(3@@
"'cof?@ $(f"O$(=U $(@"0$(>U $(%"O$(@¢0.001
8384 )"+ -H-48570-2+ A(H"Of(<U A(="0@(#U B(F'Of(%U $($%<

Total number of adverse events pre-operative*
"Q+83,"c0%?#"0034K-";-0"
patient)
"'Q+83,"cOf?@"0034K-";-0"
patient)

"'Q+83,"40"+."-H-485"0034K-"
per patient)

%#$>"0$?##U >@A"0$?##U fA#" 0% ?%fUS($%>
B="0%$?@U @="0%?@U %$"O$?#US($%A

%#AB"0O%?#BU  ><f"O%?#BU f=#"0%?%fU$($$>

* based on known values

HI
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N7K:0-"@&@lan-Meier survival analysis. SMI; skeletalmuscle index, plotted is an increase vs. decrease in SMI

and the association with overall survival.

W?H3,:- $(=A@

Total N N of events %
ASMI >-2 =@ of B>
ASMI =<-2 %f> =f Bf
Overall 212 116 55

D"&$5B%#+"("#@ (-6 &E+E"*

After a median of 4.7 years of follow-up, 116 of 212 patients (55%) had died and 181 of
212 patients (85%) experienced an event of disease-recurrence or death. Survival analysis
revealed that 43 of 74 patients (58%) with a more than 2% decrease in SMI versus 73 of 138
(53%) of the patients with a stable or increased SMI had died. Median overall survival did
not differ significantly between these two groups (p=0.764, figure 4.2).
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N7K:0-"@W&plan-Meier survival analysis. SMI; skeletalmuscle index, plotted is an increase vs. decrease in SMI
and the association with recurrence free survival.

W?HS,:- P(#<=

Total N N of events %
ASMI >-2 =@ A% >#
ASMI =<-2 %f> %#$ >=
Overall 212 181 85

Sixty-one of 74 (82%) patients in the ASMI decrease group had disease recurrence,
compared to 120 of 138 (87%) in the ASMI stable/increase group. Median recurrence-free
survival was similar (p=0.297, figure 4.3). ASMI was also not associated with overall survival
and recurrence-free survival after correcting for differences in baseline characteristics and
treatment effect in multivariable analysis (supplementary tables S4.3 and S4.4, respectively).
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Discussion

The primary goal of this study was to validate the previously published finding that a decline

in SMI during neo-adjuvant chemotherapy in ovarian cancer patients was associated
6789"6+05-" R{"\,89+:K9" 3" ,+55" +." 5J-,-83," /:5G,-" /355" 635" D-8-G8-D" 74" 89-" ;0-5-48"
cohort, inclusion criteria allowed only for randomization of patients with prognostically
favorable characteristics such as good response to chemotherapy or complete- or optimal
cytoreduction. This selection of patients might have resulted in negative validation of the

results as published by Rutten et al. Nevertheless, a strong association between decreasing
'""S"34D"3DH-05-"-H-485"635".+:4D(

Rutten et al. showed that ovarian cancer patients with a decrease in SMI (>2%/100 days)
had a significant (p=0.004) survival disadvantage (median OS 916+99 days) as opposed to
patients who showed stable or increased SMI (median OS 1431+470 days) 3. The patient
cohort presented by Rutten et al. is essentially different regarding a number of aspects:
1) patients were older (mean age 60.9 [present] vs. 66.5 [Rutten et al.]), 2) had higher
FIGO stage (Il [present] vs. llI-1V [Rutten et al.]), 3) received more chemotherapy between
CT-scans (2 [present] vs. 3 cycles [Rutten et al.]), and 4) had worse outcome of CRS (68%
[present] vs. 45.5% [Rutten et al.] patients with complete debulking surgery). The present
study included patients under the age of 76, who were fit for major surgery (ASA1-2 and
WHO performance score 0-2), had adequate organ function, and had only FIGO stage Il
D75-35<. In addition, only patients with a complete or partial response, or stable disease
after two cycles, were selected. However, the mean decrease of SMI in both cohorts was
quite similar (5.9%/100 days present cohort vs. 5.2%/100 days in the Rutten et al. cohort).

During neo-adjuvant chemotherapy, patients with a decrease in SMI had a significantly

higher number of toxicities of any grade (6.7, SD: 4.2 vs. 5.3; SD: 3.1, p=0.008) (table 4.3).

This might indicate that skeletal muscle depletion is a measure of clinical fitness which

impacts the patients’ ability to receive treatment and thereby affects survival, rather than

being an independent prognostic variable. Earlier findings already indicated that increased
8+a7G782".0+/"G9-/+89-03;2"75"0-,38-D"8+",+6-0",-34"1+D2"/355&"697G9"0-5:,85"74"0-D:G-D"
volume of distribution, protein binding, metabolism, and clearance of drugs®("Q9-"K0+:;"+."

patients who lost skeletal muscle during chemotherapy had a slightly higher baseline BMI

(20.9, SD 3.6) compared to the group of patients with stable/increased muscle mass (19.7,
'V'f(%U("S8"75"4+8"G,-30"69-89-0"8975"5,7K98,2"97K9-0"135-,74-"["S"G+48071:8-5"8+" 3"K0-38
D-G0-35-"74"5J-,-83,"/:5G,-"/385(

The association between a decrease in SMI and outcome that was previously described
Bmay be attributed to the fact that relatively frail patients were studied that did not meet
89-"74G,:57+4" G078-073".+0" 89-" RXFSW]P?%" 8073,&" 1:8"93D" 3" ;++0" +:8G+/-" D:-" 8+" 3DH-05
events, dose modifications or incomplete surgery. The strong relationship with reported
toxicities in the current study is in line with this explanation. One of the main shortcomings
+."89-"G:00-48"5:0H7H3,"343,2575"75"8938" 78" 635" 4+8";+6-0-D".+0"343,2575"+."R'TCN'&" +0" .+
any subgroup analyses. All participants in the OVHIPEC-1 trial were included for analysis
with the assumption that sarcopenic patients were evenly distributed over both treatment
arms. However, slightly more patients were treated with HIPEC in the group with a decrease
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in SMI. Multivariate analysis for treatment arm (HIPEC vs. no HIPEC) and for ASMI were

performed to evaluate the independent effect of ASMI without the potential mask by
80-38/-48"6789"FSW]P"0O5:;;,-/-48302"831,-"' @(f"34D""@(@U("'J-,-83,"/:5G,-"/355"635"4+8"
an independent prognostic factor for recurrence-free and overall survival in multivariable

analysis. Due to its prospective nature, this cohort is the most homogeneous described
8+"D38-&"34D" 7/;+08348" G+4.+:4D-05" .+0" +:8G+/-" ONScR" 583K-&" ;-0.+0/34G-" 5G+0-&" 34D"
5:0K7G3," 80-38/-48U" 697G9" 6-0-";0-5-48" 74" ;0-H7+:5" 58:D7-5" 93H-" 1--4" -, 7/7438-D(" Q9-"
strict inclusion criteria in the current study make it difficult to generalize our findings to the

general ovarian cancer patient population. Assessment of SMI was performed according
8+"3GG-;8-D"/-89+B5% 2, The effect of a decrease in SMI was assessed independently

of treatment with HIPEC in multivariable analysis. Since a survival disadvantage was not

detected for patients with skeletal muscle mass loss, it is expected that optimal resection

of the tumor is of greater importance for OS than adverse body composition. Based on

previous cohorts, the association between adverse body composition and OS might still

be of importance in older patients, or patients in whom complete resection of the tumor

is not feasible. Due to the nature of the selected cohort, however, these patients were not

343,2|-D* 152425 Multivariate analyses that consider important prognostic variables such

as treatment response, completeness of surgery, and toxicities could reveal if a decrease in

body composition might be an independent predictor in other cohorts.

Conclusion
\"G934K-"74"'"S"D:074K"#"G2G,-5" +."4-+3DL:H348" G9-/+89-03;2" 635" 4+8" 355+G738-D"6789"
outcome within a large cohort of patients included in the OVHIPEC-1 trial. In the current

population, with relatively good prognostic characteristics, a loss of skeletal muscle mass

is not an independent predictor for survival. In this selection of patients, we observed

a significant association of sarcopenia with reported toxicities. Whether loss of skeletal

muscle mass is related to patient performance status, toxicity or treatment burden should

be confirmed in future analyses.
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Supplementary files chapter 4

Q31,-"@(%("Q7/74K"+."PQ?5G345

Mean (SD)

Range

Time between Scan 1 and start NACT
Time between Scan 1 and iCRS
Time between start NACT and Scan 2
Time between Scan 2 and iCRS

Time between Scan 1 and Scan 2

#(<#"'0%(>>U
%f(<>"O#(H@U  <?## )0(+."6--J5";07+0"8+"7PC'
@(><"O0%(#$U
Bf@"0%(f=U  #?%$)0("+."6--J5";07+0"8+"7PC'
A$(BB"O%A(<%6?%#%0"+."D325"1-86--4"5G34"%

$2< )0("+."6--J5";:07+0"8+")\PQ

f?< Nr. of weeks after NACT

Yeid

Table S4.2. Exploration of parameters

Median ),3 SE " Range 33.33 per.
centile
SMI1 (N=212) f<(@< f<(BB $(f= B(@# #=(B@?B=(<f  f=(#=
SMI2 (N=212) >(f% >($> $(f@ @(<> #A(@@7?BB(@%$ fB(=<
DeltaSMI per 100 -5.42% -5.91% $>% 11.77% -31.61%-
days (N=212) 46.93%
HU1 (N=220) fB(>= fA($> $(Bf =(<% %=(<%?BA(A$ % (<#
HU2 (N=221) fA(@f fA(B< $(B% =(AB %=(<%?B<(@$ f#(=>
Table S4.3. Multivariable cox regression analyses for effect on overall survival
Risk factor <32(,*2,0) Multivariate
=9 95%-Cl p-value =9 95%-Cl p-value
ASMI %($B< SEHA?WBO@@(=AA  $(<>= $(A=@?%(@ B<@>
>%),07)30%,*7  $(AA> S(@AH?$S(<AB $($f# $(AA= $(@B<?$(<A>$($ff

HR; hazard ratio, 95%-Cl; 95% confidence interval, SMI; skeletal muscle index

Table S4.4. Multivariable cox regression analyses for effect on recurrence-free survival

Risk factor <32(,*2,0) Multivariate

=9 95%-Cl p-value =9 95%-Cl p-value
ASMI $(>Bf B(A#=?%(%A#$(f%@ $(>$% $(B>A?%($<B $(%AB
>*),07)30%,*7 $(A<= $(BB$?$(<fB $($WA $(A=B $(BS%?$(<$> $($%$

HR; hazard ratio, 95%-Cl; 95% confidence interval, SMI; skeletal muscle index
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Q31,-"@(B("c03D-"SSS"34D"K03D-"SX"8+a7G782"74"1+89"K0+:;5

SMI decrease >2%

N=133

SM stable or %
SMl increase

N=70
W:,/+4302"-/1+,75/ > 6% $ 0%
d-:J+G28+;-473T4-:80+;-473 A 5% # 3%
P30D73G"52/;8+/5 @ 3% % 1%
W-07;9-03,"4-:0+;3892 @ 3% $ 0%
\1D+/743,";374 f 2% % 1%
Renal insufficiency f 2% $ 0%
Fatigue # 2% % 1%
\1D+/743,"D758-457+4"035G78-5U # 2% $ 0%
V73009-3 # 2% $ 0%
V25;4-3 # 2% $ 0%
S,-5 # 2% $ 0%
Q90+/1+7?-/1+,7G"-H-48 # 2% $ 0%
Infection % 1% # 3%
Q90+/1+G28+;-473 % 1% # 3%
Constipation % 1% $ 0%
V25;30-:473 % 1% $ 0%
Liver function anormality % 1% $ 0%
Loss of concentration % 1% $ 0%
'24G+;- % 1% $ 0%
Allergic reaction to paclitaxel $ 0% % 1%
Q+83, @= %$
IH
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Figure S4.1. ROC curve for recurrence-free survival and different outcome variables
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Figure S4.2. ROC curve for overall survival and different outcome variables
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Health-related quality of life after
interval cytoreductive surgery with or
without HIPEC

S.N. Koole*, J.M. Kieffer*, K. Sikorska, J.H. Schagen van Leeuwen, H.W.R. Schreuder, R.H.
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Health-related quality of life after interval cytoreductive surgery with or without

hyperthermic intraperitoneal chemotherapy (HIPEC) in patients with stage Il ovarian cancer.
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Abstract

Introduction The addition of hyperthermic intraperitoneal chemotherapy (HIPEC) to
interval cytoreductive surgery (CRS) improves recurrence-free (RFS) and overall survival
(OS) in patients with FIGO stage Il ovarian cancer. We evaluated the effect of HIPEC on
patient’s health-related quality of life (HRQoL) in the OVHIPEC-1 trial.

Methods OVHIPEC-1 was a multicentre, open-label, randomized phase Il trial for

patients with stage Ill ovarian cancer. Patients were randomly assigned (1:1) to receive

interval CRS with or without HIPEC with cisplatin. HRQoL was assessed using the EORTC
YdY?P{$&"34D"89-"+H30734"0YdY?RX#>U"34D"G+,+0-G83,"G34G-0"0OYdY?PCf>U"/+D:,-5("FCY+
guestionnaires were administered at baseline, after surgery, after end of treatment, and

every three months thereafter. HRQoL was a secondary endpoint, with the prespecified

focus on the QLQ-C30 summary score and symptom scores on fatigue, neuropathy and

gastro-intestinal symptoms. HRQoL was analyzed using linear and non-linear mixed effect

/+D-,5(

Results In total, 245 patients were randomized. One-hundred-ninety-seven

patients (80%) completed at least one questionnaire. No significant difference over time
74"89-"YdY?Pf$"5://302"5G+0-5"635"+15-0H-D"1-86--4"89-"58:D02"30/5"0;?H3,:-5".+0",74-30"
and non-linear growth: p>0.133). The pattern over time for fatigue, neuropathy and gastro-

intestinal symptoms did not significantly differ between treatment arms.

Conclusion The addition of HIPEC to interval CRS does not negatively impact HRQoL

in patients with stage Ill ovarian cancer who are treated with interval CRS. These HRQoL
0-5:,85&"8+K-89-0"6789"89-"7/;,0+H-/-48"74"CN"34D"R'&"5:;;+08"89-"H7317,782"+."FSW]P"35"34"
important treatment option in this patient population.
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Introduction

Ovarian cancer accounts for 3.6% of cancers in women worldwide, is the eighth cause of
D-389".0+/"G34G-0"74"6+/-4&"34D"935"89-"97K9-58"/+083,782"038-"+."3,,"K24-G+,+K7G"G34G-05'
74"89-"6-58-04"6+0'DPespite contemporary treatment with cytoreductive surgery (CRS)

and intravenous (1V) platinum-based chemotherapy, about 80% of patients with advanced

stage disease experience a recurrence within two years. Prognosis is best for patients in

whom no macroscopic residual disease remains after surgery.®*

S4803;-078+4-3," OSWU" D-,7H-02" +." G9-/+89-03;2" -4934G-5" D0:K" D-,7H-02" 38" 89-" ;-078+4-3,"
surface, and is therefore of interest in patients with ovarian cancer. Previous trials

evaluating adjuvant IP chemotherapy in combination with IV chemotherapy as an addition
8+",07/302"PC'&"59+6-D"7/;0+H-D"0-G:00-4G-?.0--"34D"+H-03, ¥8'BHFAHE0&. "8975"75"34"

intensive treatment requiring multiple hospitalizations, with a high incidence of symptoms

such as nausea and vomiting. Catheter-related problems and increased toxicity limit the
broad uptake of IP chemotherapy in clinical practice.” & F2;-089-0/7G" S4803;-078+4-3,"
administration of Chemotherapy (HIPEC) is an alternative modality for IP delivery of
G9-/+89-03;2"D:074K"5:0K-02&"8938"/32"0-5+,H-"89-5-"G+4G-045"34D"0-D:G-"8+a7G7

Q9-"RXFSW]P?%"8073,"635"3"034D+/71-D";935-"SSS"8073,"8938"D-/+458038-D"3"0-G
and overall survival benefit for the addition of HIPEC to interval CRS in patients with stage

SSS" +H30734" GP4Bebfs recruited into this trial were ineligible for primary surgery
because of extensive disease, but responded sufficiently to three cycles of neo-adjuvant
chemotherapy to allow optimal or complete interval CRS. The addition of HIPEC to interval

CRS prolonged total surgery time by 148 minutes and total hospital stay by two days but did
4+8"74G0-35-"89-"74G7D-4G-"+."3DH-05-"-H-485(

Patient-reported outcomes, including self-assessment of symptoms and side effects,
34D"9-3,89?0-,38-D"@:3,782"+.",7.-"OFCY+dU"93H-"1--4"74G0-3574K,2" 0-G+K47I-D" 35" 0-,-H348'
parameters in the evaluation of new medical treatments.’® We assessed the effect of the

addition of HIPEC on the patients’ symptom burden and HRQoL in the OVHIPEC-1 trial.
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Methods

Partcipants

The OVHIPEC-1 trial was a multicentre, randomized, open-label, phase Il trial conducted

in the Netherlands and Belgium. If eligible, patients with International Federation of
c243-G+,+K2"34D"R158-807G5"ONScRU"583K-"SSS"+H30734&" .3,,+;734"8:1-&"+0";-078+4-3," G.
6-0-"-40+,,-D".+0"890--"G2G,-5"+."4-+?3DL:H348"G9-/+89-03;2"6789"748-0H3,"PC"1-G3:5-"+."
89-"-a8-48"+."D75-35-"+0"74G+/;,-8-",07/302"PC'("N:,,"-,7K717,782"G078-073"93H-"1--4"D-5G071-D"
in chapter 2. The local ethical committees of all participating centres approved the study

protocol. All participating patients provided written informed consent and agreed to

complete questionnaires as part of their consent.

D.6@4(@%-+>#("#@ (B&5%$% @ 6&%-

Neoadjuvant chemotherapy consisted of carboplatin (area under the curve [AUC] +."B?A"/KT
[, T/74U"34D";3G,783a-,"O%=B"/#f body-surface area [BSA]). Peroperative randomization
635";-0.+0/-D"D:074Knterval CRS in cases in which complete or optimal cytoreduction
was anticipated. Patients were randomly assigned (1:1) to receive interval CRS either with
+0"6789+:8"FSVWR&{@omization was performed with the use of a minimization procedure,
with stratification according to previous surgery (yes vs. no), the hospital in which the
5:0K-02"635"1-74K";-0.+0/-D&"34D"89-"4:/1-0"+."74H+,H-D"0-K7+45"74"89-"31D+/743,"G3H782"
(0 to 5 vs. 6 to 8). For logistical reasons, two of the eight participating centres performed

a diagnostic laparoscopy before surgery to evaluate whether complete or optimal surgery
was feasible, in which case randomization then took place.

HIPEC was administered at the end of the cytoreductive 5:0K7G3,";0+G-D:0-"6789"89-":5-"
+."89-"+;-4"8-G9479(*The abdomen was filled with saline, the perfusion fluid was heated

by continuous circulation through a heat exchanger after which perfusion with cisplatin
0%$$/KT7 of BSA) was initiated (full method described elsewhere).SQ9-"FSW}P+G-D:0-"
took 120 minutes in total, including 90-minute perfusion time."Q+";0-H-48"4-;90+8+a7G782"
in patients treated with HIPEC, sodium thiosulphate was administered at the start of
perfusion as an intravenous bolus followed by continuous infusion over a period of six
hours. Urine production was regulated during and three hours after surgery. After HIPEC,
patients had a 1-day stay in the intensive care unit per protocol. All patients received three
additional cycles of carboplatin and paclitaxel after surgery. During follow-up, regular
physical examinations, and measurement of the serum cancer antigen 125 (CA125) level

were repeated every three months for two years, and then every six months until five years

after the completion of chemotherapy for both treatment arms. An abdominal CT scan was
made after completion of treatment, and at six, 12 and 24 month follow-up.

16.$5G%-

HRQoL was a secondary endpoint of the OVHIPEC-1 trial, with the pre-specified focus on the

QLQ-C30 summary score and symptom scales for fatigue, neuropathy and gastro-intestinal
52/;8+/5("Q9-"0-5:,85";-0837474K"8+"0-G:00-4G-?.0--"5:0H7H3,&"+H-03,,"5:0H7H3,&"34D"53.-82"
93H-"1--4"D-5G071-D"74"G93;8-0"#(
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HRQoL was assessed with the European Organization for Research and Treatment of Cancer
(EORTC) core questionnaire (EORTC QLQ-C30 version 3.0), and the ovarian and colorectal
cancer questionnaire modules (QLQ-0OV28 and QLQ-CR38, respectively). The QLQ-C30
is a 30-item questionnaire that includes five multi-item functional scales (physical, role,
cognitive, emotional, and social), three multi-item symptom scales (fatigue, nausea and
vomiting, and pain), five single-item symptom scales (dyspnea, insomnia, appetite loss,
constipation, and diarrhea), a question on financial impact; and a two-item global quality
+.",7.-"6G3(\4"+H-03,,"YdY?Pf$"5://302"5G+0-"G34"3,5+"1-"G3,3?,38-D(

The QLQ-0OV28 is a 28-item ovarian cancer-specific questionnaire module designed to
5:;;,-1-48"89-"YdY?Pf$( 1 It comprises three multi-item functional scales (body image,
attitude to disease/treatment, and sexual functioning), and five multi-item ovarian cancer-
associated symptom scales (abdominal/gastrointestinal symptoms, peripheral neuropathy,
other chemotherapy side-effects, and hormonal/menopausal symptoms). Because CRS for
ovarian cancer patients involves major abdominal surgery, including colonic surgery in some
patients, we also administered the EORTC QLQ-CR38, which addresses symptoms relevant
for other patient groups undergoing abdominal surgery. It includes 38 items, organized
into four functional scales (body image, sexual functioning, sexual enjoyment, and future
perspective), and eight colorectal cancer-related symptom scales (micturition problems,
gastro-intestinal symptoms, chemotherapy side-effects, problems with defecation, stoma-
0-,38-D";0+1,-/5&".-/3,-"5-a:3,";0+1,-/5&"34D"6-7K98",+B5U(

The three HRQoL questionnaires have a one-week recall period and a four-point response

scale (1 = “not at all”, 4 = “very much”), with the exception of the global QoL scale which

has a seven-point response format. A linear transformation is used to calculates scale

scores, ranging from 0-100. For functional scales, higher scores represent higher levels of

functioning. For symptom scales, higher scores indicate more symptom burden.®""75574K"
H3,:-5"678974"3"5:15G3,-"6-0-"0-;,3G-D"12"89-"3H-03K-"5G+0-"+."89-"G+/;,-8-D" 78-/5" 74"
the same scale for each individual, provided that at least 50% of the items in that scale
93D"1--4"G+/;,-8-D( Administration of the HRQoL questionnaires was planned according

to the trial schedule: within four weeks prior to randomization (baseline), before start of

3DL:H348" G9-/+89-03;2&" 38" 89-"-4D" +." 80-38/-48&" 34D" -H-02"890--"/+4895" 74" .+,,+67:;&"
until two years of follow-up were completed.

Statstcal analyses

A HRQol-specific statistical analyses plan was developed at initiation of the trial. First the
guestionnaire completion rate was evaluated. The HRQoL questionnaires were analyzed
based on the intention-to-treat principle (i.e., all randomized patients were compared
according to the treatment to which they were allocated). Questionnaires completed
after disease recurrence, and those completed after data cut-off for follow-up (March 31,
2017) were excluded from the analyses. Baseline questionnaires were defined as those
completed before randomization, but one week after administration of the last neo-
adjuvant chemotherapy cycle. Questionnaire completion results were summarized in six
different time points. Because of variability in the timing of questionnaire administration
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between patients, time from randomization to the completion date of each assessment (in
weeks) was used as a continuous variable in the mixed effect model.

