
Gynecologic Oncology 170 (2023) 186–194

Contents lists available at ScienceDirect

Gynecologic Oncology

j ourna l homepage: www.e lsev ie r .com/ locate /ygyno
Neoadjuvant chemotherapy with or without nintedanib for advanced
epithelial ovarian cancer: Lessons from the GINECO double-blind
randomized phase II CHIVA trial
Gwénaël Ferron a,⁎, Gaëtan De Rauglaudre b, Stéphanie Becourt c, Nicolas Delanoy d, Florence Joly e,
Alain Lortholary f, Benoît You g,h, Patrick Bouchaert i, Emmanuelle Malaurie j, Sebastien Gouy k,
Marie-Christine Kaminsky l, Jérôme Meunierm, Jérôme Alexandre n, Dominique Berton o, Nadine Dohollou p,
Coraline Dubot q, Anne Floquet r, Laure Favier s, Laurence Venat-Bouvet t, Michel Fabbro u, Christophe Louvet v,
Jean-Pierre Lotzw, Sophie Abadie-Lacourtoisie x, Christophe Desauwy, Francesco Del Piano z,
Marianne Leheurteur aa, Nathalie Bonichon-Lamichhane ab, Mansour Rastkhah ac, Philippe Follana ad,
Justine Gantzer ae, Isabelle Ray-Coquard af, Eric Pujade-Lauraine ag

a Institut Claudius Regaud, Département de Chirurgie Oncologique, IUCT Oncopole, Toulouse, France
b Institut Sainte Catherine, Cancérologie Clinique, Avignon, France
c Centre Oscar Lambret, Département de Gynécologie, Lille, France
d Institut du Cancer Paris CARPEM, Assistance Publique Hôpitaux de Paris (AP-HP), APHP. Centre, Department of Medical Oncology, Hôpital Européen Georges Pompidou, Paris, France
e Centre François Baclesse, Oncologie Médicale, Unicaen, Caen, France
f Hôpital Privé du Confluent, Centre Catherine de Sienne, Nantes, France
g Medical Oncology, Institut de Cancérologie des Hospices Civils de Lyon (IC-HCL), CITOHL, Université Lyon, Université Claude Bernard Lyon 1, Faculté de Médecine Lyon-Sud, EA3738 Centre pour
l'Innovation en Cancérologie de LYon (CICLY), Lyon, France
h GINECO-GINEGEPS, Paris, France
i Hôpital de la Milétrie – Centre Hospitalier Universitaire de Poitiers, Pôle Régional de Cancérologie, Service d'Oncologie, Poitiers, France
j Centre Hospitalier Intercommunal de Créteil, Oncologie Radiothérapie, Créteil, France
k Gustave Roussy, Gynécologie Médicale, Villejuif, France
l ICL Institut de Cancérologie de Lorraine, Oncologie Médicale, Vandoeuvre lès Nancy, France
m Centre Hospitalier Régional d'Orléans, Service Oncologie Médicale, Orléans, France
n Université de Paris Cité, Service d'Oncologie Médicale, AP-HP, Hôpital Cochin Port Royal, Paris, France
o ICO Centre René Gauducheau, Boulevard Jacques Monod, Saint Herblain, France
p Polyclinique Bordeaux Nord, Oncologie Radiothérapie, Bordeaux, France
q Hôpital René Huguenin, Institut Curie, Oncologie Médicale, Saint Cloud, France
r Institut Bergonié, Oncologie, Bordeaux, France
s Centre Georges François Leclerc, Oncologie Médicale, Dijon, France
t Centre Hospitalier Universitaire Dupuytren, Limoges, France
u ICM Val d'Aurelle, Montpellier, France
v Institut Mutualiste Montsouris, Paris, France
w Hôpital Tenon, AP-HP, Sorbonne Université, Paris, France
x ICO Paul Papin, Angers, France
y Centre Hospitalier Régional Universitaire de Lille – Hôpital Huriez, Lille, France
z Hopitaux du Leman, Thonon-Les-Bains, France
aa Centre Henri Becquerel, Rouen, France
ab Clinique Tivoli, Bordeaux, France
ac Centre Hospitalier Alpes Leman, Contamine-sur-Arve, France
ad Centre Antoine Lacassagne, Nice, France
⁎ Corresponding author at: Institut Claudius Regaud – IUCT, 1 Avenue Irene Joliot Curie, 31059 Toulouse, France.
E-mail addresses: gwenael.ferron@iuct-oncopole.fr (G. Ferron), g.derauglaudre@isc84.org (G. De Rauglaudre), s-becourt@o-lambret.fr (S. Becourt), nicolas.delanoy@aphp.fr

