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Olaparib combined to metronomic
cyclophosphamide and metformin in
women with recurrent advanced/
metastatic endometrial cancer:
the ENDOLA phase I/II trial

Max Piffoux 1, Alexandra Leary2, Philippe Follana3, Cyril Abdeddaim4,
Florence Joly5, Sylvie Bin6, Maxime Bonjour6, Anais Boulai7, Celine Callens7,
Laurent Villeneuve 6, Marine Alexandre6, Verane Schwiertz8, Gilles Freyer1,
Manuel Rodrigues 9,10 & Benoit You 1

Endometrial cancers are characterized by frequent alterations in the PI3K-AKT-
mTor, IGF1 andDNA repair signaling pathways. Concomitant inhibition of these
pathways was warranted. ENDOLA phase I/II trial (NCT02755844) was designed
to assess the safety/efficacy of the triplet combination of the PARP inhibitor
olaparib, metronomic cyclophosphamide (50mg daily), and PI3K-AKT-mTor
inhibitor metformin (1500mg daily) in women with recurrent endometrial
carcinomas. Olaparib dose-escalation (100-300mg twice-a-day (bid)) was used
to determine the recommended-phase II-trial-dose (RP2D, primary endpoint),
followed by an expansion cohort to determine the non-progression rate at 10
weeks (NPR-10w, secondary endpoint). 31 patients were treated. Olaparib RP2D
was defined as 300mg bid. The tolerability was acceptable, and grade 3-4
adverse events (51% patients) were mainly hematological. The NPR-10w was
61.5%, and the median progression-free survival (mPFS) was 5.2 months. In a
post-hoc analysis, when exploredbymolecular subtypes/alterations, longer PFS
were observed in patients with tumors characterized by a non-specific-
molecular-profile (NSMP, n = 4; mPFS, 9.1 months), and by both TP53 altered &
high number of large genomic alterations (LGA ≥ 8)(n = 10,mPFS, 8.6months)).
The analyses about kinetics of circulating biomarkers and pharmacodynamic
effects are not reported here. In total, the benefit/toxicity ratio of the all-oral
olaparib/cyclophosphamide/metformin regimen was favorable in heavily pre-
treated patients with recurrent endometrial cancer.

Endometrial cancer is the fourth most common malignancy among
women in the United States, with an estimated incidence of 67,880
cases/year1. For advanced/metastatic disease, the standard first-line
treatment relies on hormone therapy or on the carboplatin-paclitaxel

regimen combined with an anti-PD1 mononoclonal antibody2,3, while
pembrolizumab + lenvatinib combination is a standard therapeutic
option in recurrent setting in patients whowere not previously treated
with an immune checkpoint inhibitor (ICI)4,5. There is an unmet
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medical need for new therapeutic innovative options in patients with
recurrent advanced/metastatic disease beyond ICIs.

From a molecular point of view, endometrial carcinomas are
usually classified into 4 subtypes: 1) rare POLE ultra-mutated dis-
eases; 2) tumors characterized by a defective mismatch repair
(dMMR) and/or microsatellite instability (MSI-high); 3) TP53 altered
diseases; and the remaining 4) Non-specific molecular profile
(NSMP)6. In addition, homologous recombination deficiency (HRD)
was reported in up to 28.5% of endometrial cancers7,8. Moreover,
frequent alterations of the PI3K-AKT-mTor pathway have been
reported in all endometrial cancer molecular subtypes9 PARP inhi-
bitors were shown to enhance cytotoxicity in combination with DNA
alkylating agents like cyclophosphamide10. All these data supported
the development of an innovative triplet regimen with olaparib,
metronomic cyclophosphamide, and metformin.

Poly(ADP-ribose)polymerase (PARP) inhibitors were found to be
effective in patients with different HRD-positive tumors11–16. Therefore,
we assessed the utility of the PARP inhibitor olaparib in patients with
advanced endometrial carcinomas. Furthermore, the UTOLA phase II
trial recently showed that patients with endometrial tumors with high
levels of genome instability as reflected by higher number of large
genomic alterations (LGA), a typical marker of serous-like tumors,
derived a deeper benefit from olaparib17. To increase the efficacy of
olaparib, we combined it with the PI3K-mTor inhibitor metformin.
Metformin was thought to exert anticancer effects through several
mechanisms of action. First, it is known to interact with PI3K-AKT-
mTor signaling pathway by inhibiting AKT activation18. Moreover,
metformin was expected to reduce IGF1 circulating levels, thereby
inhibiting IGF1R up-regulation commonly reported in endometrial
carcinomas19. Furthermore, the PI3K signaling pathway has been
reported to maintain homologous recombination steady state, to
stabilize and to preserve double-strand break repair by interacting
with the homologous recombination complex20. The suppression of
PI3K function was shown to impair homologous recombination20.
Severalpre-clinical studies suggested that the sensitivity of cancer cells
to PARP inhibitors, including endometrial carcinoma cells was
increased by PTEN deficiency21–25.