Q9-"D383"6-0-"343,2I-D":574K" 3" K0+689" G:0H-"/+D-,74K" 3;;,0+3G9&" 135-D" +4" /3a7/:/"

likelihood estimation with random intercept and slope.'*"Q975"3;;0+3G9"83J-5"89-"678974"
34D"1-86--4?;-05+4"H307317,782" 748+"3GG+:48&" 34D" D-3,5" 3D-g:38-,2" 678Y" /75574K" D383(
Q+"8-58"4+47?,74-30"K0+689"803L-G8+07-5"6-"74G,:D-D"97K9-0"+0D-0";+,24+/743,"80-4D5" O7(~(
guadratic or cubic slopes) to the model. To test if the non-linear growth trajectory was

appropriate, we used the Bayesian Information Criterion (BIC) and the Akaike’s Information
P078-07+4"O\SPU(

The missing-data pattern was analyzed using dummy-coded variables, which were added
to the model. Subjects were divided into groups depending on their missing data pattern.
To analyze the data-pattern, the observation period was divided into three time points:
(1) before randomization; (2) between randomization and 20 weeks of follow-up; and
(3) after 20 weeks of follow-up. Effects of non-ignorable drop-out patterns on choice of
covariance structure (identity, unstructured, compound symmetry and autoregressive
covariance structure) were evaluated based on the fit of the respective models using BIC
and AIC, and compared between treatment groups. After testing the covariance structure,
the treatment arm was added as variable to test differences between the two arms. Overall
group differences and between-group differences in change over time were accompanied
by effect sizes (ES), which are calculated using the .-test values ((2*.)/(V@B®(\4"]" +."
0.20 was considered small, 0.50 moderate and clinically significant, and an ES of 0.80 was
G+457D-0-D",36K(

Results

Between April 2007, and April 2016, a total of 245 patients were randomly assigned; 123 to
89-"748-0H3,"PC"K0+:;"34D"%##"8+"89-"748-0H3,"PC"34D"FSW]P"KO0+:;("\"8+83,"+."%<="+."89-"# @
randomized patients (80%) completed at least one HRQoL questionnaire, of whom 91 (46%)

were treated with CRS, and 106 (54%) with CRS and HIPEC. Within the group of patients

with one or more questionnaires, the mean number of questionnaires completed was 3.1

and ranged from one to eight. Baseline and treatment characteristics were well balanced
1-86--4"89-"86+"80-38/-48"K0+:;5".+0"1+89"89-"8+83,"8073,"53/;,-"34D"89-"FCY +d"53/;,-"
(table 5.1). The number of completed HRQoL questionnaires included in the intention-to-
treat-analysis is shown in table 5.2. A total of 613 questionnaires were analyzed; 269 (44%)
completed by patients treated with interval CRS, and 344 (56%) completed by patients

treated with CRS and HIPEC. Completed questionnaires not fitting the criteria for analyses

were excluded (figure 5.1). The dummy-coded patterns for non-ignorable dropout did not

differ significantly between groups (B=0.508). The non-ignorable dropout pattern did not

affect any of the tested models, and was therefore excluded from the model.
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276 patients registered
919 HRQol forms

15 HRQol forms from registered
but not randomised patients

245 patients randomized
904 HRQol forms

2 v

123 patients allocated to CRS without HIPEC 122 patients allocated to CRS with HIPEC
391 HRQol forms

513 HRQol forms

122 invalid HRQOL forms:

169 invalid HRQOL forms:
8 HRQol forms without specific 16 HRQol forms without specific
date date
2 HRQol forms filled in after data 4 HRQol forms filled in after data 5
cut-off for follow-up _— cut-off for follow-up
10 HRQol forms filled in during 14 HRQolL forms filled in during
neo-adjuvant cycles neo-adjuvant cycles
61 HRQol forms filled in after 60 HRQoL form:s filled in after
disease recurrence disease recurrence
41 HRQol forms filled in after 12m

75 HRQol forms filled in after 12m

269 HRQol forms included in analyses 344 HRQol forms included in analyses

"#$%&'()*Y,-.,%/'0"1#%12'3,%'/4&'567,8'9,2:,-&-/',3'14&";,<5=>?2+@*'/%"1A
,ZY}>W Z o0S8Zr& o § <p o]8C }( o]( U

Z"W CS8}E upu YA uEP ECU ,/W
94&2,/48&%1:BC'?;DE'&-0',3'/%&1/2&-/)
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Table 5.1. Baseline and treatment characteristics*

HRQoL population

Interval CRS Interval CRS and
(N=91) HIPEC (N=106)
Baseline characteristics
Median age — yr (IQR) Af"OBA?A=U A#"OBB?A=U

Previous surgery — no. (%)

"5 %%"0%#U %%"0%$U
"+ >$"0>>U <B"O<$U
No. of involved regions (%)
""$?B Af"OA<U =f"OA<U
"MA?> #>"0f%U ff"Of%U
Treatment characteristics
Residual disease after surgery — no. (%)
""C?%&"4+"H7571,-"8:/+:0&"G+/;,-8-"G28+0-D:G87+4  A%"OA>U =@"0O=%U
R-2a, tumour nodules 2.5 mm %<"O#%U %>"0%=U
R-2b, tumour nodules >2.5 mm and <10 mm >"O<U %#"0%%U
""Q:/+:0"4+D:,-5"n%$"//1&"74G+/;,-8-"G28+0-D:G87+4 %"0%U $"0O3$U
No resectiont %"0%U %"0%U
""™+"5:0K-02";-0.+0/-D $"0O$U $"O%U
Bowel resections — no. (%)
No bowel resection performed AA"O=fU >$"0=BU
""[+6-,"0-5-G87+4"6789+:8"7,-+?TG+,+58+/2 %B"0%AU ="0=U

""[+6-,"0-5-G87+4"6789"7,-+?TG+,+58+/2

%$"0%%U

%<"0%>U

Median duration of surgery— min (IQR)

%<$"O%Bf"|"#@AU@#"Of$$"|" @F$U

Median duration of hospitalization — days (IQR)*

>"O0="]"%%U

%$"0>""%fU

Median time between surgery and start of first cycle
of adjuvant chemotherapy - days (IQR)

f$"O#B"|"@$U

ff'O#="]"@#U

CRS denotes cytoreductive surgery, HIPEC denotes hyperthermic intraperitoneal chemotherapy, IQR interquartile
034K-

* There were no significant differences between the trial groups in any of the variables listed in this table, with the
exception of the rate of ileostomy or colostomy among the patients who had a bowel resection (13/30 vs. 21/29,
p=0.04)

Within the total sample, there were no significant differences (13/123 vs. 21/122, p=0.19)
W-0G-483K-5"/32"4+8"5:/"8+"%%$$"1-G3:5-"+."0+:4D74K

* Surgery was performed, but no resection was possible

F The median duration of hospitalization included a 1-day stay in the intensive care unit after HIPEC, as specified
74"89-";0+8+G+,
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Table 5.2. Summary of questionnaire completion in each time period

No. of questionnaires

Interval CRS Interval CRS Total
and HIPEC
Baseline @< B> %%$=
Between surgery and EOT, during adjuvant BA =% Yott=
chemotherapy
Follow-up until 15 weeks after EOT A> A= %fB
Follow-up 16-30 weeks after EOT @< =# %#%
Follow-up 31-45 weeks after EOT fB @> >f
Follow-up 46 weeks -1 year after EOT %t #> @%
"7 269 344 613
CRS denotes cytoreductive surgery, HIPEC denotes hyperthermic intraperitoneal chemotherapy, EOT denotes end
+."80-38/-48
100
= CRS
2 4 — CRS + HIPEC
T S S
£
E 70
(%]
o
O 60
50 T T T T T T T 1
Surgery 10 20 30 40 50 60 70

Time (weeks)

N7K:0-"B(803L-G8+07-5"+."89-"YdY?Pf$"5://302"5G+0-".+0"1+89"8073,"30/5("

Trajectories are pictured with 95% pointwise Confidence Intervals. QLQ-C30: the EORTC Quality of Life core

Questionnaire. For the C30 summary scale, higher scores represent higher levels of functioning.
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No significant between-group differences were observed over time (treatment by time
interaction) for the QLQ-C30 summary score (B?H3,:-".+0",74-30" 34D" 4+47?,74-30" KO+689b"
>0.133). For the total HRQoL sample, the QLQ-C30 summary scores declined shortly after
5:0K-02'89 0.015; ES=-0.23), then improved until approximately one year after surgery
@®=0.001; ES=0.33), and finally started to decline again (B<0.001; ES= 0.35) (figure 5.2).

Similarly, there were no statistically significant differences observed between groups over
time for the other primary HRQoL outcomes: symptoms of fatigue (C30), neuropathy (OV28)
and gastro-intestinal complaints (CR38). For the total HRQoL sample, fatigue decreased
linearly over time (B<0.001; ES=-0.63). The overall trajectory for neuropathy showed an
increase in the first postoperative period, during the adjuvant chemotherapy treatment
®<0.001; ES=0.54), a decrease 15-20 weeks after surgery (B<0.001; ES=-0.53), and a
.:089-0"K03D:3,"74G0-35-"D:074K".+,,B60:0@; ES=0.47) (figure 5.3). Gastro-intestinal
symptoms first decreased slightly (B=0.001; ES=-0.31), and then increased during follow-
;" OB=0.009; ES=0.25) (figure 5.4). No significant between-group differences over time
6-0-"+15-0H-D".+0"342"+."89-"+89-0"5G3,-5"+."89-"YdY?Pf$&" YdY ?RX#>"+0"YdY ?Pf>&"6789"
the exception of appetite loss, which showed a statistically significant, but not a clinically
significant greater decrease in patients treated with HIPEC (B=0.019; ES=-0.20).

Additonal results from the QLQ-C30, the QLQ-OV28 or the QLQ-C38 questonnaires

In the total group, global quality of life (p=0.002), physical (p<0.001) and role functioning
scales (p =0.001) decreased and then increased (p<0.001), without differences between
arms. Scores for sexuality decreased over time (p=0.006). Scores for social functioning
(p<0.001), body image (p=0.011), attitude (p<0.001) and future perspective (p<0.001)
increased over time. Overall, symptoms for dyspnea (p=0.010), nausea/vomiting (p=0.001),
abdominal problems (p=0.003), hair-loss (p<0.001) and chemotherapy side effects (p<0.001)
significantly decreased over time. Scores for appetite loss showed a statistically significant,
but not a clinically significant greater decrease in patients treated with HIPEC (p=0.019;
ES=-0.20). The trend for appetite loss exhibited a linear decrease over time for the entire
sample (p<0.001; ES=-0.43). For micturition, complaints decreased (p<0.001) after surgery
but slightly increased during follow-up. No changes in emotional functioning, cognitive
functioning, pain, insomnia, constipation, diarrhea or financial impact were observed over
time.
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N7K:0-"B(fitajectories of QLQ-OV28 Neuropathy scores for both trial arms. Trajectories are pictured with 95%
pointwise Confidence Intervals. QLQ-OV28: the EORTC disease-specific questionnaire module for ovarian cancer. 5
N+0"89-"52/;8+/"5G3,-5"+4"4-:0+;3892"97K9-0"5G+0-5"74D7G38-"/+0-"52/;8+/"1:0D-4(

: —— CRS
I — CRS + HIPEC
40
301
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107

CR38 Gastro-intestinal score

0 T T T T T T T 1

Surgery 10 20 30 40 50 60 70

Time (weeks)

N7K:0-"B(@4jectories of QLQ-CR38 Gastro-intestinal symptom scores for both trial arms. Trajectories are pictured
with 95% pointwise Confidence Intervals. CRS: cytoreductive surgery, HIPEC: hyperthermic intraperitoneal
chemotherapy, QLQ-CR38: the EORTC disease-specific questionnaire module for colorectal cancer. For the

symptom scales on gastro-intestinal symptoms, higher scores indicate more symptom burden.

149405-koole_binnenwerk_20210221-def.indb 89 21/02/2021 19:29



I()$%*+0

Discussion

The addition of HIPEC to interval CRS in patients with stage Ill ovarian cancer results in
significant recurrence-free and overall survival benefit.S'[-G3:5-"+." 89-"/+0-" 748-457H-"
nature of surgery including HIPEC, concern has been voiced about a potential increase in
3DH-05-"-H-485"34D" G+/;0+/75-D" FC¥H86-D" +4";9257G734?038-D"D383&" 6-" +15-0H-D"
comparable percentages of patients with grade three or four adverse events in the group
treated with interval CRS and HIPEC as compared to interval CRS alone (27% and 25%,
respectively, B=0.76).5 The current results, based on patient-reported outcomes, indicate
comparable HRQoL and symptom burden between patients treated with interval CRS and
HIPEC and those treated with interval CRS without HIPEC. Although appetite loss was
reported more frequently by patients treated with HIPEC, this was however not clinically
significant based on the effect size.

Previous studies reporting HRQoL after treatment with HIPEC for various peritoneal
13,7K434G7-5"74G,:.D74K"+H30734"G34G-0&"74D7G38-D"8938"8975"80-38/-48"75"53.-"34D"893¢€
effects affecting HRQoL typically resolve within the first year after treatment.?*%" M-"

observed similar results in our trial; functioning scores and overall HRQoL decreased during

adjuvant treatment, but recovered quickly after end of treatment, with similar patterns in

the two treatment arms. Also, symptom scores of the patients in our trial who underwent
PC"34D"FSW]P"6-0-",30K-,2"57/7,30"8+"89+5-"74"89-"PC"K0+:;&"34D"8+";0-H7+:5,2"0-;+08-D"
scores of patients with ovarian cancer treated with HIPEC.?>2#"S4"+:0"8073,&"89-"4:/1-0"+."

patients with bowel resections was similar in both arms (30 patients (24%) in the interval

CRS group, 29 patients (24%) in the interval CRS and HIPEC group). The number of patients

with a colostomy was slightly higher in the HIPEC group (13 patients (11%) in the interval

CRS group vs. 21 patients (17% in the interval CRS and HIPEC group).>'WO0-H7+:5"58:D7-5"

looking into the HRQoL of patients with colostomies showed higher symptom burden,

which should be considered in daily practice.? 2

Our study had several limitations that should be noted. First, compliance with the planned
schedule of HRQoL questionnaire administration was suboptimal, and better in the
arm treated with HIPEC. This is possibly due to open-label bias, because patients in the
investigational arm, and their treating physicians, might have been more conscientious in
completing questionnaires. Second, although at least one completed questionnaire was
available for 80% of patients, and baseline and surgical characteristics were well balanced
between groups, bias due to selective missing data cannot be completely ruled out. It is for
this reason that we examined potential patterns of missing data when fitting the models.
Third, we only analysed data of questionnaires completed up to time of disease progression.
Since the group treated with interval CRS-only progressed significantly earlier, this might
have resulted in further imbalance between arms. Fourth, the observed difference in
appetite-loss between the two treatment arms, should be interpreted with caution because
of multiple testing. Fifth, because questionnaires were not always completed at specific
timepoints, time from randomization to the completion date of each assessment was used
as a continuous variable in the analyses of questionnaires. Therefore, only estimates of
the model (see figure 5.2, 5.3, and 5.4) rather than mean scores at specific time points
could be calculated, thus precluding the possibility of comparing the absolute differences
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between groups. However, the use of mixed model analyses minimized the effect of some
of these methodological limitations (e.g. missing data), and yielded a reliable picture of the
differences in the trajectory of HRQoL scores between the groups over time. The strengths
of this HRQoL investigation lie in its prospective, randomized design with large numbers of
patients. It is, to the best of our knowledge, the first such study carried out in patients with
stage Ill ovarian cancer, comparing HRQoL in patients treated with interval CRS and HIPEC
and in patients treated with interval CRS alone.

In conclusion, this study revealed no clinically relevant differences in HRQoL outcomes over

time between patients with stage Ill ovarian cancer who were treated with interval CRS and
FSW]P"34D"89+5-"80-38-D"6789"748-0H3,"PC'("c7H-4"89-";0-H7+:5,2"0-;+08-D"7/;0+H-/-48"74"
/-D734"0-G:00-4G-?.0--"34D"+H-03,,"5:0H7H3,"6789+:8"7/;370/-48"74"8+a7G782&"89-5-"FCY +d"
analyses lend support to the viability of HIPEC as an important treatment option in this

setting.
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Abstract

Background In the randomized open-label phase IIl OVHIPEC- 1trial, the addition of
hyperthermic intraperitoneal chemotherapy (HIPEC) to interval cytoreductive surgery (CRS)
improved recurrence-free and overall survival in patients with stage Ill ovarian cancer. We
studied the cost-effectiveness analysis of the addition of HIPEC to interval CRS in patients
6789"+H30734"G34G-0(

Methods We constructed a Markov health-state transition model to measure costs
and clinical outcomes. Transition probabilities were derived from the OVHIPEC- 1 trial by
fitting survival distributions. Incremental cost-effectiveness ratio (ICER), expressed as euro
per quality-adjusted life-year (QALY) was calculated from a Dutch societal perspective,
with a time horizon of ten years. Univariable and probabilistic sensitivity analyses were
G+4D:G8-D"8+"-H3,:38-"89-"D-G757+4":4G-0837482(

Results Total healthcare costs were €70,046 (95% Credibility Interval [Crl],
€64,016-€76,661) for interval CRS compared to €85,791 (95% Crl, €78,766-€93,935) for
interval CRS+HIPEC. The mean QALY in the interval CRS group was 2.12 (95% Crl, 1.66-
2.64), and 2.68 (95% Crl, 2.11-3.28) in the interval CRS+HIPEC group. The ICER amounted to
€28,299/QALY. In univariable sensitivity analysis, the utility of recurrence-free survival and
the number of days in the hospital affected the calculated ICER most.

Conclusion Based on the trial data, treatment with interval CRS and HIPEC in patients
with stage Ill ovarian cancer is accompanied by a substantial gain in QALYs. The ICER is
under the willingness-to-pay threshold in the Netherlands, indicating interval CRS and
HIPEC is cost effective for this patient population. These results lend further support for
reimbursing the costs of treating these patients with interval CRS and HIPEC in countries
6789"G+/;3031,-"9-3,89"G30-"5258-/5(
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Introduction
1;789-,73,"+H30734"G34G-0"935"89-"97K9-58"/+083,782"+."3,,"K24-G+,+K7G"8:/+05"74"89-"6-58-04
world. Most patients are diagnosed with International Federation for Gynecology and
R158-807G5"ONScRU"583K-"SSSTRX'®732330('5:0H7H3,"+."6+/-4"6789"3DH34G-D"583K-"

ovarian cancer is 10-15% and did not improve in the past 20 years.? 3"V-5;78-"80-38/-48"

with maximal cytoreductive surgery (CRS) and platinum-based chemotherapy, around 70%

of patients with advanced stage disease relapse within 18 months. Given this high number

of recurrences, new approaches are needed to improve outcomes for these patients.

'"74G-" 89-" ;-078+4-3," 5:0.3G-" 75" 89-" ;07/302" 578-" +." 0-G:00-4G-" 74" +H30734" G34G-0&"
3D/74758-074K" G9-/+89-03;2"D70-G8,2" 74" 89-"31D+/743," G3H782"/3a7/71-5"D0:K" -a;+5:0-("
Local hyperthermia may have a direct cytotoxic effect and may increase drug sensitivity
+."8:/+0"G-,,5("M-";0-H7+:5,2"59+6-D"7/;,0+H-D"0-G:00-4G-?.0--"5:0H7H3,"OCN'U"34D"+H-03,,"
5:0H7H3," OR'U" 69-4" 92;-089-0/7G" 74803;-078+4-3," G9-/+89-03;2" OFSW]PU" 635" 3DD-D" 8+"
interval CRS in the multicenter randomized phase Ill OVHIPEC-1 trial in patients with stage
SSS"+H30734"G34G-0(

For wide implementation of this technique and adequate financial coverage, cost-

effectiveness analysis (CEA) is essential. The objective of this study was to perform a CEA,

calculating the incremental cost-effectiveness ratio (ICER) of treatment with interval CRS

and HIPEC compared to interval CRS for patients with stage Ill ovarian cancer.

Methods

Patents and treatment

The patient data used in the model were extracted from the OVHIPEC- 1trial (chapter 2). In

this multicenter randomized phase Ill trial, 245 patients with stage Il ovarian cancer who

received three neo-adjuvant chemotherapy cycles with carboplatin (area under the curve
h\_Pi"B?A/KU"34D";3G,783a-,"%=B&&/0-"034D+/71-D"8+"0-G-7H-"748-0H3,"PC"6789"+0"
without HIPEC using cisplatin 100mg/m?. One-hundred-twenty-two patients underwent

interval CRS and HIPEC and 123 patients received interval CRS only. Data were available on

the surgical procedure, the administered chemotherapy, hospital stay, additive diagnostic

tests, and complications. Post-operative complications were determined and classified
:574K"89-"P+//+4"Q-0/74+,+K2"P078-073".+0"\DH-05-"]H-485"OPQP\|U"H-057+4"@&"34D"K0+:;-D"
748+"8+a7G782"K03D-"%?#"34D"K03D-"{?B(

Utlity estmates

Patients in the OVHIPEC-1 trial completed health-related quality of life (HRQol)
questionnaires of the European Organization for Research and Treatment of Cancer
(EORTC). No significant between-group differences were observed over time for the
QLQ-C30 summary score in the OVHIPEC-1 trial. The questionnaires in the OVHIPEC-1
trial did not include preference-based questions to obtain utilities. Because of the lack of
mapping algorithms for ovarian cancer to derive utility values from QLQ-C30 results, we
derived utilities from Havrilesky et al. as was previously done for cost-effectiveness studies
74"+H30734"G3MBeBe utilities were based on time trade-off tasks performed by healthy
6+/-4&"6+/-4"6789"+H30734" G34G-0&"34D" 6+/-4";0-H7+:5,2"80-38-D".+0" +H30734" G34G-0("
Nearly all patients were diagnosed with FIGO stage IlI-IV ovarian cancer. The utility for
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disease-free survival of 0.83 reported by Havrilesky et al. is similar to utilities reported by
+89-0"8073,5"74"3DH34G-D"+H30734"G34G-0("N+0"1+89"80-38/-48"30/5" 74" 89-"RXFSW]P?%" 8!
the utility for the disease-free health state from Havrilesky et al. was modified for the

percentage of patients with grade 1-2 and grade 3-4 toxicities, and for the percentage of

patients receiving a colostomy.R'Q9-"075J"+."34"3DH-05-"-H-48"+0"3"G+,+58+/2"635"D-07H-D"
.0+/"89-"RXFSW]P?%"8073,"0831,-"A(%U(

Costs estmates

Q+83,"80-38/-48" G+585".0+/"D73K4+575"8+"0-G:00-48" D75-35-"6-0-"G3,G:,38-D" 135-D" +4" 89-"
80-38/-48"5G9-D:,-"+."89-"RXFSW]P?%"8073,"0831,-"A(%U("Q+83,"G+585"74G,:D-D"G9-/+89-03;2
agents, diagnostic tests, outpatients visits, societal costs, costs for surgery, costs of

hospital admission, costs of admission to the intensive-care unit (ICU), and estimated
9-3,89G30-"G+585"74"G35-"+."8+a7G782("P+585"+."89-"/+58".0-0:-48"K03D-"%"?#" 34D"f?@"-H-4
in the OVHIPEC-1 trial were calculated, taking into account costs for supportive drugs,

re-admission, and diagnostic tests. The number of hospitalization days, diagnostic tests,

outpatient visits, and dosages and schedules for all administered regimens were based on

the trial protocol, as described elsewhere. Costs were determined using multiple sources.

Unit costs for inpatient hospital days, admission to the ICU, and costs for outpatient visits

were derived from the Dutch National Health Care Institute (ZINL) cost manual.”'P+585".+0"

chemotherapy and supportive drugs (i.e. analgesia and anti-emetic drugs), were derived

from the Dutch online database for therapeutic agents.® Costs for imaging modalities,

laboratory tests and pathology review were determined using the maximum tariffs set by
89-"V:8G9"F-3,89G30-"\:89+0782"0)k3U" P44 Ikastimation of the surgery costs, we

used the mean costs for CRS for a patient with ovarian cancer in 2017 in the Netherlands,
35"0-;+08-D"12"89-"V:8G9"F-3,89G30-"\:89+078Z' S 4 hospitalization days were

reported separately. Costs for surgery with HIPEC were based on the prolonged duration

of surgery, use of additional material and equipment, and personnel costs. Societal costs

were calculated using data from the ZINL cost manual and data provided by Statistics

)-89-0,34D5( 1! The period of production loss was calculated using the friction costs

method for predicting the replacement time for a sick employee.” ' Q9-"3H-03K-",31+0"

costs per working day were determined using the weighted average labor costs of full-time

and part-time employees in the Netherlands. The friction costs are assumed to be 80% of

wage costs. Costs for colostomies were based on internal cost calculations, and the ZINL

G+58"/34:3( Treatment of the most frequent CTCAE grade 1-2 and grade 3-4 toxicities
6-0-"135-D"+4",+G3,";0+8+G+,5&"34D"355+G738-D"G+585"6-0-"D-07H-D".0+/"89-"V:8G9" +4,74-"
database for therapeutic agents.?'\,,"G+585"6-0-"0-807-H-D"74"#$%="]:0+5&"+0"G3,G:,38-D"8+"
2017 Euros by inflation rate using the Consumer Price Index.*

011
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Table 6.1. Treatment costs per patient
Unit cost  Units Costs S.E. Subto.  Distri. Ref.

tal bution
(€) (€) (€)
(€)
Healthcare costs for both treatment groups
Chemotherapy (6 cycles)
Carboplatin (AUC 5-6) + pacli?  V'"%&S$A@ A %8,566 N7a-D >
83a-,"0%=B"/KTfo
V32G30- v'f%B A ?"1,893 N7a-D =
Diagnosticsp
d31+038+02 7572 N7a-D <
C3D7+,+K2 22,623 N7a-D <
W389+,+K2 V<<% % ?'991 N7a-D <
Outpatient visits and follow-up
Consultations V'H#%$  %f 22,724 N7a-D =
Others§ V'e# = 2297 N7a-D =
Societal CostsE ?2'4,359 N7a-D =&%$

Other Healthcare costs included in the model, for both treatment groups

Toxicityoo
Q+a7G782"c03D-"%"?# 7'80 v'> c3//3 n"
=&>
Q+a7G782"c03D-"f?@ 74,200 V'@#$ c3//3 n"
=&>
P+,+58+/2 78,400 V'>@% c3/13 n"
Costs for treatment and sub. 739,000 V'f&<$$ c3//3 n
sequent care of disease recur. =&>
rencepp
010
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Table 6.1. Treatment costs per patient - continued

Unit cost  Units Costs S.E. Subtotal Distribu- Ref.
tion
(€) (days) (€) (€) (€)
Interval CRS
(standard treatment arm)
Surgery( 29,000 V'<$$ c3/13 I
Inpatient stay perioperative
M30D"5832 V'>HB  >(@ 76,934 N7a-D" =
478"
G+585
SP_"5832 V'#&B<%$(>B ?22,202 N7a-D" =
478"
G+585
Subtotal 218,136
Interval CRS and HIPEC
(intervention arm)
Surgeryq 718,000 € 1,800 c3//3 1!
Therapeutic agents during ?1,507 V'%B%
HIPEC**
Inpatient stay perioperative
M30D"5832 V'>HB %% 29,080 N7a-D" =
478"
G+585
SP_"5832 V'#&B<%#($B ?5,311 N7a-D" =
478"
G+585
Subtotal 233,898

Costs are expressed in 2017 Euros. SEs for the costs were derived from internal cost calculations or estimated at
a percentage of 10%.

