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Summary
Background Metformin use is associated with reduced cancer risk in epidemiological studies and has preclinical anti-
cancer activity in ovarian cancer models. The primary objective of this phase I study was to determine the recommended
phase II dose (RP2D) of metformin in combination with carboplatin/paclitaxel in patients with ovarian cancer.
Secondary objectives were to describe safety and pharmacokinetics. Methods In this single-center trial the RP2D of
metformin in combination with carboplatin area under the concentration-time curve (AUC) 6 and paclitaxel 175 mg/m2

every 3 weeks (q3w) in patients with advanced epithelial ovarian cancer was determined using a 3 + 3 escalation rule at
three fixed dose levels: 500 mg three times daily (tds), 850 mg tds and 1000 mg tds. Metformin was commenced on day
3 of cycle 1 and continued until 3 weeks after the last chemotherapy administration. The RP2D was defined as the dose
level at which 0 of 3 or ≤ 1 of 6 evaluable subjects experienced a metformin-related dose-limiting toxicity (DLT). Safety
was assessed according to CTCAE v4.0. Plasma and serum samples for pharmacokinetic (PK) analyses were collected
during treatment cycles 1 and 2. Results Fifteen patients with epithelial ovarian cancer and an indication for neo-
adjuvant (n = 5) or palliative (n = 10) treatment were included. No DLTs were observed. Three patients discontinued
study treatment during cycle 1 for other reasons than DLT. Six patients were treated at the RP2D of metformin 1000 mg
tds. The most frequent low-grade toxicities were anemia, hypomagnesemia and diarrhea. Grade 3 adverse events (AEs)
occurred in ten patients, most common were leucopenia (n = 4), thrombocytopenia (n = 3) and increased GGT (n = 3).
There were no grade 4 AEs. Metformin increased the platinum (Pt) AUC (Δ22%, p = 0.013) and decreased the Pt
clearance (Δ-28%, p = 0.013). Metformin plasma levels were all within the therapeutic range for diabetic patients
(0.1–4 mg/L). Conclusion The RP2D of metformin in combination with carboplatin and paclitaxel in advanced ovarian
cancer is 1000 mg tds. This is higher than the RP2D reported for combination with targeted agents. A potential PK
interaction of metformin with carboplatin was identified.
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Introduction

Epithelial ovarian cancer has the highest mortality of all gy-
necological cancers [1]. The disease is often diagnosed at a
late stage because symptoms only develop once the disease
has spread throughout the abdominal cavity. First line therapy
for advanced disease consists of complete debulking surgery
in combination with platinum-based chemotherapy [2]. Initial
complete response to therapy can be achieved. However, the
majority of patients ultimately develop recurrent disease, with
over 50% of women diagnosed with epithelial ovarian cancer
eventually dying of their disease [3]. Novel targets are needed
in ovarian cancer and targeting metabolic reprogramming is of
interest [4, 5].Mutations in the key tumor suppressor gene and
metabolic regulator p53 are the most frequent genetic abnor-
mality occurring in ovarian cancer [6–8]. Furthermore, the
mammalian target of rapamycin (mTOR) pathway is
overactivated in approximately 70% of ovarian cancers and
regulates protein translation of cell growth regulators such as
cyclin D1, hypoxia inducible factor 1α (HIF1α) andMYC, all
essential for survival under cellular stress [9–11].