The combination of olaparib andmetforminwas completedwith
metronomic cyclophosphamide. Endometrial carcinomas are
sensitive to alkylating agents, such as platinum compounds or
cyclophosphamide26, and PARP inhibitors have been shown to
enhance cytotoxicity in combination with DNA alkylating agents27. A
major feature of HRD is the susceptibility to platinum and other DNA-
damaging agents27.

As a consequence, we assumed that the combination of
metronomic cyclophosphamide would increase the anti-
proliferative effects of olaparib, in addition to its anti-cancer
effects. Altogether, the PARP inhibitor, cyclophosphamide, and
metformin combination were expected to induce a synergistic
therapeutic effect in recurrent advanced/metastatic endometrial
cancer beyond their own activity.

To explore this hypothesis, the ENDOLA phase I/II trial was
designed to assess the safety of this triplet combination, defining the
olaparib recommended phase II trial dose (RP2D), and investigating
the preliminary efficacy. Here, we present the outcomes about the
tolerability of the triplet combination, the RP2D, and the efficacy
outcomes in the whole population, and in molecularly pre-defined
subgroups.

Results
Patient characteristics and exposure
Thirty-five patients were enrolled in this study between September
2016 and October 2019. Four patients, who did not meet the inclu-
sion criteria, did not receive the study treatment and were con-
sidered screen-failed. Consequently, the intent-to-treat population
comprised 31 patients, including 17 in Phase I and 14 in Phase
II (Fig. 1).

The median patient age was 69 years (Range: 46–80, Inter-Quar-
tile-Range: 62–72, Table 1). Most patients had an endometrioid carci-
noma (58.1%) or a serous carcinoma (35.5%), while two patients had a
carcinosarcoma (6.5%). Most patients had previously received ≥4 lines
of treatment (54.8%), including 29.1% who had received ≥6 lines. Of
note, 6.5% had previously received an ICI, 6.5% received an anti-VEGF
treatment, and 16.1% received an endocrine therapy.

Number of pa�ents enrolled
(N= 35)

Number of screen-failed pa�ents 
who did not fit with the inclusion criteria (n=4)

Intent to treat popula�on
(n= 31)

Phase I part (n=17)
Phase II part (n=14)

Pa�ents assessable for the 
efficacy primary endpoint and for 

progression free-survival
(n= 26)

Not assessable for efficacy
-Early consent withdrawal (n=2)

-Early treatment discon�nua�on (n=2)
-Refuse of treatment start (n=1)

Pa�ents treated
at the RP2D

(n= 16)

Pa�ents treated at a dose lower than RP2D (n=10)

Fig. 1 | Flowchart of ENDOLA trial. RP2D: recommended-phase II-trial-dose of olaparib.
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Olaparib dose-escalation in the phase I part
Of the 17 patients enrolled from September 2016 to August 2018 and
assessable for the primary endpoint, two patients were included in the
100mgdose-level group, four patients in the 150mg group, two in the
200mggroup, three in the 250mggroup, and six in the 300mg group
(olaparib given on a twice-a-day basis). Dose-escalationwas performed
up to themaximal dose level. NoDLT, the primary safety outcome,was
observed. The RP2D (primary endpoint) was therefore defined as the
dose level 4: olaparib 300mg twice-a-day with metronomic cyclo-
phosphamide (50mg/day) andmetformin (500mg three-times-a-day).