* Assumes mean body surface area of 1.7 m# a weight of 70 kg and a glomerular filtration rate of 75 ml/min
O'Includes materials and pre-medication (dexamethason 8 mg, clemastine 2 mg, and ranitidine 150 mg)

¥ Consists of costs for multiple blood sample evaluations, CT-scans, ultrasounds, X-rays, and the pathological
analyses of biopsies and resection specimen. Because costs for laboratory tests and for radiology modalities were
KO0+:;-D&":4785"G+:,D"4+8"1-"K7H-4(

§ Among which consultations by physiotherapists and dieticians

| Calculated with the following formula: = Friction period™a"/-34"6+0J74K"9+:05% production costs*'a"/-34"
participation” x percentage of patients <65 yearq"W07G-";-0":478"G+:,D"4+8"1-"-a;0-55-D

9 Consists of costs for anesthetic care and diagnostics, cytoreductive surgery including abdominal uterus
extirpation, removal of adnexa, omental tissue and, peritoneal disease, and an estimation of costs for surgical
time, personnel costs, and in case of HIPEC costs for disposables and use of the HIPEC perfusion system
** Consists of costs for cisplatin and sodium thiosulfate

00 Costs for treatment of toxicities as reported previously in the OVHIPEC-trial

1+ Estimated costs for care at the event of recurrent disease, based on treatment with standard chemotherapy

§§ Based on internal calculation

012
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Outcome probabilites

Survival data were extrapolated directly, using the exact patient-specific dates for disease
recurrence and death from all patients included in the OVHIPEC-1 trial. The following
parametric survival models were fitted: the Gompertz, exponential, log-logistic, log-
normal, and Weibull distributions, according to the UK National Institute for Health and
P30-"]aG-,,-4G-"0)SPJU"V-G757+4"";;+08"_478"0V'_U"K‘2D{3=EH5(+4"89-"\J37J-"
information criterion (AIC), visual comparison of the estimated parametric survival models
and Kaplan-Meier plots of the data, and clinical knowledge of experts in our institute, the
best model was selected (supplementary material, tables S6.1 and S6.2, and figures S6.1
and S6.2).The log-logistic distribution showed the best fit and was used for estimating
survival and hazard rates of the observed 5-year follow-up period and for extrapolation
beyond the observed time (supplementary material, figures S6.1 and S6.2). Standard errors
of the estimated rates were obtained with 1000 bootstrapped samples. Probabilities for
CN™"34D"R"'B0";-0"G2G,U®-0-"G3,G:,38-D":574K"93130D"@38+H'@N" 34D"R"'D-07H-D"
from the log-logistic model, using the following equation: B= 1-exp(-&U(

?"&V5E(?5@%*

To calculate the incremental mean costs and quality adjusted life years (QALY)-difference

between the two groups, we used bootstrapping with 1,000 replicas representing women

at an age of 60, to derive an estimate and 95% confidence interval (Cl) for each treatment

arm. The chosen age was based on the mean age of patients in the OVHIPEC-1 trial. For
-3G9"80-38/-48"30/&" 0-;,7G35"-48-0-D" 89-"/+D-," 38" G2G,-"$&" 34D" 0-/374-D" 74" 89-"53/-"
9-3,89"5838-"+0"80345.-00-D" 1-86--4" 9-3,89" 5838-5" 38" 89-"-4D" +."-3G9" G2G,-&" D-;-4D74K"
on probabilities for RFS or OS. Life years (LY) were calculated for both treatment arms.

Subsequently, QALYs for both treatment arms were calculated based on probabilities
+0"CN'&"D75-35-"0-G:00-4G-&"KO3D-"%?#"8+a7G782&"KO3D-"f?@" 8+a7G782&" 34D" G+,+58+/7
corresponding utilities and disutilities (table 6.2).45¢"\,,"G+58"34D"+:8G+/-"D383"6-0-"D75?

counted at a rate 4% and 1.5% per year respectively, according to the Dutch guidelines.”**"

We assumed that all patients with recurrent disease, regardless of treatment arm, would
1-"80-38-D"3GG+0D74K"8+"G:00-48"80-38/-48"K:7D-,74-5("Q9-";07/302"+:8G+/-"+."89-"/+D-,"
was the incremental cost-effectiveness ratio (ICER). The ICER was calculated by dividing the
/-34"74G0-/-483,"G+585&"12"89-"/-34"74G0-/-483,"Y\d(

Sensitvity analyses

We performed a series of sensitivity analyses to evaluate the robustness of the model
and to address uncertainty in the estimation of variables. To determine which of the input
parameters had the largest impact on the cost-effectiveness of interval CRS and HIPEC, one-
way sensitivity analyses were performed, showing the effect of a deviation of 20% of each
74D7H7D:3,"/+D-,?74,:8"303/-8-0"+4"89-"SP]C("C-5:,85'6-0-'D758071:8-D'74"3"8+043D+"D73K03/(
A probabilistic sensitivity analysis (PSA) was carried out using a Monte Carlo Simulation, in
which the simulation of 1,000 patients per treatment arm is repeated a thousand times.
Gamma distribution was used for cost parameters, and beta distribution for parameters
bounded between 0 and 1 (table 6.1). The corresponding ICERs for each of the iterations
were illustrated in a cost-effectiveness plane. Cost-effectiveness acceptability curves (CEAC)
were constructed to demonstrate the probability of cost-effectiveness. In CEAC-analysis,

014
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the “willingness to pay” (WTP) threshold for a certain health benefit is set against the
;0+1317,782"+."4+8"10-3G974K"89-"890-59+,D("S4"89-")-89-0,34D5&"89-"74.+0/3,"890-59+,D".+0"
89-"MQW",7-5"38"v>$&$$$";-0**Y\dl

To show the effect of increasing costs in the relapsed setting, a scenario analysis was

performed using estimated costs of treatment with carboplatin-gemcitabine-bevacizumab,
34D".+0"80-38/-48"6789"/3748-434G-"W\CW?7497178+05".+0"97K9?K03D-"5-0+:5"D75-35-(

Table 6.2. Survival and outcome probabilities and health-state utilities

),3 S.E. Distribution Reference
Probabilities interval CRS (standard treatment)
Q+a7G782"cO3D-"%T# $(=% $(%$@ [-83 @
Q+a7G782"c03D-"fT@ $#B (%@ [-83 @
P+,+58+/2 $(%% $($f [-83 @
SP_"5832"0D325U $>B $#B c3/13 @
F+5;783,"630D"5832"0OD325U >(@ $(f< c3/13 @
Probabilities interval CRS and HIPEC (investigational treatment)
Q+a7G782"cO3D-"%T# $(=% (%@ [-83 @
Q+a7G782"c03D-"fT@ $H= $s@ [-83 @
P+,+58+/2 $(%= $($f [-83 @
SP_"5832"0D325U #($B $(@% c3/13 @
F+5;783,"630D"5832"0OD325U %%($$ %(%% c3//3 @
Health-State Utilities for both treatment groups
C-G:00-4G-?.0--"5:0H7H3, $(>f $($A [-83 B
Q+a7G782"K03D-"%?# $(A$ $($> [-83 B
Q+a7G782"K03D-"f?@ $(@< $($< [-83 B
C-G:00-48"D75-35-&"8+a7G782"K0O3@2 @ $($< [-83 B
Stoma Disutility ?$(%% $($B [-83 A

Standard errors (SE) belonging to the utilities were calculated using reported standard deviations and sample sizes.
SEs for survival probabilities, complication rates and hospitalization days were derived from the OVHIPEC-trial.

015
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Results

Patents and survival

Demographic and baseline characteristics, treatment information, and patient outcome
data of patients in the OVHIPEC-1 trial are shown in chapter 2. The hazard ratio (HR) for RFS
or death was 0.66 (95% Cl, 0.50 to 0.87; P = 0.003). The HR for OS was 0.67 (95% Cl, 0.48
t0 0.94; P=0.02)."

,"-%0($"-%(&%-6*.-

The mean total healthcare costs of interval CRS and HIPEC were €85,791 (95% Credibility

Interval [Crl], €78,766-€93,935) compared to €70,046 (95% Crl, €64,016-€76,661) for

interval CRS, resulting in a mean incremental costs of €15,745 (95% Crl, €5,829-€25,927)
69-4"3DD74K"FSW]P("Q0-38/-48"6789"748-0H3,"PC"34D"FSW]P",-3D"8+"/-34",7.-"2-305"OdIU"+."
5.07 (95% Crl, 4.80-5.34) compared to a mean of 4.07 (95% Crl, 3.83 -4.33) LY for patients
80-38-D"6789"748-0H3,"PC"'+4,2("Q975"0-5:,8-D"74"G+585";-0"dl"K374-D"+."v%B&=@A"69-4"3DD7
HIPEC. Adjusting for HRQoL, the mean QALYs in the interval CRS and HIPEC group was 2.68

(95% Crl, 2.11 -3.28), whereas the mean QALYs in the interval CRS group was 2.12 (95% Crl,

1.66-2.64). This resulted in an incremental cost-effectiveness ratio (ICER) of €28,299/QALY

over the first five years for patients treated with interval CRS and HIPEC.
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Incremental Effectiveness in QALYs
« Probablistic Sensitivity Analysis run # Mean Cost-Effectiveness —\WTP = € 80,000

N7K:0-"A(£6st-effectiveness plane for the incremental costs in euros compared with the incremental effectiveness
in quality-adjusted life-years (QALYs), treatment with interval cytoreductive surgery, and hyperthermic
intraperitoneal chemotherapy compared with treatment with interval cytoreductive surgery. Costs are expressed
74"#$%="-:0+5"0vU("Q9-"67,,74K4-5578+7?;32"OMQWU"890-59+,D"+."v>$&$$3$";-0"Y\d"75";7G8:0-D(
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N7K:0-"A(f{ost-effectiveness acceptability curve showing the probability of interval cytoreductive surgery (CRS)
and hyperthermic intraperitoneal chemotherapy (HIPEC) being cost effective given a certain willingness-to-pay
890-59+,D";-0"g:3,782?3DL:58-D",7.-?2-30"74"-:0+5"OvU("P+585"30-"-a;0-55-D"74"#$%="-:0+5(

Probabilistc sensitvity analysis

The ICERs for the 1000 samples in the probabilistic sensitivity analysis are shown in the

scatter plot (figure 6.2). Eighty-three percent of the points were under the €80,000-per-

QALY level, and 92% of tested ICERs are in the northeastern quadrant. The cost-effectiveness

acceptability curve is shown in figure 6.3 for varying values of WTP per QALY.

Results for the additional treatment scenarios after disease recurrence are listed in
831,-"A(f("M789"89-"74G0-35-"+."G+585".+0"89-"80-38/-48" +."0-,3;5-D"+H30734"G34G-0&"/-34"
incremental costs for initial treatment with HIPEC decreases, resulting in decrease of the
G3,G:,38-D"SP]C(

Univariable sensitvity analysis

The results of the univariable sensitivity analysis are shown in the tornado diagram (figure
6.4). The parameters with the greatest influence on the ICER were the utility for RFS, the
number of hospitalization days, and the utility for recurrent disease with grade 3-4 toxicity.

Even with a broad variation in range for each parameter, the ICER remained below €33,000
;-0"Y\di(

01l
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Table 6.3. Base case results for initial treatment with interval CRS and HIPEC, and scenario analyses calculated for different treatment
58038-K7-5".+0"0-,3;5-D"+H30734"G34G-0

Treatment strategy for recurrent disease Total treatment costs (95% Crl) Effectiveness

mean cost esti. interval CRS interval CRS+HIPEC Incremental costs Incremen. | ICER (€/QALY)
mation tal QALY

Standard chemotherapy vi<&$$H($¢ v=3$&$@A v>B&=<b v%B&=@B $(BA VH>& <<

OVA@&$WA?V=A&ALME>&=AA?V<f&<fBU OVB&>#<?v#B&x#=U

Bevacizumab for plati. VASESSS (S v>B&=<E VY%PY&HE= V%B&@=< $(BA VH=8&>>#

num sensitive recurrent Ov=A&AB@?v<AR@=<U

disease Ov<%&@ @#?v% %% &BBIE>(BB?v#<&%0B%U

Maintenance PARP in. VU $SESSS($S V%%A& @B Vo%i%E&#JH# VY% @&=AA $(BB VHA&><A

hibitor for high-grade

serous recurrent disease OVv%$%&A$@ ?v%0of# @AW AL=<$?v% @ =&>OND>&$<$?vi=&#$>U

01!
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Discussion

We performed a CEA of treatment with interval CRS and HIPEC in patients with stage Il

ovarian cancer, who were ineligible for primary cytoreductive surgery. Treatment with

interval CRS and HIPEC resulted in a high incremental QALY benefit. In the randomized
RXFSW]P?%"8073,&"3DD74K"FSW]P"8+"748-0H3,"PC";0+,+4K-D"R"12"%%(>"/+4895&"34D"74G0-
costs by €15,745. For all scenarios tested in the univariable sensitivity analyses, the ICER
0-/374-D"1-,+6"vif&$$$";-0" Y\d("Q9-"W'\"0-H-3,-D"8938"89-";0+1317,782"+."748-0H3,"PC"

and HIPEC being cost effective was 83% for the Dutch WTP-threshold of €80,000 per QALY.
[35-D"+4"89-5-"D383&"80-38/-48"6789"748-0H3,"PC"34D"FSW]P".3,,5"678974"89-"3GG-;8-D"H3,:-5"
for cost-effective incremental costs of care in the Netherlands.

Q9-"MQW?890-59+,D5"H302"3G0+55"G+:4807-5&"34D"K-4-03,,2"30-"135-D"+4"89-"/30J-8"H3,:-"+."
goods and services of a country, expressed in per-capita Gross Domestic Product (GDP) or

the Commission on Macroeconomics and Health’s corresponding estimate of the economic

H3,:-"+."3"Y\dI®® Interventions that cost less than three times GDP per-capita are generally

considered cost effective.'® The National Institute for Health and Care Excellence (NICE) in
14K,34D"34D"M3,-5":5-5"3"034K-"+."w#SES&$BS";-0" Y\dI" Ov##& $$$vIf&$$$" 74" #$% @"

-:0+5U( In the United States, ranges have been recommended but have not been officially

3D+;8-D" 34D" 0-/374" 5:1L-G8" +." +4K+74K" D-138-e" 1+89" 3" 034K-" +." x#$&$$$?" x%$$&$$$"
Ov%B&$SSV=B&SSIUL" 34D" 3" 890-59+,D" +." XxB$&$$$" OVIA&S$$I"B0IIIBEBIB5-D(

could support implementation and coverage decisions in countries with similar health care

systems and expenditure ranges. Depending on the difference in treatment strategies and

associated costs, the substantial gain in QALYs and the incremental costs demonstrated
9-0-"/7K98"4+8"80345,38-"748+"57/7,30"0-5:,85"74"3,,"G+:4807-5(

Few observational and retrospective studies report the cost-effectiveness of the HIPEC

;0+G-D:0-t>% Study populations in these reports vary considerably precluding their

comparison. Our results provide the first evidence of HIPEC being cost-effective, based on

data from a randomized controlled trial. The additional costs associated with HIPEC mainly

result from the increased duration of surgery, the capacity of the operation room, and

prolonged hospitalization including an additional day on the ICU (table 6.1). These costs

were estimated based on internal costs and open sources in the Netherlands, but may vary

across hospitals, countries, and over time. Treatment might deviate from the standardized
;0+8+G+,5"5-D"8+"D-57K4"89-"/+D-,("S4"89-"RXFSW]P?%"8073,&"FSW]P"635";-0.+0/-D"74"9+5;783,E
with expertise in performing HIPEC for patients with gastro-intestinal malignancies. Volumes

and experience of the surgical team could influence the complication rate. The various
G+58"-,-/-485" 0-,38-D" 8+" 89-"FSW]P" ;0+G-D:0-"/7K98" H302" 1-86--4" G+:4807-5&" 3,89+:K9"
89-";0+G-D:0-"75"6-,,"D-5G071-D"34D" G34"1-"-a-G:8-D"6789" 3" 97K9" D-KO--" +.":47.+0/782("
Treatment with interval CRS and HIPEC results in fewer disease recurrences, resulting in a

decline of the ICER when additional costs after disease recurrences rise (table 6.3).”'c7H-4"

this, treatment with interval CRS and HIPEC will be cost-effective when combined with

other costlier treatment strategies in the relapsed setting.?®

Our study has some limitations. First, surgery costs, the number of diagnostic tests, the
administered regimens and associated costs, and costs for toxicities and recurrences used

001
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in our analyses were based on assumptions. Second, the questionnaires used for the HRQoL
analyses are not directly translatable to health-state utilities. Mapping algorithms might
be used to derive utility values from QLQ-C30 results, but existing mapping algorithms
have been tested and validated in different cancer populations, without sufficient overlap
with patients with ovarian cancer.?”?® In the absence of disease-specific validation, the
mapping technique may lead to a bias of unknown magnitude and direction. Thus, we used
previously reported utilities for each health state, and for subsequent toxicities in both
treatment arms. These utilities were based on a small sample, resulting in a relatively large
degree of uncertainty in the PSA and a relatively low median cost-effectiveness probability
(figures 6.2 and 6.3). The univariable sensitivity analysis, however, shows that the ICER
remains below €33,000 per QALY with a potential variance in utilities of 20%. A more
adequate estimation of the health-state utilities, preferably based on prospective use of
the EuroQol-5-dimension (EQ-5D) questionnaire, would have resulted in less uncertainty,
and thereby a higher cost-effectiveness probability.®° Currently, an implementation study of
OVHIPEC in the Netherlands is being conducted in which patient-specific utilities are being
obtained prospectively. To validate these results additional trials are warranted, collecting
data on patient-specific utilities, costs, and outcomes, so that the level of uncertainty
decreases. Nevertheless, the OVHIPEC-1 trial provides unbiased estimates of the RFS and
OS probabilities, the incidence of toxicities, and important treatment characteristics, such
as hospital stay, and duration of the surgical procedure.

In conclusion, this CEA demonstrated that, based on the trial data, the addition of HIPEC to

interval CRS results in a substantial gain in QALYs in patients with stage Ill ovarian cancer.

The ICER compares favorably to the current WTP-threshold in the Netherlands. This finding

,-4D5" .:089-0"5:;;+08" .+0" 0-7/1:0574K" 80-38/-48" 6789" 748-0H3," PC™ 34D" FSW]P" .+0" 89-5-"
patients in countries with similar health care systems.
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Supplementary files chapter 6

Table S6.1. Fitting of parametric survival models for overall survival

6!& 6!& #)0, #)0, Model Model
parameter parameter

% % % %
Interval Interval Interval Interval Interval interval
&9" CRS + &9" CRS + &9" CRS +
HIPEC HIPEC HIPEC

Gompertz #<f&HWA  HO@>8%>@@Q@E&H#<<>B ?@&>$B@BS&SY>fH#> $&PY<<@<
Exponential #<=&AfA= #BH#EH@A< f&>>>#f# @&f%#%B

Loglogistic ~ 292,5543 243,1616 3,520574 3,869327 0,580489 0,562621
LogNormal f$B&=#BB #@A&B#% f&B#@=f% f&><><#> WE&WB@A%< %&$@B>f
Weibull #<P&>B># #@ @EHAPH< I&>H%=%< @EWI$S@# %&B<<<%  %&@=<fA<

Table S6.2. Fitting of parametric survival models for recurrence-free survival

6!& 6!& #)0, #)0, Model Model
parameter  parameter

% % % %

Interval Interval Interval Interval Interval interval

&9" CRS + &9" CRS + &9" CRS +

HIPEC HIPEC HIPEC

Gompertz f%$8=<=# %>&f@< ?2#&>@>ff ?2f&%<#% $&$S@B# $&$$%>>%
Exponential f$<&P<># fWHAK@$<> #&=<B@<A f&%Af<#%
LoglLogistic 258,9284 292,9522 2,44863 2,74987 0,399296 0,509325
LogNormal HA@EY@A< #<f&%%< #E&@<WA=A#&=>$%B< $&=###># $&>>F>@%
Weibull #<A&#B#H= {%%&HPA H#HE&>@>A<@T&%==>A# %&I@ Q@=AY6&H#BS=<#
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LogLogistic survival function

OS survival function
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Figure S6.1. Log-logistic overall survival functions with cumulative overall
5:0H7H3,"G:0H-5".+0"1+89"80-38/-48"30/5
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OS hazard function

4 5 6 7 8 9 10
Follow-up time

o -
=
[
w

® CRS
® CRS+HIPEC

Figure S6.2. Log-logistic overall survival hazard functions for both treatment
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Validation of an algorithm-based

BRCAT-like classifier for ovarian cancer
patients
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Abstract

Background About 50% of high-grade serous ovarian tumors are depending on error-
prone DNA-repair mechanisms due to germline or somatically acquired mutations in the
homologous recombination pathway. Identifying homologous repair deficiency (HRD)
tumors is increasingly relevant for treatment selection. An algorithm-based BRCA1?,7J-"
ovarian cancer classifier was developed to assess HRD. We validated this classifier within
89-"RXFSW]P?%"G+9+08(

Methods Two-hundred samples derived from patients in the OVHIPEC-1 trial were
analyzed using next-generation sequencing to generate copy-number variation (CNV)
profiles and panel sequencing for HRD-related pathogenic mutations, including BRCA1/2("
BRCA1 promotor hypermethylation was assessed using multiplex PCR. The CNV profiles
were categorized according to the previously developed algorithm-based classifier as(FCV"
+0"4+4?FCV(

Results Ninety-one samples were identified as BRCA1-like (45.5%). Over 50% of
89-"BRCA1-like tumors carried mutations in BRCA1,"BRCA2&"+0"+89-0"FCV?0-,38-D"K-4-5&"
+0" 93[BRCA1 promotor hypermethylation. Of the 17 BRCA1"/:838-D" 8:/+05&" %="6-0-"
classified as BRCAl-like (sensitivity 100%).

Conclusion Q9-"BRCA1-like ovarian cancer classifier is able to identify tumors
harboring HRD related mutations, including BRCA1/2 mutations with high sensitivity, and
can be an effective tool for selection of HRD tumors.
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Introduction

Double-strand DNA breaks (DSB) are strongly associated with cancer susceptibility because
89-2"30-";0+4-"8+"135-?;370"/75/38@3¢ of the mechanisms for reparation of DSB is
homologous recombination. During homologous recombination, resection of the DNA ends
generates single-stranded DNA. The single-stranded ends are bound by replication protein
\" OCWALBRCA1&BRCA2&RAD51" 34D" 785" 9+/+,+K5(Hereditary or somatic mutations
in BRCA1, BRCA2 or related genes in the homologous recombination pathway cause
homologous recombination deficiency (HRD). HRD results in activation of error-prone DSB
0-;370"/-G93475/5"5:G9"35"4+49+/+,+K+:5"-4D"L+7474K&" ,-3D74K"8+"K-4+/7&*7458317,782(
Up to 50% of patients with high-grade serous ovarian cancer are HRD due to germline or
somatically acquired BRCA1 +OBRCA2 mutations, epigenetic inactivation of BRCA1TBRCA2"
or other independent defects in the homologous recombination pathway.>©

Selecting the HRD tumors is increasingly relevant for treatment selection. A DNA copy

number variation (CNV) profile generated by comparative genomic hybridization (CGH) can
D75;,32"K3745"34D",+55-5"+H-0"89-"K-4+/-("\"G+/;:8-0?135-D"3,K+0789/'635"D-H-,+;-D"8+"
0-G+K471-"89+5-"8:/+05"8938" GRR2AB like genomic scar. This classifier was used to
G,3557.2"8:/+05"748+"1BREK1?,7J-"+0"4BREA1-like, based on the CNV profile derived
data.(14-18) Recently, this ovarian cancer classifier was validated on a large dataset.”'F-0-&"

we present the results of the validation of the BRCA1-like ovarian cancer classification
678974"89-"RXFSW]P?%"8073,("

Methods
We analyzed available tissue samples from patients in the OVHIPEC-trial.° All patients
included in this analysis gave written informed consent for biomarker research.

DNA isolaton

Formalin-fixed paraffin-embedded (FFPE) tissue was collected at three time points: 1)
before neo-adjuvant chemotherapy; 2) during interval CRS before the administration of
HIPEC; and 3) at disease recurrence. After central review by two specialized pathologists
(KVV, JS), DNA was isolated from FFPE tumor samples containing more than 30% tumor
cells, using Qiagen AllPrep DNA/RNA kit. One sample per patient was selected for each
patient.

Low coverage next generaton sequencing

All available DNA samples were sequenced low coverage, to distinguish amplifications

or deletions on a minimal resolution of 20kb. The amount of double-stranded DNA

was quantified using the Invitrogen™ Qubit™ dsDNA HS Assay Kit (Fisher Scientific Ltd,
d-7G-58-05970-&" *U"34D".03K/-48-D"8+",-4K895"+."31+:8"%A$"135-";3705":574K"3"P+H3075&"89-
purified using 2x AMPure XP beads (Beckman Coulter, cat no A63881). The DNA library

was adapted for sequencing using the KAPA HTP library prepartation kit (KAPA Biosystems,
*>B$@U("'3/;,-5"6-0-"5-g:-4G-D"574K,-?0-3D" AB" 135-";370&" %f?%@"53/;,-5";-0",34-&" +4"
34"S,,:[743"F7'-g#B$$("C-3D5"69-0-"3,7K4-D"3K37458"89-"cCP9If>"0-.-0-4G-"K-4+/-":574K"
[M\"$(=(%=&"/-/"3,K+0789/("C-3D5&";-0"#$J1"+4"89-"K-4+/-&"6-0-"G+:48-D"34D"G+/;30-D"
against reference-based, predicted mappability, gc correction took place and this yielded

the 2log ratios for analyses.

020
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BRCA1-like classifcaton

CNV profiles were classified as BRCA1-like (HRD) or non-BRCA1-like (non-HRD), using
a previously trained, shrunken-centroids classifier specific for ovarian cancer patients.
(unpublished) Briefly, the 20kb resolution copy number profiles were mapped to the 1
MB resolution input for the classifier. The 2log ratios were averaged per 1MB, centered
and scaled to conform the next-generation sequencing data to the oligonucleotide array
CGH data, the classifier was trained on. This correction is similar to quantile normalization,
and was performed by fitting a linear regression model with gaussian distribution and the
identity link function using the glm R function to the sorted location-wise average of the
8037474K"5-8"34D"8+"8975"D3835-8("Q9-"G-48-074K"+."89-"G:00-48"D3835-8"75"89-4"G+00-G8-
subtracting the alpha coefficient of the model. Subsequently the scaling is corrected by
multiplying by the beta coefficient. The 1 MB mapped, platform-corrected samples are
subsequently segmented using the uniseg function from the cghseg R package, and are
classified with the pamr R package.® **"Q9-5-"/-89+D5"6-0-"7/;,-/-48-D" 74" 3";7;-,74-"
package, which can be run in a created docker image. The classifier assigns a discriminative
score, between 0 (non-BRCA1-like) and 1 (BRCA-like), to any new DNAcopy number profile.
The previously validated cutoff value of 0.5 was used for these analyses.