Metformin is a biguanide widely used in patients with type
2 diabetes mellitus (T2DM). It improves glycemic control by
decreasing insulin resistance, reducing hepatic gluconeogene-
sis and inhibiting gastro-intestinal glucose resorption [12]. In
cancer cells, metformin inhibits mTOR through activation of
AMP-activated protein kinase (AMPK) resulting in reduced
cellular proliferation [13]. In addition, metformin reduces cel-
lular respiration by inhibiting complex 1 of the mitochondrial
respiratory chain limiting the cancer cell’s metabolic plasticity
[14–16]. Metformin-treated cancer cells compensate for sup-
pression of oxidative phosphorylation by enhancing glycolysis.
This metabolic conversion appears to be p53-dependent [17].
Therefore, in the absence of functional p53, as is usually the
case in high grade serous ovarian cancer (HGSOC), cancer
cells might be unable to compensate for metformin-induced
suppression of oxidative metabolism [18]. In ovarian cancer
cell lines and xenograft models, metformin treatment indeed
inhibits cell growth, induces apoptosis, inhibits angiogenesis
and metastatic spread, potentiates effectivity of platinum treat-
ment and reverses chemotherapy resistance [19–24].
Metformin use has been associated with a reduced ovarian
cancer risk and reduced (ovarian) cancer-specific mortality in
diabetic patients, compared to non-use and use of other hypo-
glycemic drugs [25–27].

Taken together, the body of preclinical and epidemiologi-
cal evidence suggests a potential role for metformin in the
treatment of advanced ovarian cancer, especially in combina-
tion with carboplatin [28]. Therefore, we conducted a phase I
dose-escalation trial to establish the recommended phase II
dose (RP2D) for further evaluation of the effects of metfor-
min treatment in combination with carboplatin in advanced
ovarian cancer.

Methods

Patient population

Adult patients with advanced stage (FIGO III-IV), histologi-
cally confirmed epithelial ovarian cancer eligible for
carboplatin/paclitaxel chemotherapy, either in the neo-
adjuvant or palliative setting, were eligible for this study.
Patients were required to have an ECOG-performance status
of 0–2, adequate blood counts, hepatic and renal function
(eGFR ≥60 ml/min, calculated by the Cockcroft-Gault equa-
tion) and provide written informed consent for trial participa-
tion. Patients that had used metformin within 4 weeks of study
enrolment were excluded, as were patients with a known hy-
persensitivity to the study drugs. No patients with diabetes
mellitus were included. Patients with symptomatic central ner-
vous system (CNS) metastases or peripheral neuropathy ≥
CTCAE v4.0 grade 2, serious active infections or other unsta-
ble medical conditions were also excluded. Detailed in- and
exclusion criteria are listed in Supplementary Table 1.

Study design

A phase I dose-escalation trial was performed in a single ter-
tiary center in the Netherlands. In addition to standard
carboplatin/paclitaxel chemotherapy, metformin was adminis-
tered in escalating doses according to a 3 + 3 design. Three
patients were included per metformin dose level cohort
(Table 1). In case any of these patients experienced a DLT,
the cohort would be expanded to six patients. If ≤1 of these six
patients experienced a DLT, escalation to the next dose level
was permitted. The maximum administered dose (MAD) was
defined as the dose level at which ≥2 patients experienced a
DLT. The RP2D was defined as one dose level below the
MAD. If theMADwas reached at the starting dose level, three
to six patients would be treated at dose level ‘−1’ and in
absence of DLT this would be the RP2D. In case no DLT
was seen at the highest planned dose level this would be the
RP2D. Additional patients were recruited into the recom-
mended phase II dose level to include at least six patients.
Safety was assessed for all patients entering the trial and re-
ceiving at least one dose of metformin. Toxicity was graded
using CTCAE v4.0 [29], and dose-limiting toxicities were
assessed until the end of cycle 2. A DLT was defined as a
toxicity related to metformin, fulfilling one of the criteria in
Supplementary Table 2. Any AE that occurred after start of
study treatment or worsened during study treatment was de-
fined as a treatment-emergent adverse event (TEAE).