Safety and tolerability
The combination of these three drugs was generally well tolerated
(Table 2). Regarding secondary outcomes, all patients experienced at
least one adverse event. However, these toxicities weremainly grade 1
or 2. The most frequent treatment-related adverse events of all grades
included anemia (71.0%), fatigue (61.3%), nausea (54.8%), lymphocy-
topenia (38.7%), diarrhea (32.3%), neutropenia (32.3%) and thrombo-
cytopenia (29.0%). Treatment-related grade ≥3 adverse events were
reported in 16 patients (51.6%), andweremostly biological side effects.
The most frequent were lymphocytopenia (32.3%), anemia (16.1%),
neutropenia (16.1%), fatigue (12.9%), and thrombocytopenia (6.5%).
Treatment-related grade 4 events included three cases of lymphocy-
topenia, and one case of neutropenia. No treatment-related deaths
occurred. Overall, five patients (16.1%) experienced at least one
treatment-related serious adverse event (SAE), including one patient
experiencing two SAEs (three lymphocytopenia, two fatigue, and one
neutropenia). Eighteen patients (58.0%) required dose reduction or
discontinuation (three patients), mostly owing to cytopenias.

Efficacy
Twenty-six patients were assessable for the non-progression rate at 10
weeks (NPR-10w, secondary outcome) (Fig. 1). The NPR-10w was 61.5%
(90% CI 0.44–0.77). There was negligible difference between the
patients treated at the RP2D (n = 10/16, 62.5%, 90% CI 0.39–0.82), or
those treated at a lower dose (n = 6/10, 60.0%, 90% CI 0.30-0.85).
Median follow up was 5.1 months (IQR 3.0–8.1). Regarding other sec-
ondary outcomes, among the 26 assessable patients, the median PFS
was 5.2 months (95% CI 5.1–8.8) (Fig. 2A). The patients with an endo-
metrioid carcinoma had a longer PFS (7.6 months, 95% CI 5.2–10.6),
than those with a serous carcinoma (5.1 months, 95% CI 3.8-Not
Assessable) (Fig. 2B). The small number of carcinosarcomas did not
allow for a relevant assessment of the efficacy, although one patient
experienced a complete response. The best radiological response was
assessable in 24 patients. TheORRwas 20.8% (95%CI 7.1–42.1), and the
disease control rate was 66.7% (95% CI 44.7–84.4) (Fig. 3). Overall
survival data, although not mature, is above 80% at 6 months (Sup-
plementary Fig. 3).

The secondary endpoints about the pharmacodynamic effects
and kinetics of serum tumor markers are still pending, and are there-
fore not presented in this article.

Exploratory efficacy analyses according to the molecular
subtypes
Post-hoc exploratory analyses were performed to explore the effi-
cacy of the triplet regimen according to the molecular subtypes in
the ITT population. The molecular subtype was explored in 20
patients (64.5%): POLE (0%), dMMR/MSI-high (n = 3, 15.0%); NSMP
(n = 4, 20.0%); and TP53 altered (n = 13, 65.0%). The LGA status was
assessed in 23 patients (74.2%). The tumors of 15 patients were LGA-
low (LGA score ≤7, 65.2%), whereas those of 8 patients were LGA-high
(LGA score ≥8; 34.8%). No tumor exceeded LGA > 20 that is the
threshold used in ovarian carcinomas to defined an HRD tumor. As
expected, all patients with TP53 wild-type tumors were LGA-low,
while the only BRCA2 mutated tumor had a high LGA score of 15.

Table 1 | Demographics and clinical baseline characteristics
of the included patients (n = 31). Data are presented as the
median [range] or number (%)

Total number of patients: N = 31

Age (years) 69; Min–Max 46–80; Interquartile
range, 62–72

Cancer types

Endometrial carcinoma 18 (58.1)

Serous carcinoma 11 (35.5)

Carcinosarcoma 2 (6.5)

Number of previous lines of treatment

0–1 2 (6.5)

2–3 12 (38.7)

4–5 8 (25.8)

≥6 9 (29.0)

Previous treatment with radiotherapy

Yes 3 (9.7)

No 28 (90.3)

Previous treatment with immunotherapy

Yes 2 (6.5)

No 29 (93.5)

Previous treatment with endocrine therapy

Minimum one line of endo-
crine treatment

5 (16.1)

Acetate megestrol 3 (9.6)

Tamoxifen 2 (6.5)

Aromatase inhibitor 3 (9.7)

Molecular subtypes: n = 20

POLE 0 (0% of 20 available)

dMMR/MSI High 3 (15% of 20 available)

Non-specific molecular
profile (NSMP)

4 (20% of 20 available)

TP53 altered 13 (65% of 20 available)

Large genomic alteration (LGA) score: n = 23

LGA ≤ 7 15 (65.2% of 23 available)

LGA ≥ 8 8 (34.8% of 23 available)

BRCA1/2 mutation 1 (5.5% of 18 available)

Table 2 | Summary of treatment-related adverse events of all
grades observed in ≥10% of patients. Data are presented as
number (%)