(N. Delanoy), f.joly@baclesse.unicancer.fr (F. Joly), alain.lortholary@groupeconfluent.fr (A. Lortholary), benoit.you@chu-lyon.fr (B. You), Patrick.BOUCHAERT@chu-poitiers.fr
(P. Bouchaert), emmanuelle.malaurie@chicreteil.fr (E. Malaurie), Sebastien.GOUY@gustaveroussy.fr (S. Gouy), mc.kaminsky@nancy.unicancer.fr (M.-C. Kaminsky),
jerome.meunier@chr-orleans.fr (J. Meunier), jerome.alexandre@aphp.fr (J. Alexandre), dominique.berton@ico.unicancer.fr (D. Berton), n.dohollou@bordeauxnord.com (N. Dohollou),
c.dubot-poitelon@baclesse.unicancer.fr (C. Dubot), lfavier@cgfl.fr (L. Favier), laurence.venat-bouvet@chu-limoges.fr (L. Venat-Bouvet), Michel.Fabbro@icm.unicancer.fr (M. Fabbro),
christophe.louvet@imm.fr (C. Louvet), jean-pierre.lotz@aphp.fr (J.-P. Lotz), Sophie.Abadie-Lacourtoisie@ico.unicancer.fr (S. Abadie-Lacourtoisie), christophe.desauw@chru-lille.fr
(C. Desauw), F-DELPIANO@ch-hopitauxduleman.fr (F. Del Piano), marianne.leheurteur@chb.unicancer.fr (M. Leheurteur), n.bonichon-lamichhane@tivoli-oncologie.fr
(N. Bonichon-Lamichhane), mrastkhah@ch-alpes-leman.fr (M. Rastkhah), philippe.follana@nice.unicancer.fr (P. Follana), j.gantzer@icans.eu (J. Gantzer),
isabelle.ray-coquard@lyon.unicancer.fr (I. Ray-Coquard), epujade@arcagy.org (E. Pujade-Lauraine).

https://doi.org/10.1016/j.ygyno.2023.01.008
0090-8258/© 2023 Published by Elsevier Inc.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ygyno.2023.01.008&domain=pdf
https://doi.org/10.1016/j.ygyno.2023.01.008
mailto:gwenael.ferron@iuct-oncopole.fr
mailto:g.derauglaudre@isc84.org
mailto:s-becourt@o-lambret.fr
mailto:nicolas.delanoy@aphp.fr
mailto:f.joly@baclesse.unicancer.fr
mailto:alain.lortholary@groupeconfluent.fr
mailto:benoit.you@chu-lyon.fr
mailto:Patrick.BOUCHAERT@chu-poitiers.fr
mailto:emmanuelle.malaurie@chicreteil.fr
mailto:Sebastien.GOUY@gustaveroussy.fr
mailto:mc.kaminsky@nancy.unicancer.fr
mailto:jerome.meunier@chr-orleans.fr
mailto:jerome.alexandre@aphp.fr
mailto:dominique.berton@ico.unicancer.fr
mailto:n.dohollou@bordeauxnord.com
mailto:c.dubot-poitelon@baclesse.unicancer.fr
mailto:lfavier@cgfl.fr
mailto:laurence.venat-bouvet@chu-limoges.fr
mailto:Michel.Fabbro@icm.unicancer.fr
mailto:christophe.louvet@imm.fr
mailto:jean-pierre.lotz@aphp.fr
mailto:Sophie.Abadie-Lacourtoisie@ico.unicancer.fr
mailto:christophe.desauw@chru-lille.fr
mailto:F-DELPIANO@ch-hopitauxduleman.fr
mailto:marianne.leheurteur@chb.unicancer.fr
mailto:n.bonichon-lamichhane@tivoli-oncologie.fr
mailto:mrastkhah@ch-alpes-leman.fr
mailto:philippe.follana@nice.unicancer.fr
mailto:j.gantzer@icans.eu
mailto:isabelle.ray-coquard@lyon.unicancer.fr
mailto:epujade@arcagy.org
https://doi.org/10.1016/j.ygyno.2023.01.008
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/ygyno


G. Ferron, G. De Rauglaudre, S. Becourt et al. Gynecologic Oncology 170 (2023) 186–194
ae ICANS, Institut de Cancérologie Strasbourg-Europe, Strasbourg, France
af Centre Léon Bérard and Université Claude Bernard, Lyon, France
ag ARCAGY–GINECO, Paris, France
H I G H L I G H T S