Study treatment

Patients received carboplatin AUC = 6 and paclitaxel 175 mg/
m2 as a 3-h infusion on day 1 of every 3-week cycle. A
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maximum of 6 cycles were administered, with the exception
of patients whose CA-125 had not normalized but was still
declining during cycle 6 of palliative treatment. These patients
were permitted a maximum of 3 extra cycles. Dose modifica-
tions or delays of carboplatin and paclitaxel chemotherapy
were executed according to standard clinical practice.
Metformin was commenced on day 3 of cycle 1, to allow for
pharmacokinetic (PK) analyses of carboplatin and paclitaxel
in the absence of metformin. Within every dose level cohort,
the dose of metformin was gradually increased during cycle 1,
starting at 500 mg bd and increasing by one dose level every
3 days to the target dose level (Table 1). Intra-patient dose-
escalation of metformin results in better tolerance in diabetic
patients [30, 31]. The highest planned metformin dose level
was 1000 mg tds, corresponding to the maximum recom-
mended dose for treatment of T2DM [30]. Metformin treat-
ment was discontinued 3 days before a planned CT-scan or
surgery and resumed afterwards using the aforementioned
dose-escalation scheme. CT-scans and measurements of ca-
125 for evaluation of response to treatment were performed
according to standard practice.

Pharmacokinetic analysis

To assess the influence of metformin on the PK parameters of
carboplatin and paclitaxel, these were evaluated in cycle 1
(without metformin) and cycle 2 (with metformin). To deter-
mine the complete concentration-time curve, a 9-sample de-
sign was used for carboplatin for which plasma samples were
drawn after 30 min, 1 h, 1.5 h, 2 h, 3.5 h, 5.5 h, 9.5 h, 24 h (±
2 h) and 72 h (± 2 h) after administration of carboplatin. For
paclitaxel, four of these time points were used, namely 30min,
3.5 h, 24 h (± 2 h) and 72 h (± 2 h) after paclitaxel adminis-
tration. The following parameters of carboplatin and paclitaxel
PK were compared using the PK modeling software
MWPharm vers ion 3.82 (Mediware , Groningen,
Netherlands): maximum concentration (Cmax), time to reach
maximum concentration (Tmax), AUC, half-life (t1/2), total
body clearance and apparent volume of distribution (Vd).

Metformin was analyzed at the Department of Clinical
Pharmacy and Pharmacology of the University Medical
Center Groningen using a validated liquid chromatography-
tandem mass spectometry (LC-MS/MS) method. Samples
were diluted using a solution containing 2H-labeled

metformin. The lower limit of quantitation (LLOQ) was
0.1 mg/L and the upper limit of quantitation (ULOQ) was
100 mg/L. The coefficient of variation was less than 4.4%
over the entire working range. Platinum (Pt) was analyzed
using a validated ICP-MS method. The LLOQ was 1
microg/L and the ULOQ was 3000 microg/L. The coefficient
of variation was less than 4.7% over the entire working range.
Paclitaxel was analyzed at the Netherlands Cancer Institute
Amsterdam using a validated LC-MS/MS method [32]. The
concentration range was between 0.5 and 500 microg/L.
Samples with concentrations above the ULOQ were diluted
and reanalyzed. Inter-assay accuracy and precision were tested
at four concentration levels and were within 10% and less than
10%, respectively. All analytical methods were compliant
with the EMA guidelines for bio-analytical method validation
(https://www.ema.europa.eu/en/bioanalytical-method-
validation). PK profiles of carboplatin and paclitaxel were
determined during cycle 1 and cycle 2. The AUC was
calculated until the last time-point measured. Microsoft
Excel 2010 was used to carry out the numerical integration
(Δt = 1 min) to calculate the AUC. Pt levels during and after
infusion were calculated according to a 3-compartment PK
model using the KinFit module in MWPharm [33].

Statistical analysis

Baseline characteristics and incidence of AEs were summa-
rized using descriptive statistics. For the PK analyses, intra-
patient comparisons were performed using the Wilcoxon
signed rank test for AUC, Vd and clearance of carboplatin
and paclitaxel. All p values were calculated using IBM
SPSS Statistics for Windows version 23, assuming non-
parametric distribution. P < 0.05 was considered to indicate
a statistically significant difference.