Adverse events observed> 10% patients All patients (n = 31)

Grade 1–2 Grade ≥3

Anemia 17(54.8) 5 (16.1)

Fatigue 15(48.4) 4 (12.9)

Nausea 17 (54.8) 0 (0)

Lymphocytopenia 2 (6.5) 10 (32.3)

Diarrhea 10 (32.3) 0 (0)

Neutropenia 5 (16.1) 5 (16.1)

Thrombocytopenia 7 (22.6) 2 (6.5)

Decreased appetite 9 (29.0) 0 (0)

Blood creatinine increased 8 (25.8) 0 (0)

Vomiting 6 (19.4) 0 (0)

Dysgueusia 4 (12.9) 1 (3.2)

Vertigo 4 (12.9) 0 (0)

Dyspepsia/Gastro-esophageal disease 3 (9.7) 1 (3.2)

Dose reduction 18 (58.0)
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The lowest efficacy outcomes were observed in patients with
dMMR/MSI-high tumors (NPR-10w, 18.2%; median PFS, 5.2 months,
95% CI 3.2 –NA). These numbers were NPR-10w 54.5% andmedian PFS
5.2months (95% CI 2.9 –NA) in patients with TP53 altered tumors, and
27.3% and 9.1 months (95% CI 5.1 – NA) in those with NSMP tumors,
respectively (Fig. 4A). No clear impact of the LGA score on efficacy was
found when considered alone: LGA-low: NPR-10w, 63.6%, median PFS,
5.1 months (95% CI 3.2 – NA); LGA-high: NPR-10w, 36.4%, median PFS,
5.3 months (95%CI 3.6 – NA) (Supplementary Fig. 2). However, when
LGA and TP53 were combined, as already performed in the UTOLA
study17 a worsemedian PFS was observed in patients with TP53 altered
& LGA-low (n = 5, 3.2months, 95%CI 2.3 –NA), and a bettermedian PFS
was observed in patients with TP53 altered & LGA-high (n = 10,
8.6 months, 95% CI 3.6 – NA, Fig. 4B).

Discussion
ENDOLA phase I/II trial was designed as a proof-of-concept study
meant to determine whether the concurrent blockage of the main
pathways dysregulated in endometrial cancers, using the triplet ola-
parib + metformin + metronomic cyclophosphamide, would exert
synergistic activity, and would be well tolerated.

The enrolled population was representative of the real-life
population of patients with recurrent advanced/metastatic endo-
metrial carcinomas, including a median age of 69 years [inter-quartile-
range 62–72] which is consistent with an elderly women population,
and a high number of previous treatment lines (54.8% of patients with
≥4 lines, supplementary table 2).

The all-oral triplet combination was clinically well tolerated,
enabling the olaparibmaximumdose-level to be reachedwithout any

Median PFS (months)
5.2 months, 95% CI 3.8-8.1

Median PFS (months)
7.6 months 95% CI 5.2 - 10.6  
5.1 months 95% CI 3.8 - NA
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Fig. 2 | Efficacy analysis. A Progression-free survival (PFS) in patients assessable for efficacy. B Progression-free survival according to the histological subtypes. Mean
values are represented with their 95% confidence interval. NA not assessable.

Fig. 3 | Waterfall plot according to the histological subtypes. Percentage change in tumor size from baseline by best overall response (n = 24 evaluable patients).
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DLT. The RP2D was defined as 300mg olaparib twice-a-day, 50mg
daily cyclophosphamide and 500mg metformin three-times-a-day.
The observed adverse events were mainly grade 1–2, while grade 3
were mostly cytopenias and considered manageable. They were
consistent with the expectations based on the limited literature
data28. In terms of efficacy, the preliminary results of ENDOLA trial
suggest that the triplet regimen is active, given the heavily pretreated
population. The efficacy endpoint was reached (61.5 % non-
progression rate at 10 weeks) and the median PFS was 5.2 months,
including 7.6 months for endometrioid carcinomas, and 5.1 months
for serous carcinoma.