• CHIVA assessed nintedanib integrated into a neoadjuvant strategy for ovarian cancer.
• Nintedanib was associated with worse progression-free survival (primary endpoint).
• Nintedanib was associated with an increase in typical chemotherapy adverse effects but not surgical complications.
• Nintedanib is not recommended as part of neoadjuvant therapy for ovarian cancer.
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Aim. The oral anti-angiogenic therapy nintedanib prolongs progression-free survival (PFS) when combined
with chemotherapy after primary surgery for advanced epithelial ovarian cancer. The randomized phase II
CHIVA trial evaluated the impact of combining nintedanibwith neoadjuvant chemotherapy (NACT) for epithelial
ovarian cancer.

Methods. Patients with newly diagnosed unresectable FIGO stage IIIC–IV epithelial ovarian cancer received
3–4 cycles of carboplatin plus paclitaxel every 3weeks as NACT before interval debulking surgery (IDS), followed
by 2–3 post-operative cycles. Patients were randomized 2:1 to receive either nintedanib 200 mg twice daily or
placebo on days 2–21 every 3 weeks during NACT (omitting peri-operative cycles), and then as maintenance
therapy for up to 2 years. The primary endpoint was PFS.

Results. Between January 2013 and May 2015, 188 patients were randomized (124 to nintedanib, 64 to pla-
cebo). PFS was significantly inferior with nintedanib (median 14.4 versus 16.8 months with placebo; hazard
ratio 1.50, p=0.02). Overall survival (OS) was also inferior (median 37.7 versus 44.1 months, respectively; haz-
ard ratio 1.54, p=0.054). Nintedanibwas associatedwith increased toxicity (grade 3/4 adverse events: 92% ver-
sus 69%, predominantly hematologic and gastrointestinal), lower response rate byRECIST (35% versus 56% before
IDS), and lower IDS feasibility (58% versus 77%) versus placebo.

Conclusions. Adding nintedanib to chemotherapy and inmaintenance as part of NACT for advanced epithelial
ovarian cancer cannot be recommended as it increases toxicity and compromises chemotherapy efficacy (IDS,
PFS, OS).
ClinicalTrials.gov registration: NCT01583322.

© 2023 Published by Elsevier Inc.
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1. Introduction

Until recently, standard treatment for women with advanced ovar-
ian cancer (OC) comprised maximal cytoreductive surgery and
carboplatin–taxane chemotherapy, with or without the anti-
angiogenic agent bevacizumab. Neoadjuvant chemotherapy (NACT)
represents an alternative strategy to upfront chemotherapy in patients
with stage IIIC or IV OC not considered to be completely resectable at
primary surgery [1–3]. Subset analyses of phase III trials suggested
that front-line bevacizumabmay offer the greatest progression-free sur-
vival (PFS) and overall survival (OS) benefit in patients with Interna-
tional Federation of Gynecology and Obstetrics (FIGO) stage III and
residual disease after initial surgery, or FIGO stage IV OC [4–6]. In
these patients with extensive and bulky disease, initial surgery is often
delayed until patients have received 3–4 cycles of NACT [2]. However,
peri-operative bevacizumab may be concerning given the long half-
life (14–21 days) and potential interference with wound healing.

The anti-angiogenic agent nintedanib has a shorter half-life
(10–15 h) [7], potentially representing an attractive alternative to
neoadjuvant bevacizumab. Adding nintedanib to carboplatin–
paclitaxel after upfront surgery and continuing as maintenance ther-
apy improved PFS (but not OS) in the GCIG/ENGOT/AGO-OVAR 12
randomized phase III trial, although adverse events (AEs) were in-
creased [8,9]. The neoadjuvant setting provides a valuable model to
describe ‘in vivo’ biological effects on tumor cells and the microenvi-
ronment, and to understand whether intermediate endpoints can be
used as surrogates for PFS and/or OS. We report efficacy and safety
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results from the CHIVA trial evaluating incorporation of nintedanib
into a neoadjuvant strategy for advanced OC.
2. Patients and methods

CHIVA (ClinicalTrials.gov identifier: NCT01583322) was a double-
blind placebo-controlled randomized phase II trial, sponsored by the
Groupe dInvestigateurs National des Etudes des Cancers Ovariens et
du sein (GINECO). CHIVA was designed to assess the efficacy and safety
of nintedanib as part of neoadjuvant and adjuvant treatment in patients
undergoing interval debulking surgery (IDS) for advanced OC. The pro-
tocol and related documents were approved by the French National
Agency for Safety of Medicine and Health Products and the Committee
on the Protection of Persons of Ile de France 1. Trial conduct complied
with the International Conference on Harmonisation Guideline for
Good Clinical Practice and all relevant laws and directives.