Panel mutatonal sequencing
\,,"V)\"53/;,-5"6-0-"G-4803,,2"343,2]-D"74"34"3GG0-D78-D",31+038+02"OP-48-0".+0"N3/7,73,"
Breast and Ovarian Cancer, Cologne, Germany) using targeted next generation sequencing

(NGS) covering the entire coding regions and exon-flanking sequences (+15nt) of BRCA1
(NM_007294.4), BRCA2 (NM_000059.3), and 25 non-BRCA1/2 cancer predisposition genes
O\QM&"NY$$$$BY% (fe" \CVA%&") y$$$@AB(@e"[CSW%&" ) 'y$#HI@f(fe"PVF%&" ) y$S@fAS(Be"
PF*#&" Y'y$$=%<@(@e" N\"%=B\&" )"y%f<$=A(fe" NP &" Ny$#$<f=(@e" "dF%&"
Ny$$$H@<(fe" "Cl%%\&" )'y$$BB<%(fe" NFHE" ) 'y$3$#B%(He" NFAL" ) y$$$%=<(#e"

N QIF&" )Ny$$%%#>@#B(%e" )N&" )'y$$#@>B(@e" )N%&" )'y$$%@#@<#(#e" W\I[#&"
NY$HE@A=B(@e" WN#&" )'y$$SBIB(Ae" WQ)&" )'y$$$fh@(>e" C\VBS&" )'y$$B=f#(@e"
C\VB%P&" Y'y$B>#%A(fe" C\VB%V&" )'y$$#>=>(fe" C]PYd&" "y$$#<$=(fe" '""CP\@&"
y$$%%H>>@<(%e" 'Q*%%&" ) 'y$$$@BB(Be" QWBT&" ) 'y$$$B@A(Be" MCPP#&" ) y$$B @ % (#U(
O#3$&"#%U"N+0")c'&"6-"-/;,+2-D"3"G:58+/-07837,+0-D"":0-"-,-G8"K-4-";34-,"O\K7,-48&"'3483"
Clara, U.S.). Sample preparation was performed using the SureSelect XT Low Input Reagent

Kit (Agilent) and SureSelect XT HS and XT Low Input Enzymatic Fragmentation Kit (Agilent)

with 70 ng of input DNA. Sequencing was performed on a NextSeq500 platform (lllumina,
'34"VT7-K+&"_('(U":574K"89-")-a8'-gB$$TBB$""7D"R:8;:8"*78"H#(B"0OS,,:/743U(

Bioinformatic analyses were carried out using the SeqNext module of the SeqgPilot Software
Package, Version 5.1.0 Build 503 (JSI medical systems GmbH, Ettenheim, Germany). The
filters were selected in such a way that only variants at positions which were covered by
at least 50 total reads and a variant fraction of at least 5% of the Fwd and Rev reads were
recorded. Variant classification was performed in accordance with the regulations of the
international ENIGMA consortium (https://enigmaconsortium.org) as previously described
in detail.(22) All genetic variants were classified using a 5-tier variant classification system
as proposed by the International Agency for Research on Cancer (IARC) Unclassified Genetic
Variants Working Group, namely, deleterious=class 5, likely deleterious=class 4, variant of
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uncertain significance (VUS)=class 3, likely benign=class 2, and benign=class 1. Class 4/5
germline variants were subsequently defined as “mutations”.

BRCA1 promotor hypermethylaton Multplex ligaton-dependent probe amplifcaton

L?;/N

The BRCA1 promotor methylation status was determined using the MEOQO1 kit (Version D3,

MRC Holland, the Netherlands) using manufacturers protocol. The optimal input was 80ng
D5V)\"OY:178"135-DU&"/747/:/"74,:8"635"#B4K"D5V)\("\,,"53/;,-5"6-0-"D7,:8-D"74"3"Q075?
EDTA buffer (10:0,1).

Germline mutatonal status

Germline mutational status (gBRCA1 mutation, gBRCA2 mutation, no pathogenic g,0!
mutation or status unknown) was derived from the clinical patient files. In addition, we
crosslinked the OVHIPEC patient-set with the national hereditary breast and ovarian
cancer (HEBON) database to obtain additional hereditary information and germline BRCA
status. For patients with a sequenced tumor ,0!' mutation and a reported germline
mutation, the sequenced variant was assigned to the germline status. Sequenced tumor
,0"  mutations in the absence of a known germline mutation were labelled as somatic
mutations, irrespective of the mutation/variant allele frequency.

Statstcs

All randomized patients from the OVHIPEC-1 trial are included in these analyses if a BRCA1?

like profile could be determined. Baseline and treatment characteristics are presented
34D"G+/;30-D".+0"8BRCA1?,7J-"34D"4-BRTA1-like groups. The mutational background

and BRCA1 promotor hypermethylation status of the BRCA1?,7J-"34D"89-"4BRCA1?,7J-"

profiles are graphically displayed. All analyses were performed using R-statistics (R 3.6.3 7
c_S"%(=$U(
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Reviewed reports on tissue samples:

533 (of 245 patients)
Sample dropout (156):
o |-81 cytology
"1-63 requested but never retrieved
-12  without consent for biomarker research
y
A 4
Collected samples: Patient dropout:
377 (of 234 patients) -5  patients with no material
-6 patients withdrew consent
o | Dropout samples:
"1-100 TCP too low
o | Dropout samples:
"|-19 DNA concentration too low
\ 4
Isolated DNA samples:
258 (of 201 patients)
-64 pre-treatment biopsies (pTB)
-178 interval debulking samples (IDB)
-16 recurrence samples (rec)
Dropout samples:
(-1  double biopsy
-1 sample failure
\ 4
200 patients:
Sufficiant for analvess: -126 patients with only IDB sample
. -41 patients with pTB+ IDB sample
22? sar:::e: (Of_z_m p?.tlenfs) »|-19 patients with only pTB
-177 interval debulking samples AL s wth IDBSsecsanne
-3 patients with pTB + IDB + rec sample
-16 recurrence samples 2 ;
-2 patients with pTB + rec sample
-2 patients with only rec sample

v

Best sample selected for analysis:
NGSeq for CNV profiles:

200 samples (of 200 patients)
-24 pre-treatment biopsies
-172 interval debulking samples
-4 recurrence samples

A4 i

NGSeq for CNV profiles: Mutational panel:

200 samples (of 200 patients) 190 samples (of 190 patients)
-24 pre-treatment biopsies -23 pre-treatment biopsies
-172 interval debulking samples -163 interval debulking samples
-4 recurrence samples -4 recurrence samples

I'#$%&F)YKEAKZd }( Y eopr E]JA E A J]o Jo]sC

=>?
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Table 7.1. Baseline characteristics of BRCA1?,7J-"H5("4BRRA1?,7J-"8:/+05

Non-BRCA1-like BRCA1-like p-valuet
N=109 N=91
Histological type (%) $($<@
"?"97K9?K03D-"5-0+:5 <# (84%) >A (95%)
"?",+6?K03D-"5-0+:5 B (5%) % (1%)
"?"G30G74+530G+/3 B (5%) $
"?"G,-307G-,, f (3%) % (1%)
"?"97K9?K03D-"-4D+/-807+7D % (1%) % (1%)
"?"97K9?K03D-"/:G74+:5 % (1%) % (1%)
"?",+67K03D-"-4D+/-807+7D # (2%) $
- metastasis gastro-intestinal tumor $ % (1%)
Pathologic response (%) $(@A@
"?"G+/;,-8-T"4-30"G+/;,-8-" B (5%) # (2%)
- partial to no response <% (83%) =B (82%)
- no panel mutation or germline information %f (12%) %@(15%)
available*
TP53 mutation (%) B(S$f
"?"2-5 ># (75%) >% (89%)
"4+ ## (20%) B (5%)
- unknown* B (5%) B (5%) 7
BRCAmMut (%) <0.001
"?"BRCAlo % (1%) %# (13%)
"?"8:/+0BRCAL $ = (8%)
"?"BRCA2 B (5%) B (5%)
"?"8:/+0BRCA2 # (12%) # (2%)
"20!I' 68 <= (89%) A# (68%)
?"4+8"/-35:031,-"0;0-?80-38/-48"53/;,-" @ (4%) f (3%)
sequenced)*
Other mutations (%) $($%>
(F1 % (1%) % (1%)
(K2 % (1%) % (1%)
(AXF $ % (1%)
(@S2 $ # (2%)
((:1 $ # (2%)
025
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(QDFR $ % (1%)

(Qf $ % (1%)

(Q@DH1 $ % (1%)

(@EIT; $ % (1%)

(RAD51C $ % (1%)

(@?0rP % (1%) $

1"#$% hypermethylation (%) $(SAB
"BRCA1"92;-0/-892,38-D @ (4%) %f  (14%)
"?"4+BRCA1"92;-0/-892,38-D <f (85%) A< (76%)
"?".4J4+64 %# (11%) > (9%)

No mutations or hypermethylation found <A (88%) @@(48%)

>4,07)30 $(===
"?"748-0H3,"PC' B< (54%) @= (52%
"?"748-0H3,"PC"t"FSW]P B$ (46%) @@(48%)

* not included for test"

t For 3/13 gBRCA1 mutation carriers, no tumor material for sequencing was available for panel mutational test?
ing. For all other germline BRCA1/2 mutation carriers the pathologic variant was confirmed with tumor panel
5-9:-4G74K

p"-a3G8"8-58";?H3,:-

Results

Tissue samples with sufficient amounts of DNA for CNV-sequencing were available for
200/245 (82%) patients included in the OVHIPEC-1 trial (figure 1). Reasons for missing
samples were no informed consent for biomarker analyses, insufficient tumor following
0-5;+45-"8+"4-+?3DL:H348" G9-/+89-03;2&" ,+6"g:3,782" +."89-"0-807-H-D" V)\&" 34D" /75574K"
samples (figure 1). Data on germline mutational testing was retrieved from clinical files and
the HEBON database for 108/200 (54%) patients. Panel sequencing results were available
for 190/200 (95%) of the samples, because DNA was insufficient in the remaining ten
patients. Baseline and treatment characteristics were well balanced across BRCA1?,7J-"34D"
4+4BRCA1?,7J-"K0O+:;5&"-aG-;8"BRTAL/2 mutations and other HRD related mutations,
697G9"6-0-"/+0-".0-g:-48"74"8 BRCA1?,7J-"K0+:;"0831,-"%U("

Validaton of the BRCA1-like classifer

Q9-BRCALl-like classifier identified 91 samples as BRCA1?,7J-"34D" %$<"35"BReFL?,7J-"
(figure 1). Thirty-eight (42%) of the 91 BRCA1-like samples are explained by mutations in
BRCA1/2 (29%) and other genes (13%) (table 1, figure 2). Nine (10%) of BRCA1?,7J-"G35-5"
6-0-"135-D"+4BRCAL promotor hypermethylation (table 1). All of the sequenced tumor
BRCA1 mutations (17/17) were classified as BRCA1-like (sensitivity 100%). One tumor from

a patient with a gBRCA1 carrier status (known from the patient-file) was classified as non-
BRCAL1-like. For this patient we were not able to perform panel sequencing.

02H
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Table 2 shows the mutational prevalence of TP53, BRCA1/2 and all the other non-BRCA1/2
genes within the 190 other tumor samples. In this cohort, no mutations were identified in
BARD1, BRIP1, FAM175A, MSH2, MUTYH, PALB2, RAD50, RAD51D, STK11, XRCC2(

Table 7.2. Mutation prevalence of TP538BRCA1/2"34D"#@".:089-0"BREAL/2"K-4-5(

&'()* positive samples 164/190 (86.3%)
1"#$%-+, -positive samples 31/190 (16.3%)
BRCA1 +4,2 14 (7.4%)
BRCA1 34DCHEK2 34DIA=: 1(0.5%)
BRCA1 3400?IAXF 1(0.5%)
BRCA1 34DNF1 1(0.5%)
BRCA2 +4,2 12 (6.3%)
BRCA2"34D?IAXF 1(0.5%)
BRCA2"34CPMS2 1(0.5%)
1"#$%-+, -negative samples with mutations in non-!"#$%+, genes, ex. 15/159 (9.4%)
cluding &'()
NF1 +4,2 2 (1.3%)
A?( +4,2 2 (1.3%)
Yill 442 2 (1.3%)
?IAXF(+4,2 1(0.6%)
PMS2 +4,2 2 (1.3%) 7
CDH1"+4,2 1(0.6%)
?DFR¢4,2 1(0.6%)
L +4,2 1(0.6%)
RAD51C"+4,2 1(0.6%)
0=IT; "+4,2 1(0.6%)
D?0'P "+4,2 1(0.6%)
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149405-koole_binnenwerk_20210221-def.indb 127 21/02/2021 19:30



I0$%*+2

21/02/2021 19:30 ‘

A Genetic background BRCA1-like tumors B. Genetic background non-BRCA1-like tumors

%8

no mutations found no mutations found

49% gBRCA1Y 88%

BRCA1
hypermethylated

_swx_a NBN
COH1 1% |\_RADS1C
1% MUTYH 1%

1%

iﬁ;% g

>
#3

N7K:0-"=(#taphical overview of genetic background of BRCA1-like and non-BRCA1-like tumors
* a BRCA1 mutation was detected in the tumor, in 12 cases this was because of an underlying germline BRCA1-mutation (see also table 1)
* germline BRCA1-carriers without confirmation with mutational testing in tumor (N=3)
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Discussion

Q9-BRCA1-like classifier had a sensitivity of 100% in recognizing BRCAL mutations. Among
53/;,-5"8938"6-0-",31-,-D"3BRCAL-like, 29% had a BRCA1"+0BRCA2 mutation, 13% had

another HRD gene mutation, and 10% showed BRCA1 promotor hypermethylation. The
remaining 48% BRCA1-like samples possibly represent tumors with other aberrations
0-5-/1,74K"BRCA1 mutations in the HRD pathway. These results are similar to the
:-0.+0/34G-"+."3BRCA1-like classifier in breast cancer, and the results of the classifier in
34"-30,7-0"+H30734"G34G-0"D3835-8"0:4; 1! 759-6189" +89-0"FCV?8-585&" 78" 75":45:0-"
how well this classifier distinguishes the functional HRD tumors from the non-HRD tumors.

Probably there is a gradient shift from tumors that are completely deficient in homologous
recombination to those that are partially deficient and those who are fully HR proficient.
Q9-"G:00-48,2"3H37,31,-"FCV?8-585"3G8"678974"3"K0-2"30-3&"574G-"89-0-"75"4+"K+,D"5834D
.+0"89-5-"8-585€ In this validation study we were able to partly present the mutational
13GJIKO+:4D" +." 89-5-" 8:/+05" 6 BREZA1-like aberrations, but largely the cause of the
FCV?;9-4+82;-" 0-/3745" :4J4+64(" Q9-" FCV" ;9-4+82;-" /7TK98" 1-" -a;,374-D" 12" +89-0"
/-G93475/5"8934BRCA1 dysfunction alone, and the somatic HRD-related mutations that
6-0-"8-58-D"D+"4+8"4-G-55307,2",-3BRBA1Y;7J-";9-4+82;-(

In conclusion, the algorithm-based classifier was able to identify HRD tumors("#@9435"34"
estimated sensitivity of 100% in recognizing BRCAL1 mutations. How well the classifier
performs in comparison to other HRD-tests, whether is able to predict treatment benefit of
platinum and PARP inhibitors should be further explored. In chapter 8, we report the results
of a study that evaluates the value of the classifier to predict the effect of HIPEC.
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Abstract

Background The addition of hyperthermic intraperitoneal chemotherapy (HIPEC) with
cisplatin to interval cytoreductive surgery (CRS) improves recurrence-free (RFS) and overall
survival (OS) in patients with stage Il ovarian cancer. Ovarian cancer cells with homologous
recombination deficiency (HRD) may be particularly sensitive to HIPEC as these cells switch
to error-prone mechanisms to repair the DNA double-strand breaks induced by cisplatin.
We hypothesized that the benefit of HIPEC is largest in patients with HRD tumors. In
addition, hyperthermia may impair BRCA1/2 protein function, thereby inducing transient
FCV"74"[CP\"67,D82;-"8:/+05("

Methods Clinical data and tissue samples were collected from patients included
in the randomized, phase Ill OVHIPEC-1 trial. We determined DNA copy number variation
(CNV) profiles using next generation sequencing, HRD-related pathogenic mutations,
74G,:D74K"[CP\%T#":574K";34-,"5-g:-4G74RRCAAPromotor hypermethylation using
multiplex PCR. The CNV profiles were categorized as HRD or non-HRD, based on a previously
H3,7D38-D"3,K+0789/?1B8CM1-like classifier validated for ovarian cancer. Hazard ratios
(HR) and corresponding 99% confidence intervals (Cl) for the effect of HIPEC in the ,0I'G  &"
the HRD/BRCAwt and the non-HRD group were estimated using Cox proportional hazard
models, with p-values for interaction.

Results DNA was available from 200/245 (82%) randomized patients. Seventeen
(9%) tumors carried a pathogenic mutation in BRCAL and 14 (7%) in BRCA2(")74-82?+4-"
(46%) tumors classified as BRCAl-like and were associated with BRCA1/2 mutations in 26
(28%), other HRD-related mutations in 12 (13%) and BRCA1 promotor hypermethylation in

9 (10%). The effect of HIPEC varied according to BRCA and HRD status: ,0I' /"OFC"%(#Be"
99%Cl 0.48-3.29), HRD/,0!" wt (HR 0.44; 99%Cl 0.21-0.91), non-HRD/,0!' 68"OFC"$(>#e"
99%Cl 0.48-1.42), p-value for interaction: 0.024.

Conclusion Patients with HRD tumors without pathogenic BRCA1/2 mutation appear
to benefit most from treatment with HIPEC, while benefit in patients with BRCA1/2"
pathogenic mutations and patients without HRD seems less evident.
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Introduction

1;789-,73," +H30734" G34G-0" 935" 89-" 97K9-58" /+083,782" +." 3,," K24-G+,+K7G" 8:/+05" 74" 89-"
western world. The majority of patients are diagnosed with International Federation
+0"c24-G+,+K2"34D"R158-807G5" ONScRU" 583K=" 83&DBUB ED{38/-48" G+457585" +."

maximal cytoreductive surgery (CRS) in combination with platinum-based chemotherapy.

The ten-year survival of women with advanced stage ovarian cancer is 10-15% and did

not improve in the past 20 years, despite extensive cytoreductive surgery and (neo-)
3DL:H348"74803H-4+:5"G9-/+89-63Q0-";-078+4-3,"5:0.3G-"75"89-";,07/302"578-"+."D75-35-"
recurrence in the majority of patients and therapeutic approaches that specifically target
89-";-078+4-3,"5:0.3G-"30-"89-0-.+0-"0-g: P0-13{,7H-074K"G9-/+89-03;2"74803;-078+4-3,,2"

OSWuU" /3a7/71-5" DO:K" -a;+5:0-" 38" 89-" ;-078+4-3," 5:0.3G-(" F2;-089-0/7G" 74803;-078+4-3,"
G9-/+89-03;2"OFSW]PU"75"3"574K,-"3;;0+3G9"74"697G9"9-38-D"G9-/+89-03;2"75"3D/74758-0-D"
D70-G8,2"748+"89-"31D+/743,"G3H782"38"89-"-4D" +." G+/;,-8-"+0"4-307G+/;,-8-"5:0K-02(" Q9-"
multicenter randomized phase Il OVHIPEC trial showed improved recurrence-free survival

(RFS) and overall survival (OS) after interval CRS with HIPEC using cisplatin, in patients with
583K-"SSS"+H30734°G34G-((

Up to 50% of high-grade serous ovarian cancers are supposedly homologous recombination

deficient (HRD) due to germline or somatically acquired breast cancer susceptibility gene-1
BRCA1U"+BRCA2 mutations, epigenetic inactivation of BRCA1&"+0"+89@" ?74D-;-4D-48"
D-.-G85"74"89-"FC";389632f the absence of homologous recombination, these tumors
0-,2"+4"-00+07?;0+4-"V)\"0-;370"/-G93475/5"5:G9"35"4+4?9+/+,+K+:5"-4D?L+7474K"8+"0-;370"
DNA double-strand breaks (DSB) that are induced by platinum-containing chemotherapy.''"
\5"89-5-"/-G93475/5"G3:5-"K-4+/7G"7458317,782"34D"74G0-35-D"G-,,"D-389&"FCV"8:/+05"30-"
sensitive to platinum-containing chemotherapy, including HIPEC.**"F2;-089-0/73"/32"3G8"
synergistically with platinum-based chemotherapy as heat causes depletion of the BRCA1
34D"[CP\K;0+8-745"34D"7/;37BBCAL/2 protein function, thereby transiently inducing

FCVE  Ovarian cancers may constitute a spectrum varying from completely homologous
recombination deficiency to completely homologous recombination proficient with
748-0/-D738-";9-4+82;-5(

Homologous recombination deficient cancers frequently harbor the same characteristic
K-4+/7G"5G305YBRCALlm-associated cancers. These scar patterns consist of specific gains
and losses in DNA copy number variation (CNV), which can be measured by comparative
genomic hybridization (CGH).1>%"M-":5-D"3";0-H7+:5,2"-5831,759-D"34D"H3,BRGEID"
,7J-8lgorithm to classify CNV profiles as HRD or non-HRD.!>%

We hypothesize that patients with HRD tumors might experience most benefit of treatment
6789"FSW]P("5;-G73,,2"89+5-"8:/+05"8938"93H-"34"748-0/-D738-",9-4+82;-"1-86--4"FCV"34D"
HR proficient, may derive most benefit from HIPEC, since hyperthermia will further impair
BRCA1"34BRCA2&"G+4.-0074K"3"/+0-";0+.+:4D"FCV";9-4+82;-("Q+"8-58"8975"92;+89-575&"6-"
estimated the effect of HIPEC in patients who participated in the phase IIl OVHIPEC trial and

stratified the results by HRD status and ,0!'G  "5838:5(
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Methods

Patents

The multicenter, randomized, open-label, phase Il OVHIPEC-1 trial included 245 patients
6789"NScR"583K-"SSS"+H30734&".3,,+;734"8:1-&"+0";-078+4-3,"G34G-0("[-G3:5-"+."89-"-a8-48" +
disease at diagnosis, patients were ineligible for primary CRS and received three cycles of
neo-adjuvant carboplatin-paclitaxel chemotherapy followed by interval CRS. Full eligibility
G078-073"93H-"1--4";:1,759-D"-,5-6%-Deffing surgery, patients were randomly assigned
(1:1) to interval CRS with or without HIPEC. All patients received three additional cycles of
carboplatin-paclitaxel after surgery. Institutional review board approval was obtained from
all participating hospitals and all patients gave written informed consent before enrolment.
For this ancillary pathology study, we analyzed available tissue samples from patients in
the OVHIPEC-trial. All patients included in this analysis gave written informed consent for
biomarker research. One sample per patient was selected for each patient, preferably
the sample derived from interval CRS. Tissue preparation, DNA isolation, low-coverage
sequencing, BRCA1-like classification, and panel mutational sequencing are all conducted
74"89-"-a3G8"53/-"/344-0"35"D-5G071-D"74"P93;8-0"=("

Germline mutatonal status

Germline mutational status (gBRCA1 mutation, gBRCA2 mutation, no pathogenic gBRCA

mutation or status unknown) was derived from the clinical patient files. In addition, we
crosslinked the OVHIPEC patient-set with the national hereditary breast and ovarian cancer

(HEBON) database to obtain additional hereditary information and germline BRCA status.

For patients with a sequenced tumor BRCA mutation and a reported germline mutation,

89-" 5-g:-4G-D" H307348" 635" 3557K4-D" 8+" 89-" K-0/,74-" 5838:5(" '-g:-4G-D" 8:/+0" [CP\"
mutation in the absence of a known germline mutation were labelled as tumor mutations,
irrespective of the mutation/variant allele frequency.

*+#+$"*(%#@B5+#.-

Recurrence-free survival (RFS) was defined as the time from randomization to disease

recurrence or progression, on the basis of the Response Evaluation Criteria in Solid Tumors
OC]IPS'QU"G078-073"H-057+4"%(%&" 3" 075-" 74" P\?%#B" ,-H-,"3GG+0D74K" 8+"89-" c24-G+,+K7(
InterGroup criteria (GCIG), or death from any cause, whichever occurred first.(21) Overall

survival (OS) was defined as the time from randomization to death from any cause. Patients

alive at last follow-up were censored at that time.

Statstcs

All randomized patients from the OVHIPEC trial are included in these analyses if sufficient

DNA samples for CNV sequencing was available. Baseline and treatment characteristics
30-";0-5-48-D";-0"80-38/-48"30/":574K" 89-"-a3G8"8-58".+0" G38-K+07G3,"H30731,-5("[35-,74-"
characteristics of the included patients, and patients who dropped out of this analysis

because of insufficient tumor material were compared.

The effect of HIPEC was evaluated in three mutually exclusive subgroups defined by BRCA
34D" FCV"5838BRCAL/2mut" H5(" FQBRCAWL" H5(" 4+4?F(BRCAWL. Treatment effects
per subgroup together with 99%-confidence intervals (Cl) are displayed in a forest plot.
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Hazard ratios for the effect of treatment arm (HIPEC vs. no HIPEC), and BRCA-subgroup
BRCAL/2mut" H5(" F@BRCAwWt" H5(" 4+4?FQBRCAwWtU" +0" CN™ 34D" R™ 6-0-"-a;,+0-D" 74"
univariate and multivariate Cox proportional hazard models. Results of the model are
reported with corresponding Cl fitted for RFS and OS, and interaction p-values (alpha 0.05).
Kaplan-Meier estimates are compared using log-rank tests. All analyses were performed
using R-statistics (R 3.6.3 GUI 1.70).

Results

Tissue samples with sufficient DNA-samples for CNV-sequencing were available for 200/245

(82%) patients included in the OVHIPEC trial (figure 7.1). Reasons for missing samples

74G,.D-D" 4+" 74.+0/-D" G+45-48" .+0" 17+/30J-0" 343,25-5&" G+/;,-8-" ;389+,+K7G" 0-5;+45-"
after neo-adjuvant chemotherapy, low quality of the retrieved DNA, and non-response

from referral hospitals (figure 7.1). Baseline characteristics of these 200 patients were

largely similar to the 45 patients for whom no DNA sample was available, except for lower
,7J-,79++D"+."04-30?UG+/;,-8-";389+,+K7G"0-5;+45-"05:;;,-/-48302"831,-"5>(%U("[35-,74-"34D"
treatment characteristics among patients included in this ancillary side study were well
13,34G-D"3G0+55"89-"30/5"+."89-"58:D2"0831,-">(%U(

Data on germline mutational testing was retrieved for 108/200 (54%) patients. Panel
sequencing results were available for 190/200 (95%) of the samples, because DNA was
insufficient in the remaining ten patients. The prevalence of a tumor mutation in BRCA1"

was 17/190 (9%) and in BRCA2 14/190 (7%). Deleterious tumor mutation variants in other
predisposition genes were found in 15/190 patients (NF1, ATM, MUTYH, PMS2. FANCC,

MSH6, NBN, CDH1, RECQL, RAD51C, SMARCA4U("\,," K-4-"H3073485" .+:4D" 30-" ,758-D" 74"
table 8.1 and table 7.2. Three of the ten patients in whom panel sequencing results were
:43H37,31,-"6-0-"J4+64"G3007-05"+."3"K-0/,74-";389-BREAAG utation.