Altogether, the benefit/toxicity ratio of the triplet regimen in a
heavily pre-treatedpopulation ofpatients with all types of endometrial
carcinoma appears promising compared to other innovative treat-
ments reported in the literature, although this remains a small study.
The median PFS observed with pembrolizumab + lenvatinib in the
KEYNOTE-775 was higher (median PFS 7.2 months), but the patients
were treated only in second-line setting, and 88.9% of patients
experienced grade 3–4 adverse events. In hormone receptor-positive
populations, the median PFS observed in patients treated with vistu-
sertib + anastrozole in 1st or 2nd line setting was 5.2 months in VIC-
TORIA trial, with 41% severe adverse events (versus 13% for
anastrozole)29 and 8.3 months with letrozole + palbociclib in PALEO
trial, with significant hematological toxicity (42% grade 3-4
neutropenia)30. Similarly, Soliman et al tested the interest of ever-
olimus + letrozole and metformin in patient with recurrent endo-
metrial carcinoma in 2nd or 3rd line, and reported a 50% NPR-16w
(27/54)31

The outcomes of four randomized trials that testedmaintenance
with PARP inhibitors after platinum-based chemotherapy in patients
with advanced endometrial carcinomas were recently reported. The
UTOLA phase II trial that investigated olaparib as a maintenance
treatment after first-line platinum chemotherapy was negative in the
whole population, but a trend in favor of olaparib was found in
patients with higher levels of LGA (median PFS, 5.4 vs 3.6 months,
HR = 0.59, 95% CI 0.35–0.99), especially in those with both LGA-high
& TP53 alteration (median PFS, 5.3 vs 3.5 months, HR = 0.54, 95% CI
0.30–0.99)17. On the other hand, a second randomized phase II trial
suggested that maintenance treatment with rucaparib could poten-
tially increase the PFS compared to placebo with an impressive

median PFS of 28.1 months versus 8.7 months (HR 0.45 95%CI
0.26–0.80, p = 0.005)32. The DUO-E phase III trial assessed the utility
of adding durvalumab to standard chemotherapy, followed by
maintenance with olaparib and durvalumab in first-line treatment. A
relevant 15.1-month PFS was reported. The subgroup analysis sug-
gested that the benefit from olaparib added to durvalumab + che-
motherapy was restricted to patients with pMMR tumors (15.0 vs
9.9 months, HR = 0.76, 95% CI 0.59–0.99)2. Similarly, the RUBY part 2
trial recently reported favorable outcomes with the addition of
dostarlimab to chemotherapy followed by maintenance with dos-
tarlimab + niraparib in the same population of patients (14.3 vs
8.3 months, HR = 0.63, 95% CI 0.44–0.91)33.

In this context, it was rational to explore the efficacy of the
olaparib-based triplet regimen, assessed according to the main
molecular alteration patterns in ENDOLA (available for 64.5%
patients). Of note, our cohort was enriched in patient with TP53
alterations, a biomarker that is usually associated with worse out-
come. The distribution across the different subtypes (POLE, 0%;
dMMR/MSI-high, 15%; NSMP, 20%; TP53 altered, 65%) was closer to
those observed in UTOLA trial (POLE, 1%; dMMR/MSI-high, 12%;
NSMP, 35%; TP53 altered, 53%)17, than in those reported in RUBY trial
(POLE, 1%; dMMR/MSI-high, 23%; NSMP, 54%; TP53 altered, 22%)34.
The efficacy of olaparib combined with metronomic cyclopho-
sphamide and metformin was limited in patients with dMMR/MSI-
high tumors, acknowledging that only 6.5% patients previously
received immunotherapy. It was higher with mPFS > 8.5 months in
patients with NSMP tumors, as well as those with TP53 altered and
LGA-high tumors, which is consistent with the outcomes reported in
the UTOLA trial17.

These outcomes are promising when compared to other trials
which tested the efficacy of combinations based on PARP and
immune-checkpoint-inhibitors, such as niraparib + dostarlimab
(median PFS 2.4 months, 95% CI 1.6–3.735,), olaparib + durvalumab
(median PFS 3.4 months, 95% CI 2.8–6.236,), and talazoparib + ave-
lumab (median PFS 3.6 months, 95% CI 2.4–5.437,).