Eligible patientswere aged ≥18 yearswith newly diagnosed epithelial
ovarian, fallopian tube, or primary peritoneal cancer confirmedhistologi-
cally by laparoscopy (or laparotomy), FIGO stage IIIC/IV, and Eastern
Cooperative Oncology Group (ECOG) performance status ≤2. Eligible pa-
tients were not suitable for primary debulking surgery (i.e., considered
unresectable after laparoscopic evaluation), and IDS with maximal
cytoreductive effort aiming for no residual disease was planned. Prior
systemic therapy for OCwas not permitted. All patients providedwritten
informed consent before undergoing any study-specific procedures. The
Supplement details additional eligibility criteria.

https://clinicaltrials.gov/ct2/show/NCT01583322
http://ClinicalTrials.gov
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All eligible patients received chemotherapy (carboplatin AUC 5 plus
paclitaxel 175 mg/m2) every 21 days for 3–4 cycles before surgery and
2–3 cycles after surgery (up to 8 cycles in total). Before initiating
NACT, patients were stratified according to disease status at screening
(non-measurable disease versus measurable disease <50 mm versus
measurable disease ≥50 mm according to Response Evaluation Criteria
in Solid Tumors [RECIST] version 1.1), FIGO stage (IIIC versus IV), and
treatment center, and randomized 2:1 to receive nintedanib 200 mg
or placebo twice daily on days 2–21 of the first two neoadjuvant cycles
(Fig. S1). All patients underwent IDS 3–4 weeks after the last chemo-
therapy administration, followed by adjuvant therapy starting 4
weeks after surgery (providing surgicalwounds had healed completely)
combined with either nintedanib or placebo on days 2–21, according to
initial randomization. Nintedanib/placebowas continued as dailymain-
tenance therapy for up to 2 years after completing chemotherapy, or
until disease progression if earlier. Dose modifications for AEs are de-
scribed in the Supplement.

The primary endpointwas PFS according to RECIST version 1.1, com-
pared between treatment arms using a stratified log-rank test at one-
sided alpha of 0.15. To provide 80% power, 130 PFS events (83 ninted-
anib, 47 placebo) were required, assuming a hazard ratio (HR) of 0.70
favoring nintedanib (median PFS increase from 10.0 to 14.2 months).
Theplanned sample sizewas188 patients, giving 162 evaluable patients
assuming 10% drop out, 24 months accrual and 24 months’' follow-up.
Median PFS was estimated using Kaplan-Meier methodology and re-
ported with 95% confidence intervals (CIs).

Secondary endpoints included safety (operative and post-operative
complications) and efficacy (response rate according to RECIST
version 1.1 following two NACT cycles; complete resection rate
Fig. 1. CONSORT flowdiagram. Four patients in the nintedanib arm and six in the placebo armw
sion tomography.
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according to the Peritoneal Cancer Index [PCI] [10] at IDS; best response
to the overall treatment strategy according to RECIST version 1.1 at the
end-of-treatment visit; and OS). Statistical tests were conducted two-
sided with a significance level of 5%. A p-value <0.05 was judged as
being statistically significant. AEs were graded using Common Termi-
nology Criteria for Adverse Events version 4.0. Complications (wound-
healing complications, bowel perforation or fistula, bleeding, infection
or post-operative fever, and thromboembolic events) occurring during
or within 30 days after surgery were graded using Clavien-Dindo
classification [11].

Exploratory objectives included the identification of potential bio-
markers predicting efficacy, toxicity, and surgical morbidity with nin-
tedanib. Radiologic endpoints [12] and a substudy modeling CA-125
ELIMination rate constant K (KELIM) in surgical decision-making [13]
were explored. Additional translational research will be reported
separately.

A post hoc exploratory univariate analysis assessed potential surro-
gates for PFS and/or OS in NACT-treated patients. Covariates included
RECIST-assessed response rate after NACT, PCI and its evolution at IDS,
complete surgical resection at IDS, and clinical covariates (age, FIGO
stage, ECOG performance status, tumor size, ascites, neutrophil:lym-
phocyte ratio, platelet count, hemoglobin, and CA-125 levels).