03I

149405-koole_binnenwerk_20210221-def.indb 137 21/02/2021 19:30



rO)$%*+3

Table 8.1. Baseline characteristics per treatment arm

Surgery Surgery plus HIPEC p-value§
n=106 n=94

Histological type (%) $(%<<
"?"97K9?K03D-"5-0+:5 <f (88%) >B (90%)
"?",+6?K03D-"5-0+:5 # (2%) @ (4%)
"?"G30G74+530G+/3 @ (4%) % (1%)

"?"G,-30?G-,, @ (4%) $
"?"97K9?K03D-"-4D+/-807+7D % (1%) % (1%)
"?",+6?K03D-"-4D+/-807+7D $ # (2%)
"?"97K9?K03D-"/:G74+:5 % (1%) % (1%)

- metastasis gastro-intestinal % (1%) $

8:/+0

Pathologic response (%) S(HA=
"?"G+/;,-8-T"4-30"G+/;,-8-" # (2%) B (5%)

- partial to no response >= (82%) =< (84%)

- unknown* %= (16%) %$ (11%)

&'() mutation (%) $($<=
"?"2-5 <$ (85%) =f (78%)

"4+ %$ (9%) %= (18%)

- unknown* A (6%) @ (4%)

I"#$ mutation (%)o $(<B>
""" %o = (7%) A (6%)

"?"8:/+0BRCAL f (3%) @ (4%)

"XJBRCA20 B (5%) B (5%)

"?"8:/+0BRCA2 f (3%)1 % (1%)

"?0!" 68 >@ (77%) =B (80%)

- no panel mutation or germline @ (4%) f (3%)

information available

1"#$% hypermethylation (%) $#HB>"
"?BRCA1"92;-0/-892,38-D (7%) %$ (11%)
"?"4+BRCA1"92;-0/-892,38-D >= (82%) =B (80%)

"?"4J4+64 %# (11%) < (10%)

Other mutation variants (%) $(%A>
(1 $ # (2%)

(Q(:! $ # (2%)

(PMs2 # (2%) $
03!
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(R? #(2%) $
(QNAXF % (1%) $

(QDFR % (1%) $

(Qc % (1%) $

(QDH1 % (1%) $

(@E!T; % (1%) $

(RAD51C $ % (1%)

(@?ore $ % (1%)

No mutation or BRCA1 =$ (66%) Af  (67%)
hypermethylation found

No tumor material available, no @ (4%) f (3%)

clinical information on mutation

status

1"#$% profile (%) $(>B
"BRCA1-like profile @= (44%) @@(47%)
"?"4+BRCA1-like profile B< (56%) B$ (53%)

Median time to recurrence,% %$(= O<(#?%#(BU  %f(> O%S(>?%=($&($fp"
months (IQR)

Median time to death, % fi(< O#>#H?@%(<U @B(=0Of=($?AB(%$($f=p

months (IQR)

* only pre-treatment biopsies or recurrence-samples were available for these patients, not included for test

+ For 3/13 gBRCA1 mutation carriers, no tumor material for sequencing was available for panel testing. For all
other germline BRCA1/2 mutation carriers the pathologic variant was confirmed with tumor panel sequencing

¥ Kaplan-Meier based survival estimates, p-value from log-rank test

1"-a3G8"8-58";?H3,:-

Subgroup analysis was performed to analyze the predictive effect of BRCAm and/or FCV"
tumor on the effect of HIPEC. For patients with tumor or germline pathogenic BRCA1/2"
mutations, the HR for the effect of HIPEC was 1.25 (99%Cl 0.48-3.29) for RFS and 1.94
(99%Cl 0.42-9.16) for OS. For the HRD/BRCAwt group hazard ratios for RFS and OS are 0.44
(99%CI 0.21-0.91) and 0.55 (99%Cl 0.23-1.30) respectively. HR for the non-HRD/BRCAwt
group was 0.82 (99%Cl 0.48-1.42) for RFS and 0.63 (99%Cl 0.32-1.22) for OS (figure 8.1).
P-values for interaction derived from the Cox models were 0.024 for RFS and 0.099 for OS
(figure 8.1). Kaplan-Meier curves for RFS and OS are presented for all tested subgroups in
figure 8.2, and supplementary figure s8.1.
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Subgroup Surgery

Recurrence-free survival

HRD/HRP
gBRCA1/2 and/or tumorBRCA1/2 14/18
BRCA1-like/BRCAWt 33/35
non-BRCA1like/BRCAwt 50/53

Overall survival

HRD/HRP
gBRCA1/2 and/or tumorBRCA1/2 4/18
BRCA1-like/BRCAwt 24/35
non-BRCA1like/BRCAwt 39/53

>=0%(&#$a4ZB8%0 0} E S}EC *u PE}P% Vv 0Ce]e (JE E pEE v

*<0#$54

I"H$%& (+

Surgery-plus-HIPEC

no. of events/total no.

16/16
24/30
41/48

9/16
15/30
25/48

Hazard Ratio (99% Cl)

01 10

10.0

Surgery-plus-HIPEC
better

r(E +pEA]JA o

Surgery
better

Interaction p=0.024
1.251 (0.476-3.289)
0.437 (0.209-0.914)
0.822 (0.477-1.415)

Interaction p=0.099
1.941 (0.412-9.155)
0.550 (0.233-1.299)
0.630 (0.325-1.220)

v }A E 00 *PEA]A 0X Z %}ES
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Table 8.2. Univariable and multivariable analysis for
5:0H7HS,

recurrence-free survival and overall

Recurrence-free Univariable Multivariable*
survival

=9 95% CI p-value | =9 95% CI p-value
CRS + HIPEC $(=%< S$(BI@?$(<A> $($$ | $(=$< $(B#B?$(<B= $($#B

germline and/or $(=Bf $(@>?%(%=f $(#%$

o/7™* -I"#$%+,7

I"H$%-like/I"#$ Wt | %(%AS$ $(>1%72%(A#Y6$(F>T

$(=%$  $(@B@?%(%8L%bff

%(%%%$(=<@?%(BB@(B@$

Overall survival

CRS + HIPEC $(A=B $(@A=?%(<==$($f=

germline and/or $(BY%< $H==7%(<=# H(SQ@%
O/7*%!"#$%+, 7

I"#$%-like/!"#$ wt

%(#%A $(>%B2%(>%T$(ff>

$A=A P(@A=?%(<=< $($f>

$(B%f SH=@?B(<A%$($f=

%(#H$% B(>BA?%(=<$ $(FA<

* Variables included in the model are treatment arm (HIPEC vs. no HIPEC) and ,0"

BRCA1-,7J-T0!" 68"H5("4+BRCA1-,7J-U

?5:1K0+:;"BRCAL/2/"H5("

A significant independent beneficial effect remained for treatment with HIPEC (HR 0.676
[95% CI 0.467-0.979], p =0.038, and having a BRCA1/2 mutation in multivariable analysis

for OS (HR 0.513 [95%Cl 0.274-0.961], p=0.037). Having a BRCA1?,7J-D"

68"8:/+0"D7D"

not appear a prognostic factor in both univariate and multivariable analyses for RFS and

R'e"5--"831,-">(#("
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Discussion

Patients with stage Ill ovarian cancer whose tumor harbor a BRCA1-like HRD genomic profile
6789+:8":389+K-4BBCA1/2 tumor mutations, benefit most from the addition of HIPEC to
interval cytoreductive surgery. These analyses provide evidence that HRD assessed with
89-"+H30734"G38BRBED1-like classifier is a potential tool for selection of patients who may
benefit from HIPEC.

We hypothesized that patients with HRD tumors were most likely to benefit from treatment
with HIPEC. We here show that HIPEC may not add additional benefit over intravenously
administered platinum for patients with BRCA1/2m tumors. Patients with BRCA1/2/"
tumors are particularly sensitive to the platinum chemotherapy, and HIPEC might not
improve effects over intravenously administered chemotherapy. This might be enhanced
by the neoadjuvant administration of the chemotherapy, possibly inducing resistance. The
BRCA1/2m subgroup was particularly small (n=34), and more data is required to study the
effect of intraperitoneal chemotherapy and HIPEC in this specific subgroup.

Q9-"FCV,D!" wt tumors derive significant benefit of HIPEC. The HRD phenotype in these
patients is explained by other mechanisms than BRCA1 dysfunction alone and may result
74"748-0/-D73BRCA1"+MBRCA2 protein function. Possibly, an intermediate intrinsic ability
to repair DS DNA breaks can be further hampered with hyperthermia leading to significant
tumor cell kill and the observed recurrence free and overall survival benefit. Hyperthermia
935"59+64"8+"D-;,-BRCA1"34BRCA2 protein function, and upregulate mammalian heat-
59+GJ";0+8-745"OFPWMHEPI0 inhibition disrupts DNA damage repair pathways, induces
..089-0BRCAL1 protein degradation, and thereby sensitizes cells to the DNA damage caused
by platinum or poly(adenosine diphosphate [ADP]-ribose) polymerase (PARP)-inhibition.?>
Z"ED/ inhibition further causes cellular sensitivity to hyperthermia, by degradation of
BRCA2, resulting in suppressing homologous recombination.’*" Q9-5-"0-5:,85" 580-4K89-4"
89-"92;+89-575"8938"92;-089-0/73" D-KEAL" 34DBRCA2 function, sensitizing HRD/
,0'"J.  tumors with the presumable intermediate sensitivity to platinum.

For patients with non-HRD signature, the trends for effect of HIPEC for both RFS and OS

were less convincing. Probably, these tumors are HR proficient and thus well capable of DS
V)\"D3/3K-"0-;370&"D-5;78-"92;-089-0/73("Q9-"-a;,+038+02"438:0-"+."+:0"343,25-5";,0+97178"
firm conclusions and these patients might actually benefit from HIPEC, given the HR <1

and broad confidence intervals (HR 0.82 and 0.63 for RFS and OS, respectively). Trends for

the effect of HIPEC in the different subgroups are hypothesis generating and the results

should be confirmed in independent datasets. Additional hypothesis regarding the optimal
temperature, chemotherapy agent and concentration and the duration of HIPEC need to be
-H3,:38-D"74".:089-0"58:D7-5(

The population included in this ancillary pathology study, comprised 82% of the total
OVHIPEC-1 study population. Within this group, deleterious germline/tumor BRCA1" +0"
BRCA2 mutations were identified in 34 (17%) patients (table 8.1). Both the total prevalence
+.";389+K-47BRCA1" 34DBRCA2 mutations, and the proportion of germline mutants is
likely higher in the total OVHIPEC-1 intention-to-treat population than we observed in this
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D3835-8".+0"86+"0-35+45("N7058&"6-"6-0-"31,-"8+"343,2|-"%<$"8:/+0"53/;,-5"+."89-"#@B"8+83,"
patients. Second, standard hereditary testing was not performed for all patients at the
onset of this trial (2006). Patients included early in the trial were less likely to be tested for
germline mutations. We were not able to determine (blood-derived) germline mutational
status. We relied on germline mutational status obtained from the patient file or the
HEBON database for 54% of the individuals. In previously published ovarian cancer cohorts,
germline and somatic mutations in BRCA1/2 have been observed in 22-27% of tumors.1%24"
Q9-" D-H-,+;-D'BRCA1-like HRD classifier had a sensitivity of 100% in recognition of
:389+K-47G"8:/+BRCA1 mutations. Of the patients with a HRD tumor, 29% had BRCA1"
+0'BRCA2 mutations, 13% had other HRD related gene mutations and 10% had BRCA1"
promotor hypermethylation. The remaining 52% of HRD tumors, possibly represent tumors
with other aberrations in the HRD pathway (see figure 7.2). This resembles the adequacy
+."89-BRCA1-like classifier in breast cancer, and the results of the classifier in an earlier
+H30734"G34G-0"D383%%8(

This analysis has some limitations. First, although material was available for the vast
majority of the trial population (82%), tumors that were most sensitive to neo-adjuvant
chemotherapy were underrepresented due to missing tumor tissue. A relatively large
proportion of these patients carried a germline BRCA mutation. Second, the OVHIPEC-1
trial did not include blood-sample collection. As a result, we were unable to collect blood-
derived reference DNA to determine germline mutational status. Germline mutational
status was derived from the patient file or the HEBON database in 54% of the individuals.
For early inclusions, the germline mutation status was more often not determined.

We show that the developed HRD classifier is a potential tool for selection of ovarian
cancer patients who benefit from treatment with HIPEC. The algorithm-based classifier
was able to identify HRD tumors based on a BRCALl-like profile, with a sensitivity of 100%
74"0-G+K47174K"8:BRTAL mutations. Whether this HRD classifier is also predictive for
platinum sensitivity, PARP-inhibitor resistance or PARP-inhibitor sensitivity, should be
..089-0"-a;,+0-O¢

Conclusions

R:0"0-5:,85"59+6"8938"34"MBRIAWt 5838:5"+18374-D"678BBCAL?,7J-"+H30734"G34G-0"
classifier may predict benefit for the addition of HIPEC to interval CRS in patients with stage

Il ovarian cancer. Benefit of HIPEC in patients with pathogenic BRCA1/2 mutations and in

those without HRD is less obvious. As this HRD classifier is a potential tool for selection of
ovarian cancer patients who benefit from treatment with HIPEC, it may also predict the

effect of other treatment modalities relying on HRD in ovarian cancer.
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@( \,,-/347" P&""385:D3" Q&" V7" P30,+" X&" F30-6++D" C&" 381" "&" )7J57G" "&" -8" 3,(" ¢,+13,"
5:0H-7,,34G-"+."80-4D5"74"G34G-0"5:0H7H3,"#3$$$?%@"OPR)PRCV?fUb"343,2575"+."74D7H
records for 37 513 025 patients diagnosed with one of 18 cancers from 322 population-
135-D"0-K75807-5"74"=%"G+ 4#398-8$%>ef<%0%3$%#BUb%S#f?=B(

B( Q7//-0/345" "&" '+4J-" c'&" X34" D-" X7LH-0" **&" H34" D-0"\3" MN&" *0:7863K-4" C(" )+"
improvement in long-term survival for epithelial ovarian cancer patients: A population-
135-D"58:D2"1-86--4"%<><"34D"#$% @"74"89-")-89=-BRAHNHSYEEYo=e>>bf% ?=(

Al F-0I+K"Q &"W+89:07"[("RH30734"G34G-0b"3".+G:5"+4"/343K-/-48"+."0-G:00:-48"D75-35-("
P+#(/1&"S. (L#S5#$SAefO%%UDAS@ ?%%(

=(" "325+4" cP&" *+94" |P&" *78G9-4-0" FP&" d-D-0/344" "\(" RH30734"#334 Gt @e"
>@0<<B%Ub%f=A?>>(

>(" H34"VO7-,"M &"*++,-")&"7J+05J3"*&"G93K-4"H34"d--:6-4" F&" G90-:D-0"FMC&"F-0/345"
CF"&"-8"3,("F2;-089-0/7G"74803;-078+4-3," G9-/+89-03;2" 74" +H307 3¢~ &34 ®&-0("

2% @#$%>ef=>0fUb#{$? @ F(

<(" WO0-55""k&"V-"d:G3"\&"[+2D")&"+:4K"'&"Q0+:5530D"\&"C7DK-"I&"-8"3,("RH30734"G30G74+/35
with genetic and epigenetic BRCA1 loss have distinct molecular abnormalities. ,?!(
$"#$W&S$>e>b%=(

%$(S48-K038-D"K-4+/7G"343,25-5"+."+H30734"G306&%H3$0%e @=@ O=fBfUbA$<?%B(

%%Roy R, Chun J, Powell SN. BRCA1 and BRCA2: different roles in a common pathway of
genome protection. :".(0%E (I"#$%68$%%e%#O0%UbA>?=>(

%#(Bouwman P, Jonkers J. The effects of deregulated DNA damage signalling on cancer
G9-/+89-03;2"0-5;+45-"34D"0-575834FQYE (1"#$% 8 $%#eY%o#O<UbB>=7<>(

%f( Dunne M, Dou YN, Drake DM, Spence T, Gontijo SML, Wells PG, et al. Hyperthermia-
mediated drug delivery induces biological effects at the tumor and molecular levels
that improve cisplatin efficacy in triple negative breast cancer. )(!5#.&5*( 0%*%"-%
#3%>e#>#bIB?@B(

%@036GI12J"WN&'";;74J"[&"]55-05"&"83;" &"C+D-0/+4D"F&"RD7LJ"F&"-8"3,(""7,D"92;-089-0/73"
inhibits homologous recombination, induces BRCA2 degradation, and sensitizes
cancer cells to poly (ADP-ribose) polymerase-1 inhibition. /&5$(:".*('$"@(D$+(ID'
#3$%%e%$>0#@Ub<>B%?A(

%B/(Wessels LF, van Welsem T, Hart AA, van’t Veer LJ, Reinders MJ, Nederlof PM. Molecular
classification of breast carcinomas by comparative genomic hybridization: a specific
somatic genetic profile for BRCA1 tumors. "#$%&(098$$#te A#O# Ub=%%$?=(

%A(X+,,-1-0K9"MN&"d7;5"F&")-D-0,+."W"&"M-55-,5"dN&"' G9/7D8""*&"H34"[--05"F&"-8"3,("\4"
aCGH classifier derived from BRCA1-mutated breast cancer and benefit of high-dose
platinum-based chemotherapy in HER2-negative breast cancer patients. "##( 1#$5*"
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%=("++55-""&" H34"[--05" |F&" Q7-,-4" SF&" F+0,74K5" F&" W-8-05-""d&" F++K-010:KK-")&" -8" 3,("
Prediction of BRCA1-association in hereditary non-BRCA1/2 breast carcinomas with
300327PcE&%"-.(I"#$%&(0%- (A4S $<e %% AOTUb@=<?><(

%>3(d7;5"|F&":;,D-0"d&"F344-/344" &"d3DD3G9")&"X034GJ-4"W--8-05""Q&""H34"D-"X7LH-0"""&"-8"
al. Indicators of homologous recombination deficiency in breast cancer and association
6789"0-5;+45-"8+"4-+3DL:H348"G9-/+89-0B#2(#$5* #$%%e##O @Ub>=F?A(

%<('G9+:8-4"WP&"c07K+073D75"\&"*:7,/34" Q&"~7013"F&"M38J745" \&"P++J-"\&"-8"3,("C+1:58"
BRCA1-like classification of copy number profiles of samples repeated across different
datasets and platforms. ?5*(1#$5*#%$%Be<O=Ub%#=@ ?>A(

#$(' C7G98-05"d*&"'G9+:8-4"WP&"*+/[+55"'&"F3:J-""&"[:0K-5"\&"V7-807G9"V&"-8"3,("[CP\?,7J-"
classification in ovarian cancer: Results from the AGO-TR1-trial. 2017;35 (no. 15_
5:;;,,UbBB@A(

#9%{(Mahalingam D, Swords R, Carew JS, Nawrocki ST, Bhalla K, Giles FJ. Targeting HSP90 for
G34G-0"89-03;&(() ("#$%8$$<e%$S0%$Ub%BH?<(

##(''8-GJ,-74"'C&" *:/303563/2" 1&" [-91+D" N&" M34K" M&" P93K:8:0:" X&" F30,34?M7,,73/5"
d"&"-8"3,(" [CP\%" 34D" F'W<$" G++;-038-" 74" 9+/+,+K+:5" 34D" 4+4?9+/+,+K+:5" V)\"
double-strand-break repair and G2/M checkpoint activation. /&5$(:".*('$"@(D$+(ID'
#$%#e%S<Of@Ub%IABS?B(

#f(" Gabbasov R, Benrubi ID, O’Brien SW, Krais JJ, Johnson N, Litwin S, et al. Targeted
blockade of HSP90 impairs DNA-damage response proteins and increases the sensitivity
of ovarian carcinoma cells to PARP inhibition. !"#$%&(,+5*(AL#86&6<e#3$0=Ub%$fB?@B(

#@F3:J-""&"F394-4"1&"'G94-7D-0"'&" C-:55"\&" C7G98-05" d&" *+//+55"'&"-8" 3,(" V-,-8-07+:5"
somatic variants in 473 consecutive individuals with ovarian cancer: results of the
observational AGO-TR1 study (NCT02222883). )(?% @ (3%##56%<eBAO<UbB=@ ?>$(

#B('G9+:8-4"WP&"c,:I'R&"F301-GJ")&"+90/344"&"\V/73,,+?V34-10+GJ"C&"W-,1"|&"-8"3,("[CP\%?
like profile predicts benefit of tandem high dose epirubicin-cyclophospamide-thiotepa
in high risk breast cancer patients randomized in the WSG-AMO1 trial. 8#.()(!"#$%&
#3%Ae%f<O@Ub>>#7<(

#A( Miller RE, Leary A, Scott CL, Serra V, Lord CJ, Bowtell D, et al. ESMO recommendations
on predictive biomarker testing for homologous recombination deficiency and PARP
inhibitor benefit in ovarian cancer. "##(1#$5*'#$#$ef%O%H#Ub%ASA?##(
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Supplementary files chapter 8

Table s8.1. Baseline characteristics of included patients vs. dropouts

Patients included in Dropout for HRD p-valueo
pathology substudy analysis

N=200 N=45
Histological type (%) S(@$f
"?"97K9?K03D-"5-0+:5 %=> (89%) @%(91%)
"?",+6?K03D-"5-0+:5 A (3%) $
"?"G30G74+530G+/3 B (3%) $
"?"G,-307G-,, @ (2%) % (2%)
"?"97K9?K03D-"-4D+/-807+7D # (1%) $
"?"97K9?K03D-"/:G74+:5 # (1%) % (2%)
"?",+6?K03D-"-4D+/-807+7D # (1%) $
- gastro-intestinal tumor % (1%) $
- unknown* $ # (4%)
&'() mutation (%)
"?"2-5 %Af (82%) 4J4+64
"4+ #= (14%) :4J4+64
"?":4J4+64 %% (5%) @B (100%)
Pathologic response (%) <0.001
"?"G+/;,-8-T4-30"G+/;,-8- = (4%) #= (60%)
- partial/no response %AA (83%) < (20%)
- unknown* #= (14%) < (20%)
I"#$ mut (%) <0.001
"XBRCALm %f  (7%) f o (7%)
"XBRCALm = (4%) :4J4+64
"XBRCAZ2m %$ (5%) f(7%)
"XBRCAZ2m @ (2%) :4J4+64
"BRCAL/2wt %B< (80%) % (2%)
- no panel mutation or germ? = (5%) >  (84%)
line information available*
>*),07)30 $($=%
"?"748-0H3,"PC' %$A (53%) %= (38%)
"?"748-0H3,"PC"'t"FSW]P <@ (47%) #> (62%)

* not included for test
0"-a3G8"8-58";?H3,:-
Abbreviations: CRS, cytoreductive surgery; HIPEC, Hyperthermic Intraperitoneal Chemotherapy
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General discussion

Parts of this chapter appear in the following articles:
'O0("™*++,-&"M(("H34"V07-,&"34D"c('("+4J-
F2;-089-0/7G"74803;-078+4-3,"G9-/+89-03;2".+0"+H30734"G34G-0b"89-"9-38"75"+4(
"HSUD"#$%<e™:;;,-[-48"H@b" @B>=7<f

'0("*++,-&"C("H34™8-74&"*("7J+05J3&"V("[308+4&"d("W-0074&"V("[0-4434&"R("K7TH34+H7G&" ||
Mosgaard, A. Fagotti, P. E. Colombo, G.S. Sonke, and W.J. van Driel
Primary cytoreductive surgery with or without hyperthermic intraperitoneal
G9-/+89-03;2"OFSW]PU".+0"NScR"83K-"SSS"-;789-,73,"+H30734"G34G-0b"RXFSW]P?#&"3";935:
034D+/71-D"G,747G3,"8073,(
Internatonal Journal of Gynecological Cancer"#$#$ef$OAUb>>>?<#
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Q9-0-"75"3"K0-38":4/-8"/-D7G3,"4--D"8+"7/;0+H-"89-"80-38/-48" .+0"6+/-4"6789"3DH34G-D"
ovarian cancer. The publication of the OVHIPEC-1 results elicited a fierce debate in the field
+."K24-G+,+K7G"+4G+,+K2("M97,-"89-"034D+/71-D"-H7D-4G-"+."7/;,0+H-D"0-G:00-4G-?.0--"34D"
overall survival following HIPEC was welcomed by many professionals and patients alike,

criticism regarding the design and outcome of the study was also ventilated by several

experts in the field. Various national and international treatment guidelines currently

advice HIPEC as addition to interval cytoreductive surgery in advanced ovarian cancer, but

others conclude that confirmatory evidence is required before HIPEC can be considered
5834D30D"+."G3Q975"G93;8-0"D75G:55-5"89-"+;;+574K"H7-65"+4"89-"RXFSW]P?%"D383"34D"
highlights directions for future research. We furthermore discuss the mechanism of action,

selection of patients with ovarian cancer for treatment with HIPEC, and provide insight in

current developments in treatment for patients with advanced stage ovarian cancer.

OVHIPEC-1 opposing views

OVHIPEC-1 randomized patients with FIGO stage Ill ovarian cancer to interval cytoreductive

surgery with or without HIPEC. After a median follow-up of 4.7 years, we observed significant

improvement in recurrence-free (HR, 0.66; 95% Cl, 0.50-0.87), and overall survival (HR,

0.67; 95% Cl, 0.48-0.94) (chapter 2L X307+:5"755:-5"6-0-"0375-D"34D"67,," 1-"D75G:55-D&"
regarding the surgical quality, random imbalances in prognostic variables between the
80-38/-48"K0+:;5&"89-"8073,"-4D;+748&"89-"+;-4?,31-,"D-57K4"+."89-"58:D2&"53.-82" +."FSW]P&"
34D"-H7D-4G-".0+/"+89-0"G,747G3,"8073,5(

Surgical quality

There was no evidence to suggest any difference in surgical quality between both treatment
arms: in nearly all patients, a complete or nearly complete (residual disease <2.5mm)
cytoreductive surgery was reached (106 patients in the interval CRS arm [86%], and 106
patients in the interval CRS and HIPEC arm [87%]). The number of patients receiving bowel
resection was also similar: 30 (24%) in the interval CRS group and 29 (24%) in the interval
PC™34D"FSW]P"K0#(}9-"58:D2" 635" G3007-D" +:8" 74" -7K98" 9+5;783,5" 6789" -a;-07-4G-" 74"
performing HIPEC in patients with peritoneal disease from colon cancer or pseudomyxoma
peritonei. There were no specific HIPEC teams in the participating centers; all surgical teams
had experience in performing HIPEC and were devoted to obtain complete cytoreduction
in all patients, regardless of the allocated treatment arm. Time between surgery and start
of adjuvant chemotherapy did not differ between arms, nor did the number of patients
completing six cycles of chemotherapy. The number of patients receiving treatment for
recurrent disease was also similar (26/123 patients [25%] in the interval CRS group vs.
23/122 patients [24%)] in the interval CRS and HIPEC group). These finding all indicate that
the treatment patients received after surgery are unlikely to explain the results of the trial.?