The results presented here should be interpreted with caution, as
ENDOLA trial has several limitations. First, it was a small single-arm trial
with a limited number of selected patients treated in highly specialized
centers, and was therefore prone to selection biases likely to reduce
the applicability of the results to the general population.When the trial

TP53 wild-type                7.4 95% CI 5.2 - NA
TP53 altered & LGA ≥ 8  8.6 95% CI 3.6 - NA
TP53 altered & LGA ≤ 7  3.2 95% CI 2.3 - NA

Median PFS (months)

NSMP 9.1 95% CI 5.1 - NA
MSI-high/dMMR 5.2 95% CI 3.2 - NA 
TP53 altered 5.2 95% CI 2.9 - NA
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Fig. 4 | Exploratory efficacy analysis using biomarkers. A Progression-free sur-
vival according to the molecular subtypes. B Progression-free survival depending
on TP53 status and homologous recombination deficiency status explored by the

large genomic alterations (LGA) score. NMSP nonspecific molecular subtype,MSI
microsatellite instable, dMMR mismatch repair deficient. NA Not Assessable.
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was designed in 2015, the therapeutic utility of characterizing the
molecular subtypes (based on POLE, dMMR/MSI-high, and TP53
alterations) was still unclear and poorly integrated into the disease
management routine. This explains why these biomarkers were not
prospectively collected in the trial dataset, and were available for only
65% of patients. Nevertheless, the BRCA and LGA status, assessed
centrally using biobanked tumor samples, was available for 74% of the
enrolled patients. Interestingly, despite their exploratory nature and
the small number of patient in each subgroup, our outcomes were
consistent with those reported by Joly et al. in the UTOLA trial
regarding the maximum benefit in patients with TP53 altered & LGA-
high diseases17. A limitation of ENDOLA trial is that the design did not
allow to discriminate the respective effects of each drug, especially
those of metformin which actual anti-cancer activity has been ques-
tioned in several clinical trials since ENDOLA trial was designed38.
Finally, only a limited number of patients had prior treatment with
immunotherapy,whilstweneed data on the efficacyof targeted agents
following treatment with immune checkpoint inhibitors.

In summary, ENDOLA shows promising signs of efficacy/toxicity
in a representative population of heavily pretreated patients with
recurrent endometrial carcinomas (including elderly patients). It
thereforegenerates data for a future trial testing anall-oral therapeutic
option based on a PARP inhibitor andmetronomic cyclophosphamide
warranting further investigation, especially in recurrent settings after
immunotherapy. Indeed, there is a strong need for alternative ther-
apeutic options beyond immune checkpoint inhibitors in patients with
endometrial carcinomas.

Methods
Ethical conduct of research
The trial was conducted in accordancewith the Declaration of Helsinki
and Good Clinical Practices guidelines of the International Council for
Harmonization. The protocol, along with seven amendments, was
validated by French health authorities (ANSM, 151657A-12) and the
central ethics committee (CPP Sud-Est 6 n°AU1238). The investigators
declare that they have obtained appropriate institutional review board
approval and have followed the principles outlined in the Declaration
of Helsinki for all human or animal experimental investigations. All the
patients provided signed written informed consent.

Study design and treatments
Patient selection. This academic non-randomized, open-label, multi-
parameter phase I/II trial (NCT02755844, www.clinicaltrial.gov) was
funded by the French National Cancer Institute, sponsored by Lyon
University Hospital, and conducted in 6 early phase trial centers of the
French gynecology-oncology collaborative group GINECO. The trial
protocol is available in the Supplementary Note.

The main key inclusion criteria comprised women with histolo-
gically and/or cytologically documented endometrial carcinoma
(type I or type II), recurrent after platinum-based chemotherapy,
age ≥18 years and <81 years; life expectancy≥ 16 weeks; Eastern
Cooperative Oncology Group (ECOG) performance status (PS) ≤ 1,
RECIST 1.1 measurable disease; archival tumor tissue available, or
otherwise tumor lesion biopsy feasible; adequate renal, liver and
bone marrow function measured within 28 days prior to adminis-
tration of study treatment i.e., absolute neutrophil count ≥1.5 × 109/L,
platelet count ≥100 × 109/L and hemoglobin ≥9.0 g/dL and no blood
transfusions in the past 28 days.

The exclusion criteria included prior therapywith PARP inhibitors;
use of systemic therapy during the last 2weeks; treatmentwith another
investigational agent; concomitant 2nd cancer; myelodysplastic syn-
drome; acute myeloid leukemia; concomitant use of known strong
CYP3A4 inhibitor; persistent toxicity (adverse event grade≥2 causedby
previous cancer therapy; illness incompatible with metformin or
cyclophosphamide treatment; previous treatment and/or allergy/

hypersensitivity to cyclophosphamide; illness that does not allow oral
medication; Female patients who are pregnant or lactating or of
childbearing potential without a medically acceptable method of birth
control; active infection to HIV, hepatitis B or C, or have other forms of
hepatitis or cirrhosis; symptomatic uncontrolled brain metastases;
major surgery planned within 14 days of starting study treatment;
patients must have recovered from any effects of any previous major
surgery; resting ECGwithQTc >470ms on 2 ormore time pointswithin
a 24 h period or family history of long QT syndrome; concomitant
treatment with vitamin K antagonists; patients under guardianship.