Efficacy and safety were analyzed using SAS (version 9.4; SAS Insti-
tute Inc., Cary, NC, USA) in the intention-to-treat population (all ran-
domized patients). Efficacy was also analyzed in the per-protocol
population (all randomized patients with PFS data and nomajor proto-
col deviation). In three prespecified safety interim analyses, the inde-
pendent data monitoring committee reviewed data after 30, 60, and
90 nintedanib-treated patients had completed NACT and IDS.
ere excluded from the per-protocol population. ITT, intention-to-treat; PET, positron emis-



Table 1
Baseline characteristics.

Characteristic Nintedanib
(n = 124)

Placebo
(n = 64)

Median (range) age, years 64 (31–79) 63.5 (43–79)
ECOG performance status at baseline (n = 122) (n = 63)
0 49 (40%) 21 (33%)
1 63 (52%) 32 (51%)
2 10 (8%) 10 (16%)

Histology (n = 124) (n = 63)
Serous 108 (87%) 56 (89%)
Endometrioid 3 (2%) 0
Mucinous 1 (1%) 0
Clear cell 3 (2%) 0
Undifferentiated 4 (3%) 1 (2%)
Other 5 (4%) 6 (10%)

Histologic grade (n = 124) (n = 63)
1 2 (2%) 3 (5%)
2/3 95 (77%) 53 (84%)
Unknown 27 (22%) 7 (11%)

FIGO stage (n = 124) (n = 63)
IIIC 98 (79%) 47 (75%)
IV 26 (21%) 16 (25%)

Diagnosis
Core biopsy 9 (7%) 2 (3%)
Laparoscopy 115 (93%) 62 (97%)

Reason for absence of surgical resection by
laparoscopya

(n = 115) (n = 62)

Non-resectable disease localization 105 (91%) 57 (92%)
Patient's condition 4 (3%) 2 (3%)
Intraoperative morbidity 0 1 (2%)
Other reason 6 (5%) 2 (3%)

PCI at baseline (n = 118) (n = 61)
Median (IQR) 22.5 (19–27) 21 (15–25)

Hypertension at baseline 41 (33%) 19 (30%)
Ongoing anti-hypertensive therapy at baseline 38 (31%) 18 (28%)
Ongoing analgesic at baseline 23 (19%) 18 (28%)

ECOG, Eastern Cooperative Oncology Group; FIGO, International Federation of Gynecology
and Obstetrics; IQR, interquartile range; PCI, Peritoneal Cancer Index.

a Percentages calculated as a proportion of patients undergoing laparoscopy.
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3. Results

Between 11 January 2013 and 13 May 2015, 191 patients were en-
rolled from 31 GINECO sites in France, of whom 188 were eligible and
randomized: 124 to nintedanib and 64 to placebo (Fig. 1). Baseline char-
acteristics were reasonably balanced between treatment arms
(Table 1).

The data cut-off for the final analysis was 30 September 2017 (me-
dian follow-up 42.6 months). PFS was significantly worse with ninted-
anib than placebo (median PFS 14.4 versus 16.8 months, respectively;
HR 1.50, 95% CI, 1.06–2.11; p = 0.020) (Fig. 2A). Results were similar
in the per-protocol population (median 14.2 [95% CI, 12.2–15.4] versus
16.8 months [95% CI, 13.0–21.4], respectively; HR 1.50 [95% CI,
1.05–2.13]; p = 0.024). A sensitivity analysis of time to treatment fail-
ure (including treatment discontinuation due to toxicity as well as pro-
gression and death as events) showed consistent results (HR 1.67 [95%
CI, 1.19–2.34]; median 12.4 vs 14.5 months, respectively).

Likewise, several secondary efficacy endpoints showed worse out-
comes with nintedanib (Table 2). Median OS was 37.7 versus 44.1
months with nintedanib versus placebo, respectively (HR 1.54, 95% CI,
0.99–2.40; log-rank p = 0.054) (Fig. 2B). Response rate after 2 cycles
of NACTwas significantly inferior in the nintedanib arm. The proportion
of patients achieving complete resection at IDS was similar in the two
treatment arms, but fewer nintedanib-treated patients were candidates
for IDS (58% vs 77%, respectively). The difference in best response across
the entire treatment period was not statistically significant between
treatments.

Median duration of treatment exposure was similar in the ninted-
anib and placebo arms (5.1 versus 5.2 months, respectively; Table 3).
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However, nintedanib-treated patients were more likely to require che-
motherapy dose reduction or chemotherapy discontinuation before
cycle 4.