0"#@5G(+G2"*"#$%-

Questions have been raised regarding bias that might have been introduced in the

OVHIPEC-1 trial by imbalances in prognostically important variables. Clearly, however, the

peroperative randomization process in OVHIPEC-1 precluded systematic bias at baseline of

allmeasured and non-measured prognostic variables.>'RXFSW]P?%"635"6-,,"13,34G-D".+0"3K-&"
NScR"5:1583K-&"0-5;+45-"8+"4-+?3DL:H348"G9-/+89-03;2&"9+5;783,"571-&"9758+,+K7G3,"5:182;-"
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[CP\?5838:5&"34D"89-"-a8-48"+."D75-35-"38"58308"34D"38"89-"-4D" +."89-"5:0K7G3,";0+G-D:0-"
@hapter 2, chapter 3, chapter 8). The number of patients with non-high-grade serous
9758+,+K2"74"+:0"58:D2"635"474-"74"89-"FSW]P"30/&"H-05:5"%B"74"89-"G+480+,"30/&"34"7/13,34C
compared to a perfect 1:1 randomization of only three patients. The imbalance in non-high-
K03D-"5-0+:5"5:182;-5"75"89-0-.+0-"H-02":4,7J-,2"8+"-a;,374"89-"+:8G+/-"+."89-"8073,("Q9-"
proportionality of the survival curves over time also point to the fact that a small imbalance,

in for instance low grade tumors, cannot explain the benefit that was observed in the CRS

plus HIPEC group. Nevertheless, given the relatively small sample size, the OVHIPEC-1 trial

is somewhat more prone to be affected by random imbalances compared with other phase

3 trials in ovarian cancer. Most importantly, however, highlighting a random imbalance, in

for example histologic subtype, ignores the general principle that randomization ensures

equality of prognosis based on all known and unknown prognosticators combined.

A<%(B&+G"&4(%#@B5+#.
\5"3DH+G38-D"12"89-G3+45-45:5"5838-/-485"+4"89-"/343K-/-48"+."+H30734"G34G-0"89-"
;07/302"+:8G+/-"+."89-"8073,"635"0-G:00-4G-?.0--"5:0H7H3,&"8+";0-H-48"1735".0+/"80-38/-48"
.+0"0-G:00-48"D75-B5afmple size calculation indicated that 192 events were needed to

detect a 50% increase in median recurrence-free survival (from 18 to 27 months, HR 0.667)

by the addition of HIPEC to interval cytoreductive surgery, with 80% power and an overall
86+?57D-D"82;-"S"-00+0" +." $($B(" Q9-"/-D734" CN"™ 74" 89-" G+480+," 30/" 635" 355:/-D" 135-D"
on the data available at the time of trial design.® OVHIPEC-1 was an investigator-initiated
8073,"6789".:4D74K".0+/"89-"V:8G9" P34G-0""'+G7-82" .+0" D383" /343K-/-48" +4,2(" F+5;783,5"
93D"8+";32".+0"89-"FSW]P";0+G-D:0-5"89-2";-0.+0/-D"6789+:8"0-7/1:05-/-48".0+/"9-3,89"
745:034G-"G+/;347-5"+0"74D:5802&"34D"3GG0:3,";-0"2-30"635"89-0-.+0-"/3a7/71-D" 74" [+58"
hospitals. As a result, the accrual time was longer than anticipated, and the required 192

events of disease recurrence were reached before the initially anticipated number of

patients were included. Due to a relatively long follow-up, but with the sufficient number

of RFS events to perform primary analysis, a relatively small number of accrued patients

were needed compared to other phase 3 trials in ovarian cancer. The hazard ratios for RFS

and OS reported from the OVHIPEC-1 trial are almost identical, alluding to the fact that RFS

is a valid surrogate endpoint for OS in this setting.>®'c7H-4"89-"57/7,30"FC5"34D"89-",+6-0"
038-"+."R™-H-485"8934"CN"'-H-485&"89-"315+,:8-"7/;0+H-/-48"74"/-D734"R" O%#"/+4895U" 75"
larger than in median RFS (3.5 months). HIPEC adds about a third of RFS time and about a

third of OS time compared to the control group. This pattern of similar relative and differing

absolute RFS and OS benefit is also seen with adjuvant intraperitoneal chemotherapy, or
748-0H3,"H5(";07/302"5:6K-0%(hen comparing the median RFS and OS estimates in the
RXFSW]P?%"8073,"8+"89+5-"0-;+08-D"74"+89-0"+H30734"G34G-0"8073,5&"78"75"7/;+08348"8+"3
for the timing of randomization. While many studies randomized patients shortly after
D73K4+578&" 89-"RXFSW]P?%"8073,"034D+/71-D" D:074K" 748-0H3," 5:0K-02&" 3;;0+a7/38-,2" %@"
weeks (3.2 months) after diagnosis.

1B%#Q*"2%*(@%-+>#
\5"3"D+:1,-"1,74D-D"58:D2"D-57K4"6789"89-"FSW]P";0+G-D:0-"635"G+457D-0-D":4.-3571,-&"89-"

open-label design of the OVHIPEC-1 trial may have introduced bias. First, there is a potential
surgical bias that can work in both directions: knowing the outcome of randomization during
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surgery could theoretically either result in “better” or “worse” surgery for those randomized

to HIPEC. However, as previously discussed, there was no indication of more radical
5:0K-02"74"-789-0"+."89-"K0+:;5&"6789"57/7,30"038-5"+."/747/3,"0-57D:3,"D75-35-"34D"3"53/-"
number of bowel resections. Second, there is a potential bias in investigators’ assessment

+." 0-G:00-4G-5(" C-K:,30,2" ;,344-D" 5-0:/" P\?%#B" /-35:0-/-485" 34D" PQ?5G345" D:074K"
follow-up were strictly defined in the protocol and adhered to, to overcome differences

between the study arms. In order to ensure the open-label design did not affect results of
89-";,07/302"+:8G+/-"00-G:00-4G-?.0--"5:0H7H3,U&"6-";-0.+0/-D"1,74D-D"G-4803,,2?355-55-D"
0-G:00-4G-?.0--"5:0H7H3," 343,260t "3(" Q975" G-4803,"1,74D-D" 0-H7-6" +." 3,," 7/3K74K"
studies confirmed the earlier reported investigator-assessed recurrence-free survival

benefit, and shows the open-label design did not affect the assessment of recurrence-
.0--"5:0H7H3,("Q9-"/-D734"0-G:00-4G-?.0--"5:0H7H3,"635"5,7K98,2"59+08-0"G+/;30-D"6789"89-"
investigator-assessed recurrence-free survival, potentially because the trained radiologist

was more prone to find evidence for recurrent disease during retrospective reviewing.

\5" D75G:55-D" 31+H-&" 89-" H307+:5" 5:KK-58-D" 1735-5" 30-" 3,," H-02" :4,7J-,2" 8+" -a;,374" 89-"
statistically significant survival benefit observed in patients randomly allocated to receive
HIPEC in addition to interval cytoreductive surgery. Nevertheless, the level of evidence for
HIPEC in this setting will improve if the results of OVHIPEC-1 can be confirmed in another
randomized trial. While acknowledging the importance of critical review of trial results
and trial designs before implementation, the agonizing discussions about intraperitoneal
chemotherapy and HIPEC lead to confusion and distraction from the evidence. The mind of
the critical researcher is trained to identify every possible circumstance that may introduce
bias in a clinical trial. The general philosophical rules of science advise on testing hypotheses
by trying to refute them. Instead, people in general quite often seek data that are likely to
be compatible with the beliefs they currently hold. This confirmation bias is a result of
the unconscious associative mind which might lead to exaggeration of the likelihood of
-a80-/-"34D"7/;0+131,-"-H-485¢

Q9-"57/7,30782" +." 89-" D75G:557+45" 31+:8" 89-" RXFSW]P?%" 8073," 34D" 89-" -30,7-0" 3DL:H3
74803;-078+4-3," G9-/+89-03;2" 8073,5" 75" 5807J74K&" 35" 75" 89-" 0-,:G834G-" 8+" 3D+;8" -789-
/-89+D"+."74803;-078+4-3,"80-38/-48"D-5,78-"034D+/71-D";935-"f"D383(""-34697,-&"+89-0"
interventions, like surgery in the recurrent setting, are easily adopted in international

guidelines despite the lack of mature comparative data. Confirmation bias may play a role
74"89-"/-89+D+,+K7G3,"755:-5"0375-D"0-K30D74K"58:D7-5"+4"74803;-078+4-3,"G9-/+89-03;2" 74"
general and the OVHIPEC-1 trial in particular.

Safety and quality of life

The HIPEC procedure prolonged surgical time with 146 minutes. The median duration of
hospitalization was two days longer after HIPEC, including admission to the intensive care unit
for one day, according to protocol. While the number of patients with a complete resection
and the number of patients requiring bowel surgery were similar in both treatment arms,
numerically more patients in the HIPEC arm received a colostomy or ileostomy, although
this difference was not statistically significant (13/123 [11%)] after interval CRS vs. 21/122
[17%], p=0.19 after interval CRS+HIPEC). Treatment with HIPEC was thought to cause more
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anastomotic leakage, although literature remains contradictory. In the OVHIPEC-1 trials, we
did not observe more anastomotic leakage after HIPEC. The numeric difference observed in
the OVHIPEC-1 trial probably reflects some precaution of the involved surgeons and should
be discussed with patients during counseling. There is no evidence to suggest that HIPEC
increases the rate of anastomotic leakage, and this issue deserves further study.

Theincidence of investigator reported adverse events of any grade did not significantly differ
between both arms of the trial (115/122 [94%] in the interval CRS group, and 113/118 [96%)]
of patients in the interval CRS and HIPEC group, chapter 2). The distribution of observed
adverse events was similar (p-value: 0.67 [exact Fisher test for testing independence
between arm and grade distribution]), although a bias in reporting toxicity cannot entirely
be ruled out in open label trials like OVHIPEC-1. For data collection on safety and adverse
events after surgery with HIPEC, the NCI-CTCAE classification is an accurate measurement
tool. Comparison with for example the Clavien-Dindo method, shows that the latter may
underestimate post-operative morbidity compared to the NCI-CTCAE classification after
80-38/-48"6789"5:0K-02"34D"FSW]P(

During the trial, quality of life was scored using the EORTC QLQ-C30 questionnaire, which is

a validated and widely used measure of the quality of life of cancer patients.’*"Q9-"g:3,782"

of life data, with pre-specified focus on the QLQ-C30 summary score, and symptom scales

for fatigue, neuropathy and gastro-intestinal symptoms was analyzed using linear and non-

linear mixed effect models (Chapter 5). Analysis of the patient-reported outcomes indicate
comparable health-related quality of life and symptom burden between patients treated
6789"748-0H3,"PC" 34D"FSW]P"34D"89+5-"80-38-D"6789" 748-0H3," PC"*6 {®05:8" FSW]P(
analysis are hampered by trial not being powered for patient reported outcome measure

analysis, and the undesirable compliance of questionnaires during the trial.

Clinical evidence for HIPEC for ovarian cancer besides OVHIPEC-1
Q6+"G35-?G+480+,"58:D7-5"G+4G,:D-D"8938"FSW]P"635".-3571,-"34D"53.-"74"89-"/343K-/-48"
of primary ovarian cancer, but were not able to conclude about the effect of HIPEC on
5:0H7H3,{ Other case-control studies showed effects in terms of promising 1-year survival
numbers, which is confirmed by a review of a selection of comparative studies.'®'\"0-G-48"
/-83?7343,25-5" 74G,:D74K" 034D+/71-D" G+480+,,-D" 8073,5" 34D" G35-" G+480+," 58:D7-
better outcome after treatment with surgery and HIPEC, in patients with primary advanced
ovarian cancer (pooled HR for OS 0.54 [95% Cl 0.45-0.66], for PFS 0.45 [95% CI 0.32-0.62]).1*"

This meta-analysis also confirms the finding in the OVHIPEC-1 trial that the addition of HIPEC
8+"5:0K-02"D+-5"4+8"74G0-35-" 8+47GV820-34"58:D2"KO+:;";0-5-48-D" ;0-,7/74302"
results of a randomized trial at the 2017 ASCO annual meeting.?*"

These interim findings were hampered by a low number of events and were based on a
combination of patients treated with upfront surgery and patients receiving neo-adjuvant
chemotherapy. The study also pooled patients with stage Ill and IV disease, and used a
sub-optimal dose of cisplatin (75 mg/m*U(")-H-089-,-55&"3";0-,7/74302"5:1K0+:;"343,2575"+."
patients treated with neo-adjuvant chemotherapy revealed promising results; the two-year
PFS was 37.2% in the HIPEC group and 29.5% in control group (HR for PFS 0.288 [CI 0.083-
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0.996]), the five-year OS was 47.9% in HIPEC group and 27.7% in control group. We await
the publication of the full results of this trial before drawing further conclusions.

The OVHIPEC-1 trial populaton and sarcopenia

Previous studies reported worse outcome in patients with ovarian cancer and a reduction

74" ['5G,-" /355" D:074K" 4-+?3DL:H348" 80-3B/?48(o validate these findings, we
343,21-D"69-89-0"3"D-G0-35-"74"5J-,-83,"/:5G,-"/355"0+0"530G+;-473U"D:074K"4-+?3DL:H348"
chemotherapy was associated with worse outcome in the OVHIPEC-1 patients.??2%"\,89+:K9"

a loss of skeletal muscle mass was detected in 65% of the present cohort, we did not
confirm the earlier findings as sarcopenia during two cycles of neo-adjuvant chemotherapy
635"4+8"355+G738-D"6789";++0" +:8Rapte® 4U("\";+5571,-"0-35+4" .+0"89-",3GJ" +." 34"
association between decrease of skeletal muscle mass and outcome is the fact that our

study population is relatively fit and does not fully represent the real-world ovarian cancer
population. We did observe a significant association of sarcopenia with reported toxicities

This finding might indicate that skeletal muscle depletion is a measure of clinical fitness that
impacts the patients’ ability to receive maximum treatment and thereby affects survival,

rather than being an independent prognostic variable on its own.

Mechanism of action of HIPEC
X307+:5"755:-5"0-K30D74K"89-":5-"+."FSW]P"74"+H30734"G34G-0"0-/374("R4-"5:1L-G8"+."D-138-"
deals with HIPEC’s mechanism of action and in particular the contribution of hyperthermia.

In addition, the optimal technique, timing, regimen, dose and concentration are not yet

=0, 2"JA+64(

In vitro and in vivo research shows that hyperthermia to 41-43 °C has a direct cytotoxic

effect on tumor cells and induces heat-shock proteins that serve as receptors for natural

killer-cells, leading to apoptosis and inhibiting angiogenesis.??¢"F2;-089-0/73"3,5+"G3:5-5"
depletion of BRCAL" 34DBRCA2" ;0+8-74" 34D" 89:5" 7/;37TRRCAL/2 protein function.
\5"3"0-5:,8&"8:/+0" G-,,5"30-"D7531,-D" 8+"0-;370" D+:1,-?58034D" 10-3J5" 34D" 1-G+/-" /+0-"
homologous recombination deficient (HRD), thereby sensitizing these tumors to the

platinum containing or alkylating chemotherapy that is introduced during HIPEC.?%3%"
Hyperthermia thus increases the cytotoxicity of platinum compounds and alkylating agents

by enhancing the creation of DNA adducts leading to cell death.%3 3

In vitro research showed that intraperitoneal administration of cisplatin results in
therapeutic intracellular drug concentrations, with a penetration depth of 1-3 mm.%®
% Multiple cytotoxic agents are used for administration of HIPEC. Platinum containing
chemotherapy such as carboplatin, cisplatin, oxaliplatin, but also mitomycin C, paclitaxel
and 5-fluorouracil are used. The intrinsic activity of a chemotherapeutic agent is leading for
the agent of choice. Ovarian cancer is in general sensitive to platinum agents, and cisplatin
was the agent of choice. Cisplatin has the ability to reach relatively high intracellular
concentrations, with a penetration depth of 1-3mm. Dosing of chemotherapy is usually
based on a patient’s body surface area (BSA). The chemotherapeutic agent is dissolved
in heated saline, and the total volume that is used to fill the abdomen depends on the
size of a patient’s intraperitoneal cavity. BSA, however, is not an accurate surrogate for the
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peritoneal surface or abdominal capacity. As a result, there is a variation in the delivered
concentration of chemotherapy.®” Concentration based intraperitoneal chemotherapy dose
methods might therefore be implemented to optimize dose delivery.

HIPEC can be performed using an open or closed (also called “coliseum”) technique.*®'M789"
89-"+;-4"8-G9479g:-&"89-"5:0K-+4";:,,5"89-"5:00+:4D74K",3;30+8+/2"5J74"8+630D5"3"0-803G8+0"
074K"8938"75"5:5;-4D-D"31+H-"89-"31D+/743,"5:0.3G-("\4"-,-H38-D"07/"75".+0/-D&";0+H7D74K"
3GG-55"8+"89-"31D+/743," G3H782" D:074K" 89-";0+G-D:0-(" M789" 89-" G,+5-D" 8-G947Qg:-&" 89-"
,3;30+8+/2"5J74"-DK-5"30-"08-/;+0307,2U"5:8:0-D"D:074K"89-";0+G-D:0-("S4"1+89"/-89+D5&"
inflow and outflow catheters and temperature sensors are placed inside the abdominal

cavity in a similar way. The open technique is mostly preferred, as temperature regulation is

more consistent and fluid distribution is easier controlled. Moreover, manual manipulation

or “stirring” of the fluid is more effective with the open technique. The role of manual

manipulation is uncertain, but because of the circulation that is created using inflow and

outflow catheters, logically this results in more stable concentrations and a larger area of

contact of the chemotherapeutic solution with the peritoneal surface. Sugarbaker et al.
59+6-D"8938"G+483G8"6789"89-";-078+4-:/"635"Q:78-"H30731,-&"69-4"74.:574K"1,:-"D2-"748+"
89-";-078+4-3," G3H78@(overcome this, the closed system is used with a single inflow

catheter and often multiple outflow catheters.*® 4" P:00-48,2"3H37,31,-"-H7D-4G-"5:KK-585"

both HIPEC techniques are effective, and safe with regard to exposure of chemotherapy to
9-3,89"G30-";-05+44% (A comparative, randomized study could distinguish efficacy and

toxicity of both techniques, but until today, these studies do not exist.

Intraperitoneal administration of chemotherapy specifically targets remaining microscopic
disease after complete cytoreduction. In vitro research showed that intraperitoneal
administration of chemotherapy results in higher intracellular concentrations, compared
to intravenous administration of chemotherapy, with limited systemic exposure.® 36 43" "

to 50% of patients with high-grade serous ovarian cancer are homologous recombination
deficient (HRD) due to germline or somatically acquired BRCA1" +0BRCA2 mutations,
epigenetic inactivation of BRCA1&"+0"+89@" ?74D-;-4D-48"D-.-G85"74"89-"FC";389632(
4 Platinum containing agents are specifically effective in the absence of homologous
recombination, since chemotherapy-induced double-strand breaks now will lead to
activation of error-prone double-strand repair mechanisms such as nonhomologous end
L+7474K&",-3D74K"8+"K-4+/7G"7458317,782"3#D"G-,,?D-389(

Presumably, tumors with an intermediate phenotype between HRD and HR proficiency,

may derive most benefit from HIPEC, since hyperthermia will further impair BRCA1"34D"
BRCA2&" G+4.-0074K" 3" [+0-" ;0+.+:4D" FCV" ;9-4+82{¢" W+5571,2&" 89-" 92;-089-0/73" +."
the HIPEC procedure further sensitizes these HRD-prone tumor cells to the platinum-
G+/;+4-48("S4hapter 8 we show that HIPEC appeared to provide little benefit in patients

with germline or somatic pathogenic mutations in BRCA1/2("\5" 89-5-" 8:/+05" 30-" H-02"
platinum sensitive, HIPEC may not add benefit over intravenously administered platinum.
\5"78"5--/5&"8BRCAL1?,7J-D!" wt tumors are additionally impeded in repairing double

strand breaks by HIPEC, sensitizing them for the cisplatin compound in HIPEC and further
(G9-/+89-03;2"80-38/-48("Q9BRCA1?,7J-"5838:5"/7K98"1-"-a;,374-D"12"+89-0"/-G93475/5"
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8934BRCA1 dysfunction and thus there might be residual BRCA1" +OBRCA2 function,
explaining the possible effect of HIPEC and hyperthermia in these patients. Translational
studies analyzing potential biomarkers, the genetic background, and homologous repair
deficiency may help selecting patients who will benefit most from HIPEC.%ranslational
mouse models and organoid studies could cover the separate effects of hyperthermia and
chemotherapy, the optimal temperature, duration, the use of different chemotherapeutic
regimen or even PARP-inhibition, and the optimal fluid concentration, as is already done in
0-G-48",78-038:04"

To identify tumors that harbor HRD, DNA copy number variation (CNV) profiles generated

by comparative genomic hybridization (CGH) can display gains and losses over the genome.
P+/;:8-0" 135-D" 3,K+0789/5" G34" G,3557.2" 8:/+05" 748+40'1-7TAKJ-" +0" 4+@? ?,7J-&"
based on the CNV-profile derived data.(14-18) Recently, such a classifier was developed to
G,355"+H30734"8:/+05" BRAB ke or non-like CNV-profile, and was validated on a large
D3835-8(

Identifying the HRD tumors is increasingly relevant for treatment selection. Different
HRD-tests are currently used to differentiate HRD from HR proficient ovarian and breast
tumors. These tests are based on 1) scores capturing large genomic aberrations, so-called
‘genomic scars’, 2) analysis of mutational signatures or 3) point mutations identified in
homologous recombination repair genes using DNA sequencing panels.5*%"'Q9-"3GG:03G2"
+."89-5-"8-585&"9+6-H-0&"0-/3745":4G-08374&"574G-"89-0-"75"4+"3GG-;8-D"K+,D"5834D30D" 34l
the false negativity and false positivity can never be confirmed.®"SD-3,,2"89-0-"6+:,D"1-"
one uniform functional test, able to for adequate treatment selection. Genome-wide copy-
number aberration data can be used to visualize genomic scar signatures of defective
V)\"0-;370" 74" 8:/+05¢ % So called copy-number variation profiles give insight in gains

and losses of genomic sequences, and based on this profiles tumors can be grouped to
specific mutational patterns, resembling homologue-recombination deficient tumors. We
developed an algorithm-based classifier, able to classify BRCA1/2"/:838-D"8:/+05"35"1-74K"
,0I'" -like, with 100% sensitivity in recognizing BRCA1"/:838-D"8:/+05" 74" 89-"RXFSW]P?%"
G+9+0&Hapter 7U("R."3,,"8BRCA1-like tumors, over 50% was explained by mutations in
BRCA1"+(BRCA2&"+89-0"FCV?0-,38-D"K-4-BRCAQ promotor hypermethylation.

Patient selection

To find predictive factors for the effect of HIPEC in patients with ovarian cancer in order to

select the right patient population and prevent overtreatment, we perform several subgroup
343,25-5".+0"0-G:00-4G-?.0--"34D"+H-03,,"5:0H7H3,"890+:K9+:8"8975"89-575("":1K0+:;"343,25-5"
for recurrence-free and overall survival showed that the effect of HIPEC was homogenous

across the levels of pre-defined stratification factors (institute, previous surgery, and the
4:/1-0"+."74H+,H-D" 31D+/743,"0-K7+45U" 34D";+58?9+G" 5:1K0+:;?343,25-5" O3K-&" 9758+,+K7G"
82;-&";0-H7+:5",3;30+5G¢fzdpter 2U("]a;,+038+02"5:1K0+:;"343,25-5"6-0-";-0.+0/-D"+4"

response to neo-adjuvant chemotherapy and PCl-score, showing a similar effect of HIPEC
3G0+55"3,,"5:1K0+chapter 3). Subgroup analyses for patients with a BRCA1/2"/:838-D"
8:/+0&"3BRCA1?,7J-D!" 68"8:/+0&"+0"3"4-BRCAL-like tumor, suggested that patients
6789"583K-"SSS"+H30734"G3BRIXBJikE'genomic profile without pathogenic BRCA1/2"
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mutations, possibly benefit most from treatment with interval cytoreductive surgery and

FSW]P¢lkapter 8). Caution is warranted when emphasizing the effects within subgroups

of a randomized trial. Subgroup analyses are generally undertaken to investigate the

consistency of the trial conclusions among different subpopulations defined by baseline

characteristics of the patients. A statistical test for interaction is the basis for conclusion
0-K30D74K"89-"0,3GJ"+.U"G+45758-4G2("\" G+//+4"[7583J-"75"8+" G,37/"9-8-0+K-4-782" +4" 89-"
basis of separate tests of treatment effects, for example within inclusion centers, without

formal test for interaction.?” Though the effect of HIPEC is negligible in BRCA1/2/"8:/+05&"

preferably further powered analyses should confirm the earlier mentioned results.

Implementaton of HIPEC for interval cytoreducton

Following the results of the OVHIPEC-1 trial, HIPEC added to interval cytoreductive

surgery was implemented in the Netherlands in 2019 and included in various international

guidelines. The treatment is offered to stage Ill patients undergoing interval cytoreduction

74" %$" V:8G9" 9+5;783,5(" Q9-" 1-K74474K" +." 89-" PRXSV?%<" ;34D-/7G" 0-D:G-D" 4:/1-05" +."
FSW]P";0+G-D:0-5";-0.+0/-D&" /[+58,2" 35" 3" 0-5:,8" +." 89-" 74G0-35-D" ;0-55:0-" +4" 748-457H-"
care units. Although there is national willingness, HIPEC might still be seen as an additive

rather than standard of care, as it shortly ebbed away in this precarious situation."