Objectivesandendpoints. Theprimaryobjective of thephase I part of
the study was to determine the safety of the combination of olaparib,
cyclophosphamide, and metformin using NCI-CTAE v.4 criteria, along
with the RP2D). The phase II part was designed to evaluate the efficacy
of the combination in terms of the non-progression rate at 10 weeks
(NPR-10w), among other secondary outcomes like the best radi-
ological response to assess overall response rate (ORR); progression-
free survival (PFS); and safety throughout the study. The NPR-10w was
chosen as the efficacy endpoint to align with the timing of the first
imaging assessment, which occurred 10 weeks after the start of
treatment, taking into account that the first cycle lasted 6 weeks.

Phase I part
A Bayesian continual reassessment method (CRM) was used to guide
the olaparib dose-escalation into six predefined dose-levels (two
patients by level, Supplementary Table 1). At the end of the phase I
part, the RP2D was defined as the highest dose-level at which ≤20% of
patients would experience dose-limiting toxicities (DLT) with ≥4
patients treated at thisdose-level.DLTsweredefined as theoccurrence
of any of the following events during the first treatment cycle, which
were judged by the investigator(s) to be at least possibly related to
either drug (olaparib and/or cyclophosphamide): (i) Grade 4 neu-
tropenia absolute neutrophil count (ANC) < 0.5 × 109/l, for 7 or more
consecutive days, (ii) Grade ≥3 febrile neutropenia: ANC< 1.0 × 109/l
and fever ≥38.5 °C, (iii) Grade 3 thrombocytopenia: absolute platelets
count <50× 109/l or thrombocytopenic bleeding, (iv) Grade ≥3 non-
hematologic toxicity despite adequatemedical intervention excluding
toxicities that do not pose a safety risk (e.g., alopecia, asymptomatic
hypophosphatemia), as judged by the investigator.

The phase I part was planned to stop when: (i) 20 patients eva-
luable for DLT would have been included; or (ii) in the case of 10
consecutive patients would have been treated at the same dose-level
upon CRM guidance; or (iii) in the case of excessive number of DLTs
observed at the lowest dose-level.

During cycle 1 only, the three drugs were gradually introduced
during run-in periods: (i) olaparib alone from day 1 to day 7 (week 1),
(ii) olaparib + metronomic cyclophosphamide from day 8 to day 14
(week 2), (iii) olaparib + metronomic cyclophosphamide + metformin
on day 15, and onwards (week 3–6), to understand potential clinical
and biological interactions between the three drugs (Supplementary
Fig. 1). Subsequent cycles, based on the continuous administration of
the three drugs, were administered on 4-week cycles.

Phase II part
Additional patients were then enrolled at the RP2D (defined during the
phase I part) to assess the efficacy in terms of NPR-10w using a Simon
minimax 2- 2-stage design. Treatment would be considered interesting
if the NPR-10w was ≥50% (Hypothesis H1), and not interesting if it was
≤20% (Hypothesis H0). The 20% and 50% thresholds for NPR-10wwere
based on the outcomes of previous studies with chemotherapy and
endocrine treatments in the second-line setting, with non-progression
rates reported between 39% and 45% (before the publication of KEY-
NOTE-775)39–41. This design required a maximum of 17 patients, with a
one-sided alpha risk of 10% and power of 90%.
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NPR-10w calculation was based on the number of patients with
stable disease (SD), partial response (PR) and complete response (CR)
defined according to RECIST v.1.1, after 10 weeks of treatment. During
the first stage of the Simon design, a maximum of 10 patients asses-
sable for tumor response rate had to be enrolled at RP2D. If less than
three successes were observed among the 10 first patients assessable,
the trial would be closed for non-efficacy. On the other end, if at least
three successes were observedwithin the first 10 assessable patients at
RP2D, the recruitment would continue in the second stage of the
design for a total of 17 patients (including at least 4 patients treated at
RP2D during the phase I part). If less than six successes were observed,
the treatment would be considered as not worthy, and the trial would
be closed for non-efficacy. However, if at least six successes were
observed the treatment would be considered as worthy for further
development. No efficacy hypothesis was established based on the
molecular subtypes.