Across the entire treatment period, nintedanib was associated with
more grade 3/4 AEs (114/124 patients [92%] versus 44/64 [69%] in the
placebo arm),more serious AEs (52% versus 47%), andmore hospitaliza-
tions (29% versus 20%). Aspartate aminotransferase elevations occurred
in 55 nintedanib-treated patients (44%) (grade 3/4 in 6%) and 17
placebo-treated patients (27%; all grade 1/2). Alanine aminotransferase
elevations occurred in 58 nintedanib-treated patients (47%; grade 3/4
5%) and 21 placebo-treated patients (33%; all grade 1/2).

Table 4 presents AEs during NACT. Nintedanib was associated with
an increased frequency of most AEs typical of chemotherapy. There
were two fatal AEs during NACT: renal insufficiency at cycle 1 in one
nintedanib-treated patient and intestinal occlusion at cycle 2 in one
placebo-treated patient.Most patients required supportive therapy dur-
ing NACT (94% of nintedanib-treated patients versus 91% of placebo-
treated patients), and proportions for individual treatment classes
were similar in the two arms, except for antibiotics (25% versus 20%, re-
spectively), red blood cell transfusion (10% versus 5%), and anticoagu-
lants (15% versus 20%).

Operative complications (serious or grade ≥ 3 AEs during surgery)
were infrequent in both treatment arms (3/72 [4%] nintedanib-treated
patients who underwent IDS versus 4/49 [8%] placebo-treated
patients who underwent IDS). Post-operative complications (serious
or grade ≥ 3 within 30 days after surgery) occurred in 7/72 (10%)
nintedanib-treated versus 10/49 (20%) placebo-treated patients who
underwent IDS. Data on the duration of surgery were available from
59 of 72 patients who underwent surgery in the nintedanib arm and
38 of 49 in the placebo arm. Among these patients, the mean (standard
deviation) duration of surgerywas 324 (123)minutes versus 371 (128)
minutes, respectively. Among the 45 patients in the nintedanib arm and
32 in the placebo arm with data on blood loss during surgery, the me-
dian blood loss was 650 (range 0–6600) mL versus 500 (range
0–7600) mL, respectively. Peri-operative transfusions were required in
47% versus 41% of patients, respectively.

In exploratory analyses of endpoint surrogacy, neutrophil:lympho-
cyte ratio at baseline, RECIST-assessed objective response after 2 cycles
of NACT, complete resection at IDS, and PCI at baseline and at IDS were
prognostic for PFS and OS in univariate analysis at p < 0.01 (Table S1).
Notably, change in PCI between baseline and IDS was not prognostic.
In the multivariate Cox model, RECIST response after NACT (p < 0.01)
and complete resection at IDS (p < 0.01) were the only independent
variables predictive for PFS. Combining these two variables enabled
identification of patients with good, intermediate, or poor prognosis
for both PFS and OS (Fig. 3).

4. Discussion

In the randomized phase II CHIVA trial, adding nintedanib toNACT for
advanced epithelial OC increased typical chemotherapy toxicities and
compromised chemotherapy efficacy, leading to a reduced IDS rate and
worse PFS and OS. The lack of efficacy improvement from adding anti-
angiogenic therapy to NACT is consistent with previous experience.
However, in CHIVA, nintedanib demonstrated a detrimental effect, con-
trasting with bevacizumab. In the GEICO 1205 trial, bevacizumab com-
bined with chemotherapy was associated with less toxicity than
chemotherapy alone and no difference in the primary efficacy outcome
[14]. Similarly, subgroup results from MITO16A-MaNGO OV2A showed
no detrimental effect of neoadjuvant bevacizumab on safety (or efficacy)
[15], and in the ANTHALYA non-comparative phase II trial, neoadjuvant
bevacizumab appeared to be tolerable and effective [16].

There are important lessons to learn from CHIVA to avoid deleteri-
ous effects in future neoadjuvant trials. When designing the trial and
safety follow-up, given concerns about peri-operative bevacizumab,
we focused the three interim safety analyses on monitoring surgical



Fig. 2. Efficacy: (A) PFS. (B) OS. CI, confidence interval; NE, not evaluable; OS, overall survival; PFS, progression-free survival.
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toxicities, underestimating the impact of nintedanib-induced chemo-
therapy toxicities on overall response and feasibility of IDS. The in-
creased toxicity burden from a third agent has long been recognized.
Furthermore, nintedanib increased toxicity, particularly gastrointestinal
effects, in the AGO-OVAR12 front-line trial, leading to reduced dose in-
tensity and chemotherapy completion [8]. In CHIVA, additional toxicity
impaired chemotherapy delivery, potentially contributing to the lower
efficacy and consequently to the low proportion of patients able to un-
dergo IDS. Future trials investigating the addition of a drug to standard
NACT must carefully monitor all toxicities and evaluate their impact on
chemotherapy dose intensity, response rate, and IDS.