For the financial coverage of HIPEC following interval cytoreduction for patients with

advanced ovarian cancer, we studied the cost-effectiveness of the addition of HIPEC by

constructing a Markov health-state transition model. The incremental cost-effectiveness

ratio (ICER), expressed as Euro per quality-adjusted life-year (QALY) was calculated. Although
80-38/-48"6789"748-0H3,"PC"34D"FSW]P"G+585"31+:8"v%B(B$$"-:0+"/+0-"8934"6789+:8"FSW]P&"
it is accompanied by a substantial gain in mean QALYs, from 2.12 without HIPEC to 2.68 in
89-"K0+:;"80-38-D"6789"748-0H3,"PC™" 34"FSW]P("Q9-"SP]C"3/+:48-D" 8+" v#>&#<<";-0" Y\d&"
697G9" 75" :4D-0"89-"V:8G9" 67,,74K4-5578+7;32" 890-59+,D" €Hapte& $EK"Q9-5-"

results lend support for reimbursing the costs of treating these patients with interval CRS
34D"FSW]P"74"G+:4807-5"6789"G+/;3031,-"9-3,89"G30-"5258-/5("Q9-"343,2575"0-;0-5-485"89-"
cost-effectiveness of the trial situation, and incorporates all study measurements, also for

follow-up. A budget impact analysis of HIPEC for ovarian cancer after implementation on a

Nation-Wide level, could therefor result even in slightly lower costs. The results only imply

to the current setting, but could alter in other treatment settings, countries, or health-

care systems. Although the implementation of HIPEC requires education of staff, nurses,

operation room team, involvement of a perfusionist, operation equipment, training of

34-589-573" -a;-085&" ;930/3G7585&" 934D, 74K" +." 8+a7G" 6358-&" 5;7,," /343K-/-48&" ;
protection, diuresis control, preventive measures against renal toxicity, temperature

regulation and electrolyte control; these measures are all close to the standards for regular

surgery and chemotherapy care. The additional costs do not come close to costs of novel

treatment strategies, such as costs for niraparib (~¥330 euro per patient per day, ICER =

235.000 dollar per PFS life-year), or bevacizumab (~3.000 euro per cycle, per patient in the
)-89-0,34D5K(

HIPEC and primary cytoreductve surgery
Because the OVHIPEC-1 results are only considered relevant for the patient population that
resemble the included patients in the study, HIPEC is now implemented for stage Il patients
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that need neo-adjuvant chemotherapy. For patients with the same stage ovarian cancer but
less extensive abdominal disease, who can undergo primary cytoreduction, the additive
effect of HIPEC is considered not to be justified. Apart from the extend of disease, these
patient-groups are very much alike the OVHIPEC-1 population, with the same nature of the
disease, tumor genetic background, and the same hypothesis for working mechanism of
HIPEC. For pharmaceutic treatment options, quite regularly trial results are extrapolated
to broader patient groups than included in the evidence providing trials. For example,
89-"WCSM"58:D2" 59+6-D" -H7D-4G-"8938")703;3071" 7/;0+H-5" 0-G:00-4G-?.0--" 5:0H7H3," 74"
3DH34G-D"583K-"+H30734"GBYiGsb(dy, 99.6% of patients had residual disease >1cm
after primary cytoreduction, for whom 67% received neo-adjuvant chemo and secondary
cytoreduction. EMA registration nevertheless includes all patients with advanced stage
ovarian cancer, regardless of the timing and success of surgery. This is just one example of
the inconsistent judgement of extrapolation of study results within the field of oncology.

Given the reluctance to the uptake of HIPEC for ovarian cancer patients, and to prevent

unjustified extrapolation of results, we designed the OVHIPEC-2 study (NCT03772028).5"

The OVHIPEC-2 trial evaluates if HIPEC is also beneficial in combination with upfront

cytoreductive surgery. Patients with stage lll ovarian cancer are eligible after complete

or nearly complete (residual disease <2.5mm) primary cytoreductive surgery and are

randomized (1:1) to receive HIPEC or no HIPEC. Patients are stratified for the institute
74"697G9"89-2"30-"80-38-D&" .+0" ,+6" 0$?%BU&" 748-0/-D738-" O%A?f$U&" +0" 97K9" Of%? @BU'
WPS" 5G+0-" 38" 89-"58308" +." 5:0K-02&" 34D" .+0" 89-" G+/;,-8-4-55" +." 5:0K-02" OPP$b" G+/;,-8-"
cytoreduction, or CC1: residual disease up to 2.5mm). All patients are treated with six cycles

of adjuvant chemotherapy. The trial is designed as an open-label, international, multicenter
034D+/71-D";935-"SSS"8073,&"6789"+H-03,,"5:0H7H3,"35";07/302"-4D;+748(""-G+4D302"-4D;+7485
are recurrence-free survival, time to subsequent anticancer treatment, and toxicity. Time

to second subsequent anticancer treatment, quality of life analysis and economic- and cost-

effectiveness are exploratory endpoints. Intra-operative randomization after cytoreduction
67,,"[747/71-"5:0K7G3,"1735"G3:5-D"12"89-"+;-4?,31-,"D-57K4("Q9-"RXFSW]P?#"8073,"75"G:00-48,2
recruiting in the Netherlands and France, and will be recruiting in other countries as well.

Primary cytoreductive surgery, HIPEC and adjuvant intraperitoneal chemotherapy

Since the publication by Armstrong et al. on primary cytoreduction with adjuvant intra-

peritoneal chemotherapy, this option is offered to our patient today in the Netherlands in
3"5-,-G8-D"4:/1-0"+."9+5;783,bhis resembles the exact target population for OVHIPEC-2,

and therefore this adjuvant option is also included in the OVHIPEC-2 trial. As adjuvant
intraperitoneal chemotherapy can be accompanied by nausea, renal dysfunction, pain and

catheter related problems, safety of the combination of HIPEC followed by intraperitoneal
G9-/+89-03;2"75"5807G8,2" G+480+,,-D("Q9-"D-G757+4" .+0"3DL:H348" G9-/+89-03;2"59+:,D"4+8"
affected by the outcome of randomization, and therefore numbers of patients receiving
74803;-078+4-3," G9-/+89-03;2" 74" -3G9" 30/" 75" [+478+0-D(" S4803;-078+4-3," G9-/+89-03;2"
is often discussed when counseling patients, but in the end only applied to the minority

of patients who undergo primary cytoreductive surgery. No trial has compared HIPEC

with adjuvant intraperitoneal chemotherapy and the relative or added efficacy of both
interventions is thus unknown.
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A changing landscape

S4"89-",358"D-G3D-&"4+H-,"5258-/7G"58038-K7-5" 35" D+5-?D-45-"G9-/+89-03;2&"/3748-434G-"
anti-angiogenic therapy, maintenance PARP inhibition have been introduced in the
80-38/-48"+."3DH34G-D"+H30734"E34G-068"5807J74K"6-0-"89-"0-5:,85".0+/"89-"RdAR ?%"
trial, where the risk of disease progression or death was 70% lower with olaparib than with

placebo after a median follow-up of 41 months.5™"Q0-38/-48"6789"W\CW?7497178+05"75"4+6"
standard of care following response to platinum-containing chemotherapy. Results from

the PRIMA and VELIA trial emphasize the effect of PARP-inhibition in the HR-deficient and
BRCA1/2 mutated populations.®® ¢ PARP-inhibitors are probably less effective in tumors that

shift more towards HR-proficiency. In the PRIMA subgroup of patients with homologous-
recombination proficient tumors, the median duration of progression-free survival was 8.1

months in the niraparib group and 5.4 months in the placebo group (hazard ratio, 0.68;

95% Cl, 0.49 to 0.94).%° Although this 95%-Cl for the HRP subgroup is statistically significant,

this most likely reflects a lack in specificity in the HRD/HRP classification or unknown
mechanisms of action of PARP-inhibitors in only a small subset. As said before, 99.6% of the

stage Ill patients in the PRIMA trial had residual disease after primary cytoreduction, 67%
received neo-adjuvant chemotherapy and interval cytoreduction. When comparing the
WCSMN"CN"+."89-"4703;3071"K0+:;"O>(%'%+@889189-"0-5:,85"+."89-"G+480+,?30/"+."89-"
study of Armstrong et al. (18.3 months after complete/optimal primary cytoreduction)°&"8975"

only highlights the importance of complete surgery, and reminds us that we could question

the use of PARP-inhibitors for HRP tumors, especially after complete or near complete

surgery. An appropriate and uniform HRD test should distinguish the patients without HRD
mutations that might benefit from treatment with PARP-inhibition. Overtreatment with

PARP inhibition goes at a high price, with costs of about 100 euro per patient per day, but

also with various consequences in terms of toxicity (grade 3-4 anemia in 22%), and should
1-"3H+7D-D"35"/:G9"35";+55%1,-(

Whether HIPEC and PARP-inhibition strengthen or counteract each other’s effects is yet
unknown. What is the additional effect of HIPEC once all patients receive maintenance
WACW?7497178+05&" +0" H7G-" H-053s" R: Qttavpler 5 B KK-585" 8938" 80-38/-48" 6789"
HIPEC might be withheld for patients with BRCA1/2 mutations; those that are most likely

to benefit from treatment with PARP-inhibitors, even with curative potential.f"R:0"343,2575"
suggest that patients with HR-deficient tumors without BRCA1/2 mutation are most likely

to benefit from HIPEC. For patients with HR proficient tumors treatment with HIPEC is
G:00-48,2",-55"G+4H74G74K&"1:8"35"52/;8+/"1:0D-4"34D"G+585"+."80-38/-48"6789"F
low, these patients could get the benefit of the doubt.

One might hypothesize that PARP inhibition and HIPEC act synergistically. PARP-inhibition
leads to stalling of replication forks due to accumulation of unrepaired single strand
DNA breaks. Stalled replication forks degrade into highly cytotoxic double strand breaks.
F2;-089-0/73"74D:G-5".:089BRCA1/2 protein degradation, and thereby sensitizes cells
to the DNA damage caused by platinum or PARP-inhibition.®* The relation between HIPEC
and PARP-inhibitors is yet unknown and should be investigated in future research.
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Concluding remarks

The OVHIPEC-1 trial shows that the addition of HIPEC to interval CRS improves survival
for patients with advanced ovarian cancer in whom primary cytoreductive surgery is not
feasible. HIPEC adds very little toxicity, and recent national and international guidelines
include the option to consider HIPEC at the time of interval cytoreductive surgery in
patients with stage Ill disease treated with neoadjuvant chemotherapy. Importantly, HIPEC
as addition to interval cytoreductive surgery is cost-effective and is now fully reimbursed
by the Dutch healthcare insurance. Treatment with HIPEC seems most effective for patients
6789"FCV?8:/+05" 67894BRBCA1/2 mutations, although these findings must be further
validated. If confirmed, BRCA1/2 tumor mutations and HRD profiles should be tested
before start of neo-adjuvant chemotherapy to optimize patient selection for HIPEC. PARP
inhibitors have successfully made their entrance into standard treatment options in the first
line, although the effect of PARP-inhibition for completely operated, HR proficient tumors
is unknown, and will remain unknown because of the implementation of niraparib for this
population. This might result in overtreatment and unnecessary spending, contributing to
89-":4-4D:031,-"9-3,89?G30-"5258-/"8938"6-"G:00-48,2".3G-(

Although scientific discussion about suggested novel treatment strategies is crucial, the
criticism regarding intraperitoneal treatment with HIPEC seems out of proportion when
comparedtothe ease of approval of expensive pharmaceutics. In particular, the ease at which
new drugs or new indications are increasingly approved based on limited uncontrolled data
from uncontrolled studies is in sharp contrast to the level of critique that implementation
of HIPEC has faced. Strong lobby from industry and pharmaceutical companies sometimes
0-5:,85"74"D-G757+4"/3J74K" 6789" D7H-0K-D"5834D30D5(" ¢,+13," 9-3,89G30-" -a;-4D78:0-5" 30-"
rapidly rising, and while pricing of medicines should be better controlled, also extension of
market authorization for new indications without sufficient evidence should be prohibited.

While the results of the OVHIPEC-1 trial are preferably confirmed in further large high-
quality trials, all evidence that is currently available points to a clinically relevant effect
of interval cytoreduction and HIPEC for ovarian cancer patients without adding much
toxicity. The treatment is cost-effective in healthcare settings similar to the Netherlands.
While others advocate that practice should not change until these results are confirmed,
we believe that HIPEC in addition to interval cytoreductive surgery should be discussed as a
valuable treatment option within the appropriate subset of ovarian cancer patients today.
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#$%@eB$O%BUL#B<#?A$%(

A@P9I34"*&"[03D2""N&"W-45+4"CQ&"F:34K"F&"[700-0"""&"M3,J-0"d&"-8"3,("M--J,2"H5("-H-02?f?
week paclitaxel and carboplatin for ovarian cancer. :(=#>*()(?% @%$%Aef=@0>Ub=f>?@>(

AB(0Oza AM, Cook AD, Pfisterer J, Embleton A, Ledermann JA, Pujade-Lauraine E, et al.
'834D30D"G9-/+89-03;2"6789"+0"6789+:8"1-H3G71:/31".+0"6+/-4"6789"4-6,2"D73K4+5-D"
+H30734"G34G-0"0OSPR)=Ub"+H-03,,"5:0H7H3,"0-5:,85"+."3";935-"f" 034£3%6/6-D"8073,("
1#$54$%Be%A0>Ub<#>?fA(

AA(Perren TJ, Swart AM, Pfisterer J, Ledermann JA, Pujade-Lauraine E, Kristensen G, et al.
\";935-"f"8073,"+."1-H3G71:/31"74"+H307 34" G34S*((? % @$%%efABOH#AULH#@>@ ?<A(

A= "+0-"*&"P+,+/1+")&"G3/173"c&™*7/"[c&"R3J474"\&"N07-D,34D-0""&"-8"3,(""3748-434G-"
olaparib in patients with newly diagnosed advanced ovarian cancer.(:(=#>*() (?%@%$%>e"
f=<O#AUb#@<B?#B%$B(

A>[ Coleman RL, Fleming GF, Brady MF, Swisher EM, Steffensen KD, Friedlander M, et al.

Veliparib with first-line chemotherapy and as maintenance therapy in ovarian cancer.
((=#>*() (7% @$%<e>%O#BUL#@ $F?#@%B(

A<('8-GJ,-74"'C&" *:/303563/2" 1&" [-91+D" N&" M34K" M&" P93K:8:0:" X&" F30,34?M7,,73/5"
d"&"-8"3,(" [CP\%" 34D" F'W<$" G++;-038-" 74" 9+/+,+K+:5" 34D" 4+4?9+/+,+K+:5" V)\"
double-strand-break repair and G2/M checkpoint activation. /&5$(:".*('$" @ (D$+(ID'(
#$%#e%$<Of@Ub%IABS?B(

=$(' Gabbasov R, Benrubi ID, O’Brien SW, Krais JJ, Johnson N, Litwin S, et al. Targeted
blockade of HSP90 impairs DNA-damage response proteins and increases the sensitivity
of ovarian carcinoma cells to PARP inhibition.(!"#$%&(,+5*(A%98$8<e#3$0=Ub%$fB?@B(

=0%6(Rose M, BurgessJT, 0’ByrneK, Richard DJ, Bolderson E. PARP Inhibitors: clinical relevance,
mechanisms of action and tumor resistance. Y&5#.(1%**(C%E#$53e>bBA@ASY0(
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Summary

HIPEC for ovarian cancer

RH30734"G34G-0"8938"935"5;0-3D"8+"89-";-078+4-3,"5:0.3G-"75"G38-K+071-D"35"583K-"SSS("Q0-38,
consists of cytoreductive surgery and six cycles of chemotherapy. Surgery can either be the

initial treatment (“primary cytoreductve surgery”) or can be planned after the first three

cycles of chemotherapy (“interval cytoreductve surgery”UF4B%&.<%&G+$(+#.&"B%&+.5#%"*(
chemotherapy, or HIPEC in short, is an additive treatment option in which the peritoneal
5:0.3G-"75"0745-D"6789"9-38-D"G9-/+89-03;2(

In this thesis, we described the results of the OVHIPEC-1 study. OVHIPEC-1 was the first

phase Ill study to evaluate the effect of HIPEC in primary ovarian cancer and randomized

245 patients to receive interval cytoreductive surgery with or without HIPEC. Patients were

eligible if primary cytoreductive surgery had not been feasible because of the extent of

their disease and disease did not progress after two cycles of neo-adjuvant chemotherapy

with carboplatin and paclitaxel. In chapter 2, we show that the addition of HIPEC to interval

cytoreductive surgery improves recurrence-free and overall survival benefit in patients
6789"583K-"SSS"+H30734"G34G-0("Q9-"/-D734"0-G:00-4G-?.0--"5:0H7H3,"635"%$(="/+4895" 74" 8¢
5:0K-02" 3,+4-"K0+:;" 34D" %@ (#" [+4895" 74" 89-" 5:0K-02tFSW]P" KO+:;(" Q9-"/-D734" +H-03,,"
5:0H7H3,"635"ff(<"/+4895"74"89-"5:0K-02"3,+4-"K0+:;"34D"@B(="/+4895"74"89-"5:0K-02tFSW]P"
KO+:;("Q0-38/-48"6789"FSW]P"75"53.-"35"0-;+08-D"8+a7G782"34D"3DH-05-"-H-485"6-0-"57/7,30"74"
both groups (25% in the surgery group and 27% in the surgery+HIPEC group).

The primary endpoint of the OVHIPEC-1 trial was investigator-assessed recurrence-free
5:0H7H3,("PQ?5G345"34D"5-0:/"P\?%#B"/-35:0-/-485"6-0-";-0.+0/-D" 38" 0-K:,30" 748-0H3,5"
for patients in both treatment arms. Nevertheless, any open-label study is prone to biased
-4D;+748"355-55/-485("Q9-0-.+0-&"6-";-0.+0/-D"G-4803,"1,74D-D"355-55/-48"+."3,,"3H37,31,-"
CT-scans of patients that participated in the trial. This central assessment confirmed the

benefit of adding HIPEC to interval cytoreductive surgery (chapter 3)"34D"74D7G38-D"8938"
open-label bias had minimal impact on the results. In addition, we analyzed the primary site

of disease recurrences and found confirmed that HIPEC specifically targets the peritoneal

surface: the cumulative incidence of peritoneal recurrences was lower after surgery+HIPEC,

but there was no apparent difference in the cumulative incidence of extra-peritoneal
0-G:00-4G-5(

Q9-" PQ?5G345" 6-0-" .:089-0" :5-D" 8+" /-35:0-" 5J-,-83," /:5G,-" /355" 74D-a" D:074K" 4-+?
3DL:H348"G9-/+89-03;2('thdpter 4&"6-"D-5G071-"8938"3"D-G0-35-"74"5J-,-83,"/:5G,-"/355"
0530G+;-473U"D:074K"4-+?3DL:H348"G9-/+89-03;2"635"4+8"355+G 738-D"6789"6+05-"0-G:00-4G-?
free or overall survival. This finding is in contrast with earlier results, possibly due to the fact

that our study population is relatively fit and may not fully represent the real-world ovarian

cancer population. We did observe a significant association of sarcopenia with reported

side-effects from neo-adjuvant chemotherapy, indicating that sarcopenia measured on CT-

scans can be a surrogate measure for treatment-burden or overall fitness.

0l11
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S4¢hapter 5, we describe our analyses of patient-reported health-related quality of life,

assessed with questionnaires specific for reporting quality of life within the OVHIPEC-1

population. Health-related quality of life was a secondary endpoint of the OVHIPEC-1 trial,
34D"343,25-5".+G:5-D"+4"3"K-4-03,"5://302"5G+0-".+0"g:3,782"+.",7.-&"34D"52/;8+/"5G+0-5".+0"
fatigue, neuropathy and gastro-intestinal symptoms. No significant differences in general

quality of life were observed over time, when comparing ovarian cancer patients treated

with or without HIPEC. The pattern over time of symptom scores for fatigue, neuropathy

and gastro-intestinal symptoms were similar as well.

The addition of HIPEC to the treatment of patients with ovarian cancer has some additional

consequences. The median duration of surgery is prolonged with about 2.5 hours (chapter

2), the rinsing equipment and a perfusionist are needed during the procedure, patients

are admitted to the medium or intensive care unit for one day after HIPEC and the total

duration of hospitalization is prolonged. Whether the benefits of HIPEC outweigh these

additional costs, was analyzed in a cost-effectiveness analysis that we describe in chapter 6("
M-"59+6-D"8938"80-38/-48"6789"FSW]P"75"3GG+/;347-D"6789"34"74G0-35-"74"G+585"+."v%B(B$$
per patient. We also show that treatment with HIPEC results in a yield of quality-adjusted

life years (QALYs). The incremental cost-effectiveness ratio (ICER) amounted to €28,299 per
Y\dI"K374-D&"697G9"75":4D-0"89-"67,,74K4-55?8+7;32"890-59+,D" +."v>$&$$3$";-0" SP]C" 74" 89-"
)-89-0,34D5(

The improved survival, limited side-effects, maintained patient-reported quality of life, and
the acceptable cost-effectiveness, all support the addition of HIPEC to interval cytoreductive
surgery in patients with stage Il ovarian cancer. Following these results, HIPEC is now
implemented in this setting in the Netherlands and incorporated in various international
guidelines. Nevertheless, some gynecologists raised various points of critique regarding
D-57K4"34D"0-5:,85"+."RXFSW]er4ptesa; we discuss these issues including timing of
randomization, surgical quality, open-label design, random imbalances between treatment
30/5&"K-4-03,71317,782&"34D"89-"H3,:-"+."92;-089-0/73"35"3"G+/;+4-48"+."FSW]P("\"0-/37474K"
question is whether the benefits of HIPEC are similar for stage Il ovarian cancer patients
treated with primary surgery. This issue is the topic of the international phase Il OVHIPEC-2
trial, which is currently open for patient accrual.

One of the possible mechanisms of action of HIPEC is that hyperthermia causes depletion

+."BRCAL1" 34DBRCA2";0+8-745BRCA1/2";0+8-745" 74" 3" 08:/+0UG-,," 30-"G0:G73," .+0"D+:1,-"
58034D-D" V)\?D3/3K-"0-;370(" S4" G35-"8:/+0" G-,,5" BRTAEP2 mutations (and thus
protein-disfunction), these cells are homologous recombination deficient and will not be

able to recover from platinum-induced DNA damage. The elevated temperature of HIPEC,

75" 89+:K98" 8+";:59" G-,,5" 893BbBMIbgous recombinaton profcient” 8+630D5" 3" 5838-"
+."homologous recombinaton defciency. This effect disables them to recover from the
57/:,834-+:5,2"3D/74758-0-D" G9-/+89-03;2"D:074K"FSW]P&"6789"/+0-"8:/+0?G-,,"D-389" 35"
3"0-5:,8("Shapter 7 we validated a newly developed algorithm-based classifier. Based on

the copy-number variation of the tumor, this test is able to identify a BRCA-like genomic
5G30"8938" 75" 355+G73&hbmer&us recombinaton defciency(" Q975" 8-58"5:GG-55.:,,2"
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classifies the genetic profile of ovarian tumors in the OVHIPEC-1 trial into being BRCA1?,7J-"
+0"4+8BRCA1-like, with a sensitivity of 100% in recognizing BRCAl-mutations.

Q9-"343,25-5" thapter 8 strengthen the hypothesis that hyperthermia creates a shift
8+630D&bmologous recombinaton defciency("M-"59+6"8938"8:/+05"9301+0BREA1/2"
mutations (17%) respond well to the standard chemotherapy agents and do not seem to

benefit from the addition of HIPEC. On the other hand, tumors that are BRCA1/2 negative,

1:8" 30-'homologous recombinaton defcient (32.5%), are most likely to benefit from
80-38/-48"6789"FSW]P("N+0"8:/+05" 6789+HR@Y?,7J-"5G30&" 8938" ,-34" /+0-"8+630D5"
homologous recombinaton profciency (50.5%), the addition of HIPEC is currently less
convincing. These findings must be further validated.

All data available today, points towards a beneficial, safe, and cost-effective use of HIPEC

for patients with stage Ill ovarian cancer. The scientific discussion that was raised regarding

FSW]P&" 75" 74" K0-38"G+480358"6789"89-"-35-"38"697G9" 4+H-,&"-a;-457H-"D0:K5" 30-" 3;;0+H-D
sometimes after uncontrolled studies. While the results described in this thesis should

preferably be confirmed by further large, high-quality trials, the current evidence shows

that HIPEC in addition to interval cytoreductive surgery is a valuable treatment option

within the appropriate subset of ovarian cancer patients.
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Samenvatting

HIPEC voor eierstokkanker

17-058+JJ34J-0" D38" 75" :78K-1337D" 4330" 9-8" 1:7JH,7-5&" +." ;-078+4-3,-" +;;-0H,3J&" 6+0D8"
gecategoriseerd als stadium Ill. De behandeling bestaat uit een operatie, ookwel

“cytoreducteve chirurgie” en zes kuren chemotherapie. De behandeling kan starten met

een operatie (“primaire cyotreducteve chirurgie”) of de operatie kan worden gepland na

de eerste drie kuren chemotherapie (“interval cytoreducteve chirurgie”). Hypertherme

intraperitoneale chemotherapie, kortweg HIPEC, is een additieve behandeling waarbij het

buikvlies wordt gespoeld met verwarmde chemotherapie tijdens de operatie.

In dit proefschrift hebben we de resultaten van de OVHIPEC-1 studie beschreven.

OVHIPEC-1 was de eerste fase lll-studie die het effect van HIPEC bij primaire eierstokkanker

evalueerde, waarbij 245 patiénten gerandomiseerd werden om interval cytoreductieve

chirurgie met of zonder HIPEC te ondergaan. Patiénten kwamen in aanmerking als de

primaire cytoreductieve chirurgie niet haalbaar was vanwege de omvang van hun ziekte,

en de ziekte niet verergerde na twee kuren chemotherapie met carboplatine en paclitaxel.

S4Hoofdstuk 2 laten we zien dat de toevoeging van HIPEC aan interval cytoreductieve

chirurgie de ziektevrije- en algehele overleving bij patiénten met stadium Il eierstokkanker
H-01-8-08("V-"/-D734-"0-G7D7-.HO7L-"+H-0,-H74K"635"%$&="/334D-4"74"D-"G970:0K7-?K0+-;"-4"
%@&#'/334D-4"74"D-"G970:0K7-tFSW]P"KO+-;("V-'/-D734-"8+83,-"+H-0,-H74K"635"ff&<"/334D-4"
74"D-"G970:0K7-?K0+-;"-4"@B&="/334D-4"74"D-"G970:0K7-tFSW]P"KO0+-;("V-"1-934D-,74K"/-8"
FSW]P"75"H-7,7K&"334K-17-4"D-"K-03;;+08--0D-"8+a7G78-78"-4"17L6-0J74K-4" 74" 1-7D-"KO0+-;-4'
vergelijkbaar waren (25% in de chirurgiegroep en 27% in de chirurgie+HIPEC-groep).