Safety evaluation
Clinical examination, urine dipsticks, ECG and biological tests were
performed at baseline, after 1 week, and then every other week during
cycle 1, and then at each cycle. Adverse events were recorded and
graded using CTCAE v4.0. Patients were evaluated for DLTs during the
first (6 weeks) cycle. DLTs are defined in the Supplementary Data.

Efficacy evaluation
Tumorsweremeasuredusing computed tomography and/ormagnetic
resonance imaging scans at inclusion, at 10 weeks (at the end of cycle
2), and then every 2 cycles (8 weeks). The best tumor response was
assessed using RECIST (v1.1).

Molecular subtype characterization
The mismatch repair status of tumor cells (deficient MMR (dMMR/
MSI-High); or proficient MMR (pMMR/MSI-Negative)), along with
TP53 alteration (mutated/abnormal TP53, vs. wild-type/normal) and
POLE mutations were defined locally on archival tissue, according to
the local standard of care.

In addition, tumor samples were centrally reviewed to assess
BRCA mutational status and genome profiles as potential com-
plementary prognostic factors for efficacy. High level of copy number
alterations may serve as an additional predictor of olaparib benefit,
beyond histopathological classification. Translational analyses pre-
viously conducted on samples from patients enrolled in the rando-
mized phase 2 UTOLA trial indicated that those with both TP53
alterations and high levels of large genomic alterations (LGA) derived
the greatest benefit from olaparib maintenance therapy17.

Tumor cell content was systematically evaluated by a pathologist
onH&E-stained slides.Only sampleswith tumor cell content≥25%were
analyzed for BRCA1/2 and LGA statuses. Ideally, 100 ng (minimum
20ng)of FFPE-derivedDNAwasused to construct the librarieswith the
Agilent SureSelect XT-HS library prep kit (Agilent Technologies, Santa
Clara, CA). The pooled pre-capture and capture libraries were
sequenced using a NovaSeq 6000 (Illumina Inc., San Diego, CA). The
number of LGAs (large genomic alterations, defined as gains or losses
>9Mb) was determined using the shallowWhole Genome Sequencing
(sWGS) methodology via the shallowHRDv2 bioinformatics pipeline
based on pre-capture library preparation with a mean coverage of
~1x42. Tumors were categorized as LGA-low (≤7 LGA events per gen-
ome) or LGA-high (≥8 LGA events per genome), assumed to better
discriminate serous-like and endometroid-like carcinomas, as pre-
viously applied for UTOLA trial.

For BRCA1/2 sequencing, we prepared capture libraries using the
Agilent SureSelect CD Curie CGP panel. Bioinformatic analysis was
conducted as previously described43. Variant analysis focused on
BRCA1 and BRCA2 genes. We applied a minimum allelic fraction
threshold of 10% and a minimum read depth of 100. Only pathogenic

or likely pathogenic mutations (including nonsensemutations such as
frameshift deletions/insertions, stopgain, and splicing alterations)
were reported.

Statistical analyses and design
Progression-free survival (PFS), defined as the time from randomi-
zation to progression according to RECIST 1.1 criteria or death
(whichever came first) was evaluated over the entire follow-up per-
iod, using the Kaplan-Meier method to estimate the median survival
time, along with its 95% confidence interval. Confidence intervals for
proportions were calculated using the Clopper–Pearson exact
method.

Statistical analyses were performedwith SAS software (version 9.4)
and with R (version 4.0.3).

Reporting summary
Further information on research design is available in Nature Portfolio
Reporting Summary linked to this article.

Data availability
ENDOLA trial data may be shared on request according to the Lyon
University Hospital rules, based on the following principles: no data
should be released that would compromise an ongoing trial or study;
there must be a strong scientific or other legitimate rationale for the
data to be used for the requested purpose; investigators who have
invested time and effort into developing a trial or study should have a
periodof exclusivity inwhich to pursue their aimswith the data, before
key trial data are made available to other researchers; the resources
required to process requests should not be underestimated, particu-
larly successful requests that lead to preparing data for release, thus
adequate resources must be available to comply in a timelymanner or
at all, and the scientific aims of the study must justify the use of such
resources; and data exchange complies with Information Governance
and Data Security Policies in all the relevant countries. If the request
fits with these rules, the data may be available within a 3 month time
window after sponsor approval, for a maximum 6 month period.
Researchers wishing to access data from the ENDOLA should contact
sylvie.bin@chu-lyon.fr in the first instance. All remaining data can be
found in the article, Supplementary and Source Data files. Source data
are provided with this paper.
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