A second critical lesson is the timing of trial design and initiation.
CHIVA began before definitive results were available from AGO-
OVAR12 [8,9]. In AGO-OVAR12, the effect of nintedanibwas seen almost
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exclusively in patients with stage IIB–III disease or low tumor burden,
not in those with high disease burden as seen with bevacizumab.
Thus, the population enrolled in CHIVA, many of whom were consid-
ered unresectable because of their disease burden, appears to represent
the population least likely to benefit from nintedanib. The CHIVA study
population also included a small yet distinct population of patients for
whom NACT was preferred because of frailty, comorbidities, or perfor-
mance status, but with potentially completely resectable disease.
These patients may have had distinct outcomes, but robust subgroup
analyses in such small sample sizes are not possible.

The third key lesson relates to the optimal criteria for accurately
assessing efficacy in neoadjuvant trials. When CHIVA was initiated, it
was unclearwhether tumor response to NACT and/or complete surgical
resection would be the most relevant parameter. We anticipated that



Table 2
Secondary endpoints (intention-to-treat population; consistent results were seen in the per-protocol analysis).

Endpoint Nintedanib
(n = 124)

Placebo
(n = 64)

Chi-squared p-value

RECIST response rate after two cycles of NACT, n/N (%) 39/111 (35) 33/59 (56) 0.009
PCI decrease, n/N (%) 52/79 (66) 42/50 (84) 0.024
Surgical debulking at IDS, n (%)a 72 (58) 49 (77) –
Complete resection before or after surgical debulking, n/N (%) 56/75 (75) 38/49 (78) 0.71
Total patients achieving complete resection, n (%) 56 (45) 38 (59) –
CR or PR as best response across the entire treatment period, n (%) 84 (68) 49 (77) 0.35
Patients died, n (%) 72 (58) 27 (42) –
Median overall survival, months (95% CI) 37.7 (29.8–41.0) 44.1 (32.7–NE) –

CI, confidence interval; CR, complete response; IDS, interval debulking surgery; NACT, neoadjuvant chemotherapy; NE, not evaluable; PCI, Peritoneal Cancer Index; PR, partial response;
RECIST, Response Evaluation Criteria in Solid Tumors.

a Among nintedanib-treated patients who did not undergo IDS, the most common reason was the non-resectable disease localization.
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PFS or OS improvement through enhanced NACT efficacymay be attrib-
utable primarily to the increased likelihood of achieving complete re-
section. Indeed, complete resection was a key prognostic factor in
both univariate and multivariate analyses. However, in patients with
high tumor burden as in CHIVA, response to chemotherapy also yields
important prognostic value. To assess tumor response to NACT,we eval-
uated two different criteria: PCI and RECIST response. CHIVA included
rigorous surgical tumor burden scoring at baseline and at IDS. The PCI,
which divides the abdomen into 13 regions and is scored from 0 to 39,
is highly dependent on diffusion of the disease and correlates with
tumor burden, whereas RECIST focuses on the size of up to five lesions,
but also considers non-measurable disease including ascites or pleural
effusion and localization outside the abdomen. PCI assessment depends
on visual examination by the same surgeon at initial laparoscopy and
IDS, whereas RECIST depends on CT scan interpretation by one or
more radiologists. In univariate analysis, PCI score at initial surgery
was a highly significant predictor of both PFS and OS. By including
both diffusion and size of the tumor, the PCI score appears to provide
a better reflection of the prognostic value of tumor burden than pro-
vided by tumor measurement solely by CT scan (Table S1). PCI score
at IDS was also prognostic, but the evolution of PCI score from baseline
to IDS was not, highlighting difficulties in evaluating change in tumor
burden during surgery after chemotherapy without complementary
pathologic assessment. Ultimately, both RECIST response to NACT and
complete resection were independently predictive for PFS and OS.
Table 3
Treatment exposure (intention-to-treat population).