Het primaire eindpunt van de OVHIPEC-1-studie was de tijd tot terugkeer van ziekte,

door de behandelaar geévalueerd. CT-scans en serum CA-125 metingen kunnen
aanwijzing geven voor terugkeer van ziekte. Deze metingen werden daarom uitgevoerd

met regelmatige tussenpozen voor patiénten in beide behandelingsarmen. Desondanks
75"-,J-"+;-4?,31-,58:D7-"K-H+-,7K"H++0"H-08-J-474K"H34" D-"-74D;.48-4&" +/D38" D-"3085"-4"
de patiént op de hoogte zijn van de behandelgroep. Daarom voerden we een centrale
geblindeerde beoordeling uit van alle beschikbare CT-scans van patiénten die deelnamen

aan de studie. Deze centrale beoordeling bevestigde het voordeel van het toevoegen van

HIPEC aan interval cytoreductieve chirurgie (hoofdstuk 3U"-4"K3."334"D38"+;-4?,31-,"1735"
een minimale impact had op de resultaten. Daarnaast analyseerden we de primaire locatie

van terugkeer van de zieke. We lieten zien dat HIPEC specifiek gericht is op het inwendige
buikvlies: de cumulatieve incidentie van terugkeer van ziekte op het buikvlies was lager

na chirurgie+HIPEC, en er was geen duidelijk verschil in de cumulatieve incidentie van
8-0:KJ--0"H34"17-38-"-,D-05"D34"9-8"1:7JH,7-5(

De CT-scans werden ook gebruikt om de skeletspiermassa te meten tijdens de behandeling
met chemotherapie voorafgaand aan de operatie. In hoofdstuk 4"1-5G907LH-4"6-"D38"--4"
afname van de skeletspiermassa (sarcopenie) tijdens de eerste twee kuren chemotherapie
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47-8"K-;330D"K74K"/-8"--4"5,-G98-0-"17-J8-HO7L-?"+."3,K-9-,-"+H-0,-H74K("V-I-"1-H74D74K"58338"
in contrast met eerdere resultaten, mogelijk door het feit dat onze studiepopulatie relatief

fit is en mogelijk niet volledig representatief is voor de gehele eierstokkankerpopulatie.

We hebben een significante associatie waargenomen van sarcopenie met gerapporteerde

bijwerkingen van de chemotherapie, wat aangeeft dat sarcopenie gemeten op CT-scans

een surrogaat meetinstrument zou kunnen zijn voor de belasting van de behandeling of

algemene fitheid.

SAoofdstuk 5 beschrijven we de analyses van patiént-gerapporteerde kwaliteit van leven,

beoordeeld met vragenlijsten die specifiek zijn voor het rapporteren van de kwaliteit van

leven binnen de OVHIPEC-1-populatie. Kwaliteit van leven was een secundair eindpunt

van de OVHIPEC-1 studie, en de analyses waren gericht op een algemene samenvattende
5G+0-"H++0",-H-45J63,78-78"-4"52/;8++/5G+0-5"H++0"H-0/+-7D9-7D&"4-:0+;3897-"-4"/33K?"
en darmklachten. Er werden geen significante verschillen in de algehele levenskwaliteit
waargenomen in de loop van de tijd, bij het vergelijken van eierstokkankerpatiénten die met

of zonder HIPEC werden behandeld. De symptoomscores gedurende de tijd na de operatie
H++0"H-0/+-7D9-7D&"4-:0+;3897-"-4"/33K?"-4"D30/J,3G98-4"635"-H-4--45"H-0K-,7LJ1330(

De toevoeging van HIPEC aan de behandeling van patiénten met eierstokkanker heeft enkele

bijkomende gevolgen. De mediane duur van de operatie wordt verlengd met ongeveer 2,5
:0"hoofdstuk 2), de spoelapparatuur en een perfusionist zijn nodig tijdens de ingreep,

patiénten worden na HIPEC opgenomen op de medium- of intensive care afdeling voor
--4"D3K&"-4"D-"8+83,-"D::0"H34"D-"17-J-49:75+,43/-"6+0D8"H-0,-4KD("R."D-"H++0D-,-4"H34"
FSWI]P"+;6-K-4"8-K-4"D-I-"-a803" J+58-4&" 75"K-343,25--0D" 74" --4" J+58-4?7138-4343,25-"D7-"
6-"74'hoofdstuk 6"1-5G907LH-4("M-"8++4D-4"334"D38"--4"1-934D-,74K"/-8"FSW]P"K-;330D"
gaat met een stijging van de kosten van ongeveer €15.500 per patiént. We laten ook zien
D38"--4"1-934D-,74K"/-8"FSW]P"0-5:,8--08"74"--4"+;10-4K58"H34",-H-45L30-4&"K-G+007K--0D"
voor kwaliteit van leven (quality-adjusted life years, of (QALY’s). De incrementele kosten-
138-4H-09+:D74K"OSP]CU"1-DO+-K"v#>(#<<";-0"K-6+44-4"Y\di&"638"+4D-0"D-"1-83,74K54+0/"
H34"v>$($$$";-0"SP]C"74")-D-0,34D", 7K8(

De verbeterde overleving, de beperkte bijwerkingen, het behoud van de door de patiént
gerapporteerde kwaliteit van leven en de aanvaardbare kosteneffectiviteit, ondersteunen

de toevoeging van HIPEC aan interval cytoreductieve chirurgie bij patiénten met stadium lll
eierstokkanker. Naar aanleiding van deze resultaten is HIPEC nu in deze setting in Nederland
geimplementeerd en opgenomen in diverse internationale richtlijnen. Desalniettemin
hebbenenkelegynaecologenverschillende puntenvankritiekop hetontwerpenderesultaten
H34"RXFSW]P?%"4330"H+0-4"K- 106 B¢k 1-5;0-J-4"6-"D-I-";:48-4&"6330+4D-0"

de timing van de randomisatie, de chirurgische kwaliteit, het open-label ontwerp, de

willekeurige onevenwichtigheden tussen de behandelingsarmen, de generaliseerbaarheid
-4"D-"6330D-"H34"92;-089-0/7-"3,5"+4D-0D--," H34"FSW]P("]-4" 0-58-0-4D-"H033K" 75" +."D-"
voordelen van HIPEC vergelijkbaar zijn voor stadium Ill eierstokkankerpatiénten die worden
1-934D-,D"/-8";07/370-"G970:0K7-("F-8"3486++0D"+;"D-I-"H033K"6+0D8"+4D-01+G98"H34"D-"
internationale, fase Ill OVHIPEC-2-studie, die momenteel openstaat voor de inclusie van

patiénten.
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Een van de mogelijke werkingsmechanismen van HIPEC is dat hyperthermie uitputting van
BRCA1?"-4BRCA2-eiwitten veroorzaakt. BRCA1/2-eiwitten in een (tumor)cel zijn cruciaal
H++0"9-8"9-058-,"H34"D:11-,580-4K5"V)\?5G93D-(" S4"9-8" RRA8 'AA34lUtaties (en

dus eiwit-disfunctie), zijn deze tumorcellen “homologous recombinate defciént” en zullen
[-"47-8"74"58338"17L4" +/"8-"9-058-,,-4"H34" G9-/+?K-|4D:G--0D-"V)\?1-5G93D7K74K-4(" X34"
D-"H-09++KD-"8-/;-038::0"H34"FSW]P&"6+0D8"H-0+4D-058-,D"D38"9-8"74"58338"75"8:/+0G-,,-4"
D7-"74"58338"[7L4"+/"8-"9-058-,,-4"H34" D-"G9-/+89-03;7-?5G93D-&"8-"H-034D-0-4"4330"--4"
58338"633074"1-"D38"47-8"/--0" J:4di0Ologous recombinate defciénte). Dit effect

voorkomt dat tumorcellen kunnen herstellen van de gelijktijdig toegediende chemotherapie

tijdens HIPEC, met meer tumorceldood als gevolg. In hoofdstuk 7"9-11-4"6-"--4"47-.6"

ontwikkelde, op een algoritme-gebaseerde test gevalideerd. Op basis van het genetisch

profiel van de tumor, is deze test in staat om een BRCA1-like genetisch profiel te herkennen
D38"K-355+G7--0D"6+0D8idrBblogous recombinate defciénte. Deze test classificeert

met succes het genetische profiel van eierstoktumoren in de OVHIPEC-1 studie als BRCA1?
,7J-"+."47BRCAL-like, met een sensitiviteit van 100% voor het herkennen van BRCA1?

mutaties.

V-"343,25-5" THbofdstuk 8"H-058-0J-4"D-"92;+89-5-"D38"92;-089-0/7-"--4"H-05G9:7H74K"
4330homologous recombinate defciénte H-0++0133J8(" M-",38-4"17-4"D38" 8:/+0-4"/-8"
BRCA1/2-mutaties (17%) goed reageren op de standaard chemotherapie, en niet lijken te
profiteren van de toevoeging van HIPEC. Aan de andere kant hebben tumoren die BRCA1/2"
negatief zijn, maar die wel een homologous recombinate defciént genetisch profiel hebben

(32,5%), de meeste kans om te profiteren van behandeling met HIPEC. Voor tumoren zonder
9-8BRCA1-like profiel (50,5%), is de toevoeging van HIPEC momenteel minder overtuigend.
V-1-"1-H74D74K-4"/+-8-4"H-0D-0"6+0D-4"K-H3,7D--0D(

Alle gegevens die op dit moment beschikbaar zijn, wijzen in de richting van een gunstig,

veilig en kosteneffectief gebruik van HIPEC voor patiénten met stadium Il eierstokkanker.
V-"6-8-45G93;;-,7LJ-"D75G:557-"D7-"6+0D8"K-H+-0D"+H-0"FSW]P"58338"74"5G907,"G+480358" /-
9-8"K-/3J"6330/--"47-:6-&"D:0-"K-4--5/7DD-,-4" 6+0D-4"K+-DK-J-:0D&" 5+/5"I-,.5" 43"
ongecontroleerde studies. Hoewel de resultaten die in dit proefschrift worden beschreven

bij voorkeur moeten worden bevestigd door grote, kwalitatief hoogwaardige studies,

toont het huidige bewijs dat HIPEC in combinatie met interval cytoreductieve chirurgie

een waardevolle behandelingsoptie is binnen de juiste subgroep van patiénten met

-7-058+3J34J3-0(
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aan te totstandkoming van dit proefschrift. Een aantal personen wil ik in het bijzonder
4+-/-4(

Allereerst gaat mijn dank uit naar alle patiénten die hebben deelgenomen aan het
wetenschappelijk onderzoek dat in dit proefschrift wordt beschreven.

A7L4" D34J" K338":78" 4330" /7L4" ;0+/+8+0" -4" G+7?;0+/+8+0&" ;0+.(" DO(" c(" '+4J-" -4" DO(" M("
H34"V07-,&" D7-" 1-7D-4" K-D:,D7K" 3DH7-5" -4" 1-K-,-7D74K" 9-11-4" K-K-H-4" K-D:0-4D-" 9-8"
+4D-01+-J5;0+G-5("X7-0"L330"K-,-D-4"363/"7J"/-8"6-747K"H++0J-4475"17L"L:,,7-"5+,,7G78-0-4("
Ik wil jullie bedanken voor jullie geloof in mij en jullie onuitputtelijke enthousiasme,

betrokkenheid en de ontzettend leerzame tijd.

Gabe, dank voor de vele wijze lessen. Ik bewonder jouw efficiéntie, je immer kritische blik,

en bovenal je onuitputtelijke kennis. Met je ietwat provocatieve manier van onderwijzen

wist je mij te motiveren en uit te dagen; het kan altijd korter, efficiénter, slimmer. Goed kan

altijd beter. Het sparren over studieresultaten, hypotheses, analyses, nieuwe studies of over

carriere plannen heeft mij ontzettend geholpen en heel veel nieuwe inzichten gebracht. Je

oog voor detail heb je (bijna helemaal) op mij over weten te brengen. Je krijgt een fles wijn

als je ooit nog een dubbele spatie in een van mijn teksten tegenkomt. Waar ik je in het
1-K74"5+/5"9-,-/33,"47-8"J+4"H+ K-4&"9-1"7J"9-8"K-H+-,"D38"7J"L-"4:"74"7-D-0"K-H3,"--4"1--8L-"
1-KO7L;&"6330H++0"9--,"H--,"D34J("F-8"75"--4"--0"+/"3,5"--058-"17L"L+:"8-"/+K-4";0+/+H-0-4(
Willemien, jouw bescheidenheid en zeer oprechte, pragmatische manier van werken zijn

een ongelofelijke inspiratiebron voor mij. Het maakt eigenlijk niet uit hoe ingewikkeld

(politiek of wetenschappelijk) het wordt: jij verliest nooit het belang van de patiént uit

het oog en je blijft altijd jezelf. Dat lijkt vanzelfsprekend, maar dat is het zeker niet in de
6-8-45G93;;-,7LJ-"6-0-,D"-4"D38"13,"/-"1-J-0"17L1,7LH-4("k+"J34"9-8"D:5" ++J}"~-8"L+:6"
empathisch vermogen en je nuchtere kijk op de situatie wist je me altijd gerust te stellen en

te motiveren. Jij hebt me veel vertrouwen en vrijheid gegeven en me tegelijkertijd de juiste

richting op gestuurd. Hiervoor wil ik je ontzettend bedanken.

c033K"I+:"7J"9-8"K-9-,-"RXFSW]P?8-3/"1-D34J-4"H++0"3,,-"1-80+JJ-49-7D"-4"8+-6 7LD 74K"
74" D-"3.K-,+;-4" L30-4(""7L4" D34J" K338":78" 4330" 3,,-" K243-G+,+K-4&" [-D75G9" +4G+,+K-4&"
G970:0K-4&"03D7+,+K-4"-4",389+,+K-4":78"D-"D--,4-/-4D-"G-4803&"-4"3,,-"34D-0-"G+?3:8-:05(

]-4"33483,"/-45-4"1+:"7J"K033K"67,,-4"1-D34J-4"H++0"D-"1-K-,-7D74K"-4"58:074K" 17L" 9-8"

tot stand komen van dit proefschrift. Beste Max Lahaye, jouw ontspannen en tegelijkertijd

kritische houding zijn ontzettend prettig om mee te werken, bedankt! Pia Kvistborg,
3,89+:K9"6-"6+0J-D"8+K-89-0"3",+8&"+:0";0+L-G8"75"53D,2"4+8"74G,:D-D"74"8975"8 /-
this only means that | am happy to say our collaboration does not end here. Thank you for
2+:0"5:;;+08("[-58-"F:K+"F+0,74K5&"H--,"D34J"H++0"3,"L-"1-80+JJ-49-7D"17L"3,,-";0+

en tijdens mijn promotie. Christianne Lok, ik wil je in het bijzonder bedanken voor jouw

betrokkenheid, goede raad en voor je creatieve oplossingen voor allerhande problemen.
[+H-43,&"1-D34J8"H++0"L-"3341-H-,74K"17L"M7,,-/7-4"H++0"D-I-"1334}
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I""#S%& H#(

X--,"D34J"K338"78"4330"D-"5683."H34"D-"3.D-,74K"/-D75G9-"+4G+,+K7-&"K243-G+,+K7-"-4"G970:0K7
van het AvL. Bedankt voor jullie hulp, interesse en betrokkenheid tijdens mijn aanwezigheid.

Dankzij jullie (en de leuke uurtjes op OK) heb ik een onvergetelijke en leerzame tijd gehad in
9-8"\Hd("S,5-&"307z,,-&"-4"35L3&"D34J"H++0"3,"L:,,7-"9:,;"74"D-"3.K-,+;-4"L30-4(

[-58-";0+.("X34"D-"X7LH-0&" 1-58-"*+-4&" 9--,"H--,"D34J"H++0"D-"+48-,130-":0-4"D7-"L-"/-8"
/7L"9-18"D++0K-103G98"3G98-0"D-"/7G0+5G++;("X343."9-8"--058-"/+/-48"635"L7L"1-80+JJ-4"
bij mijn promotie, en je spaarde kosten noch moeite om mij alles uit te leggen over het
+H307:/G30G74++/"-4"3,,-"+4D-01+-J5,7L4-4(""-"I+0KD-"-0H++0"D38"7J"543;8-"6330"7-D-0--4"
9-8"+H-0"93D("F-8"\Hd"75"9-,335"--4"9-,-"K+-D-";389+,++K"30/-0("V34J"H++0"3,,-5(

Karolina, many thanks for your support, the coffee moments, code-checks and discussions

about subgroup analysis, randomization, survival analysis and more. We could not have

done this without you. Many thanks for teaching me a little bit about statistics. Ik zou ook

graag Prof. H. van Tinteren, Mariette Schrier, Ingrid Mandjes, Alex Torres, Suzan Stijger,
'8-H-4"X349+:8H74&"d:D2" X3,J-4-8&"d7D6743" M-H-0&" " +57-4"*348&" Q9-0-53"*0++4"-4"\/3442"
[3305"1-D34J-4"H++0"3,"L:,,7-"1-80+JJ-49-7D"17L"D-"J,7475G9-"58:D7-5"-4"9-8"/343K-4"H34"D-"
D383&".+0/:,7-0-4"-4"G+4803G8-4&"1+4D-0"L:,,7-"635"9-8"47-8"K-,:J8}

Beste prof. Kruitwagen, u heeft mijn enthousiasme voor het gynaecologisch oncologisch vak
aangewakkerd, en ik wil u bedanken voor uw begeleiding tijdens dit traject. Beste Jorne,
D34J"++J"H++0"D-"K+-D-"53/-46-0J74K("[-58-";0+.("\30+45+4"-4""3G+17-4&"D34J"H++0"D-"
prettige samenwerking en jullie betrokkenheid.

Beste prof. Linn, beste Sabine, dank voor je onuitputtelijke enthousiasme, je kritische en
analytische blik, en de vele telefoontjes op woensdagochtend. Ik vond het een eer om met
L-"8-"/+K-4"6-0J-4("

F--,"H--,"D34J"334"D-"PN*"W["-4"D-"cPN&"74"9-8"17L1+4D-0"'8-4&"'344-&"\44-K7-4&"*3308L-&"
V-4475&"589-0&"-4"d74D-b"D34J"H++0"9-8"/--D-4J-4"-4"9-8"|+0KH:,D7K-"1-934D-,-4"H34"+4]-"
samples. Mark, dank voor je kritische blik en je scherpe vragen. Philip, heel veel dank voor

je betrokkenheid en je wijze lessen. Ik heb ontzettend veel bewondering voor je toewijding

en de manier waarop jij de kliniek met biostatistics weet te combineren.

A7L4"D34J"K338":78"4330"WO+.("H34"F308-4("[-58-"M7/&" 7J"6--8"4+K"K+-D"9+-"L-"D-"--058-"
H-057-"H34"+45"/34:5G07;8"9-,-/33,"9-18" +48,--D&" -4"D33043" | 74?H++0?[74" /-8"/7L" 9-18"
D++0K-4+/-4(""-"/347-0"H34"1-K-,-7D-4"H74D"7J"1-6+4D-0-456330D7K"-4"7J"H74D"9-8"D34"
ook een grote eer dat ik nu een functie mag bekleden binnen jouw onderzoeksgroep. Dank

voor deze kans. Beste Valesca, jij hebt mij de fijne kneepjes van de Health Technology
\55-55/-485"17LK-103G98&"-4"D330"1-4"7J"L-"9--,"D34J1330"H++0(" SJ"J7LJ":78"4330"--4"9-,-"
fijne samenwerking in de toekomst! Chris, dank voor al je uitleg en de fijne samenwerking.

En dan, mijn lieve O-vriendjes en vriendinnetjes, en ook alle lieve PhD’s uit het H-gebouw,

B-gebouw en tuinhuis, ik ben iedere dag vrolijk naar het O-gebouw gefietst, en dat was
absoluut dankzij jullie. Er was altijd wel een sappig weekendverhaal, koffie, een wandeling
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+."--4"HO7LD3K/7DD3K1+00-," +/"4330":78"8-"J7LJ-4(""7L4"/334D3K+G98-4D" 635" 5834D330D"
--4"0+4DL-"R?K-1+:6"-4"7J"K3"9-8"/755-4}"P+4K0-5"74"M-4-4&""3D07D&"W307L5"+."[30G-,+43&"
6748-05;+08&"+G98-4DL-5"74"9-8"C7LJI5/:5-:/&"6--J-4D-4"74"c-48&"\486-0;-4"+."k--,34D&"
boottochtjes, Lowlands of gewoon etentjes en wijntjes met de PhDivas in Amsterdam: te

veel leuke herinneringen om op te noemen. Jullie hebben deze tijd meer dan memorabel

gemaakt, dank! Ana, many thanks for the many coffee’s, beers and for teaching me about

neo-antigens.

X--,"D34J" ++J" 334" /7L4" +;H+,K-05&" C:12"-4" d+8("M38"9-11-4"L:,,7-"--4" H,7-K-4D-" 58308"
K-/33J8}"'V34JI17L"L:,,7-"K-D0-H-49-7D&"-489+:5735/-&" -4" -74D-,+I-" 741-8" 334" 7J" 3,,-5"/-8"
een gerust hart loslaten. Het is fantastisch om te zien hoe jullie het onderzoek zo succesvol

weten voort te zetten. Ik ben super trots op jullie.

Lieve Mette, Tessa en Lianne, dank voor de vele koffietjes, de inhoudelijke discussies, jullie
,.758-0-4D"++0"3,5"9-8"-H-4"8-K-4138&"H++0"9-8"H7-0-4"H34"D-"9++K8-;:48-4&"-4"H++03,"H++0"
de endless supply aan thee. Mette, wat heb ik een ontzettende bewondering voor jouw
doorzettingsvermogen en je zorgvuldigheid, onze tijd samen in het O was van korte duur,
/330"638"9-1"7J"H--,"H34"L-"K-,--0D}"d7-H-"Q-553&"L+:6"33458-J-,7LJ-",3G9"/33J8"D-"9-,-"
K34K"HO0+,7LJ&"-4"7J"138"D330"K-,:JJ7K"43358}"[-D34J8"H++0"9-8",3G9-4&"-4"H++0"D-"K-D--,D-
frustraties op z'n tijd. Lieve Lianne, bedankt voor je eindeloze geduld, de goede adviezen en

de cappuccino's, promoveren is niet altijd makkelijk, maar ik ben blij dat we elkaar erdoor

J:44-4"5,-;-4}"

Dan mijn echte roomies, Tessa, Charlotte, en Grytsje, de power-ladies van FeBo 30-3. Jullie
zijn mijn echte thuishaven. Inspirerend, sterk, geestig en ambitieus, jullie zijn geweldig!
V34JL-6-,"D38"L:,,7-"-0"17L4(

Lieve Simon, Charlot, Britt, Tess, Neal, Roisin, Shan, Eline en Liselore. Jullie zijn er om met
[-"8-",3G9-4&"+/"D-"8034-4"8-"D0+K-4&"H++0"D-"4+D7K-"K+-D-"K-5;0-JJ-4&"-4"++J"H++0"D-"
vreugdedansjes op z’'n tijd. Bedankt dat jullie er zijn, jullie zijn de liefste!
d7-H-"],74-"-4"d75-,+0-&"8+-4"6-"-,J330"4-8",--0D-4"J-44-4"93D"K--4"H34"+45"D78"K-D3G98&"
maar wat ben ik blij en trots dat ik jullie aan mijn zijde heb tijdens de verdediging.

Lieve Martijn, Janna, Fien, Sven en Ruth, dankjewel voor al jullie support, en excuses
H++0"D-"D75G:557-5"334"D-"J-:J-483.-,("M--8"D38"L:,,7-"/7L"745;70-0-4"-4"9--"H--"H++0"/-"
1-8-J-4-4("
d7-H-";3;3"-4"/3/3&"D34JL-6-,"D38"L:,,7-"/7L"0-4"+45"3,,-/33,U"D-"0:7/8-"9-11-4"K-K-H-4"
+/"+41-"D0+/-4"43"8-"L3K-4("SJ"I-K"9-8"/755G97-4"47-8"1+"H33J&"/330"7J"9+:D"H34"L:,,7-"-4"
ik ben ongelofelijk trots op jullie. Jullie geven ons geluk, doorzettingsvermogen, kracht en
I-,.H-080+:6-4&"6330D++0"6-"J:44-4"K334"-4"58334"6330"6-"67,,-4("SJ"1-4"-4+0/"80+85"D38"
7J"L:,,7-"D+G98-0"1-4}"

d7-H-"d3:0-45&"D-",33858-",++DL-5"6-K-4"9-8"1633058&"-4"D38"9-1"L7L"K-6-8-4("[-D3

je er altijd voor mij bent, naar mij luistert, mij opvrolijkt en mij de waarheid vertelt als dat
4+D7K"75&",7-.58"/7DD-4"74"D-"43G98(" 7L"9-18"D-"17LI+4D-0-"K3H-"+/";0-G7-5"8-"7L4"638"7J"4+L
9-1&"D34JL-6-,"D38"L-"-0"1-48(
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Curriculum Vitae

Simone Nienke Koole was born on January 12, 1992 in Uppsala, Sweden. After completing
5-G+4D302"5G9++,"38"89-"W+083""+5343"P+,,-K-"74""335807G98&"59-"58308-D"58:D274K"*-D7G7
74"#$%%$&"38"89-"_47H-05782"+.""335807G98("V:074K"9-0"58:D7-5&"59-"D7D"3"G,747G3,"748-04
Iganga, Ugandain 2013. Her master's thesis about hypoxia in cervical cancer was supervised

by prof. R. Kruitwagen at the Maastricht University Medical Center (MUMC+). In her final

year, Simone did an internship in Gynecologic Oncology in the Netherlands Cancer Institute
?"\48+47"H34"d--:6-49+-J&":4D-0"5:;-0H757+4"+."DO("P("d+J(

Simone obtained her Medical Degree in 2017, after a senior clinical internship at the

Gynecology department in the MUMC+, supervised by dr. B. Slangen. Shortly thereafter,

she started as a PhD-student in the Netherlands Cancer Institute under supervision of prof.
DO("c('("'+4J-"34D"DO("M( ("H34"V07-,&"0-5-30G974K"+H30734"G34G-0"34D"80-38/-48"6789"FSW]F
Q9-"0-5:,85"+."9-0"0-5-30G9"30-"D-5G071-D"74"89-575("'9-"3,5+"G++0D7438-D"3"G,747G3,"8073,
immunotherapy for ovarian cancer, and was involved in the development of the national

K:7D-,74-5" +4" FSW]P" .+0" +H30734" G34G-0(" S4"\;07," #$#$&" '7/+4-" 58308-D" 3" ;+58?D+G8+03
fellowship at the department of Health Economics in the Netherlands Cancer Institute,

under supervision of prof. dr. W. van Harten. She holds a postdoctoral position within
89-"]:0+;-34"N370"W07G74K")-86+0J&"34D"75"6+0J74K"+4"F-3,89"Q-G94+,+K2"\55-55/-485".+0"
G34G-0"G30-(

149405-koole_binnenwerk_20210221-def.indb 193 21/02/2021 19:30