Treatment exposure Nintedanib
(n = 124)

Placebo
(n = 64)

Nintedanib/placebo
Median (IQR) No. of cycles 6 (3–8) 8 (5–10)
<4 cycles administered 42 (34%) 12 (19%)
≥6 cycles administered 65 (52%) 44 (69%)
Dose reduction during neoadjuvant therapy 15 (12%) 5 (8%)
Treatment interruption during neoadjuvant therapya 39 (31%) 12 (19%)

Carboplatin
Median (IQR) No. of cycles 6 (5–7) 6 (6–7)
<4 cycles administered 23 (19%) 5 (8%)
≥6 cycles administered 88 (71%) 54 (84%)
Dose reduction during neoadjuvant therapy 20 (16%) 0
Treatment interruption during neoadjuvant therapyb 29 (23%) 5 (8%)

Paclitaxel
Median (IQR) No. of cycles 6 (5–7) 6 (6–7)
<4 cycles administered 23 (19%) 6 (9%)
≥6 cycles administered 87 (70%) 51 (80%)
Dose reduction during neoadjuvant therapy 12 (10%) 3 (5%)
Treatment interruption during neoadjuvant therapyb 28 (23%) 5 (8%)

IQR, interquartile range.
a Interruption of >7 days between two visits.
b Dose delayed by >7 days.
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Several scenarios can be proposed to understand how response to che-
motherapy and surgical complete resection can be dissociated. At one
end of the spectrum, patients with high tumor burden and potentially
resectable disease may be offered NACT to reduce the adverse effects
of surgery. In this case, complete resection may still be achievable
even if chemotherapy is minimally effective. At the other extreme, pa-
tients with high disease burden at baseline may remain inoperable de-
spite a RECIST response because of insufficient reduction in tumor
mass, persistence of diffuse small lesions, or lesions in a location that
makes them inoperable. CHIVA revealed that it is the combination of
both RECIST response and complete resection that influences patient
outcome, which could be considered as a surrogate marker for PFS
and OS. In future neoadjuvant trials, the primary endpoint could be
the proportion of patients achieving both a RECIST response and com-
plete resection at IDS.

Despite the negative outcome, CHIVA brings important insights that
should be incorporated into future trial design and conduct to avoid
compromising patient outcomes. Additionally, the rich CHIVA dataset
enables improved understanding of disease biology. Ongoing transla-
tional research is exploring the potential role of biological or radiologic
biomarkers predicting chemotherapy efficacy [12,13] and other biolog-
ical factors, such as primary tumor chemosensitivity assessed by the
modeled CA-125 kinetic parameter KELIM™ [17], which may help to
identify subsets in which neoadjuvant anti-angiogenic therapy poten-
tially improves outcomes.
Table 4
Main adverse events (worst grade) during neoadjuvant therapy.

Adverse event Nintedanib (n = 124) Placebo (n = 64)

Grade Any 3/4 Any 3/4

Any 124 (100%) 104 (84%) 62 (97%) 39 (61%)
Anemia 94 (76%) 14 (11%) 40 (63%) 5 (8%)
Neutropenia 68 (55%) 42 (34%) 29 (45%) 15 (23%)

Febrile neutropenia 6 (5%) 6 (5%) 1 (2%) 1 (2%)
Thrombocytopenia 65 (52%) 22 (18%) 16 (25%) 6 (9%)

Bleeding 13 (10%) 1 (1%) 3 (5%) 0
Fatigue 91 (73%) 12 (10%) 45 (70%) 3 (5%)
Diarrhea 78 (63%) 22 (18%) 15 (23%) 1 (2%)
Nausea 75 (60%) 4 (3%) 30 (47%) 1 (2%)
Alopecia 72 (58%) NA 44 (69%) NA
Pain 70 (56%) 7 (6%) 38 (59%) 4 (6%)
Arterial hypertension 40 (32%) 23 (19%) 18 (28%) 6 (9%)
Vomiting 36 (29%) 4 (3%) 13 (20%) 1 (2%)
Sensory neuropathya 26 (21%) 1 (1%) 27 (42%) 3 (5%)
Constipation 21 (17%) 1 (1%) 24 (38%) 1 (2%)
Thromboembolism 10 (8%) 8 (6%) 3 (5%) 3 (5%)
GI perforation 2 (2%) 2 (2%) 0 0
Fistula 2 (2%) 1 (1%) 1 (2%) 1 (2%)

GI, gastrointestinal; NA, not applicable.
a Paresthesia/dysesthesia.



Fig. 3. Surrogate markers of PFS and OS at the time of IDS. (A) PFS. (B) OS. CI, confidence interval; IDS, interval debulking surgery; NR, not reached; OS, overall survival; PFS, progression-
free survival; RECIST, Response Evaluation Criteria in Solid Tumors.
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