Results

Characteristics of the study cohort

29 patients were informed about the trial. Nine patients de-
clined and five did not meet the in- and exclusion criteria.
Fifteen eligible patients were enrolled in the trial and received
≥1 dose of metformin (n = 5 neo-adjuvant and n = 10

Table 1 Dose levels and dose-
escalation schedule for metformin Dose level Dose of metformin given orally (total daily dose) Minimum number of patients

-1 500 mg bd (1000 mg) (3, if DLT at level 1)

1 500 mg tds (1500 mg) 3

2 850 mg tds (2250 mg) 3

3 1000 mg tds (3000 mg) 3

BD two times daily, DLT dose-limiting toxicity, TDS three times daily
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palliative setting), this population was used for the safety as-
sessment (Fig. 1). The baseline characteristics of these 15
patients are shown in Table 2. Three patients discontinued
study treatment during cycle 1 for other reasons than DLT:
one patient withdrew consent, and two patients experienced
a serious AE (SAE) unrelated to metformin treatment but
resulting in study discontinuation (one patient with a serious
depression and one patient with a urosepsis). One patient did
not provide consent for PK-analysis and for one patient plas-
ma samples were not drawn at the correct times to allow a
valid Pt AUC calculation. The population for PK analysis of
carboplatin and paclitaxel therefore consisted of the 10 and 11
patients respectively for whom valid and evaluable PK param-
eters were derived during cycle 1 and cycle 2 of treatment.

MTD and DLTs

No DLTs were observed for metformin. Six patients were
treated at the 1000 mg tds metformin dose level. Safety data
showed that most common low-grade toxicities were anemia,
hypomagnesemia and diarrhea. Grade 3 treatment-emergent
adverse events (TEAEs) occurred in nine patients, most com-
monly leucopenia (n = 4), thrombocytopenia (n = 3) and in-
creased GGT (n = 2). There were no grade 4 TEAEs. All grade

Fig. 1 Consort diagram of patient flow through the study. * For one
patient plasma samples were not drawn at the correct times to allow for
a valid Pt AUC calculation. PK of carboplatin was therefore assessed in
10 patients.

Table 2 Baseline characteristics of study participants

Baseline characteristics (n = 15)

Age (years)

Median (range) 66 (55–71)

Setting, N (%)

Neo-adjuvant 5 (33)

Palliative 10 (67)

FIGO stage, N (%)

IIIC 7 (47)

IV 8 (53)

ECOG-PS, N (%)

0 10 (67)

1 5 (33)

GFR (mL/min, Cockcroft-Gault), median (range) 84 (60–120)

Previous chemotherapy lines, N (%)

0 5 (33)

1 4 (27)

2 3 (20)

>2 3 (20)

ECOG-PS Eastern Cooperative Oncology Group Performance Status,
FIGO Fédération Internationale de Gynécologie Obstétrique, GFR glo-
merular filtration rate

Table 3 Treatment emergent adverse events

Adverse events, N (%) (n = 15)
CTCAEv4.0 grade
(worst per patient)

1–2 3

Anemia 12 (80) 1 (7)

Leucopenia 8 (53) 4 (27)

Thrombocytopenia 6 (40) 3 (20)

Diarrhea 8 (53)

Nausea 5 (33)

Vomiting 2 (13)

Abdominal pain 2 (13)

Ascites 1 (7) 1 (7)

Hypomagnesemia 11 (73) 1 (7)

Hyponatremia 2 (13) 1 (7)

Increased ALT 8 (53)

Increased AST 5 (33)

Increased GGT 3 (20) 2 (13)

Increased creatinine 2 (13)

Dyspnea 1 (7)

Neuropathy 6 (40)

Fatigue 4 (27)

Extremity pain 3 (20)

Urinary tract infection 1 (7)

CTCAE common terminology criteria for adverse events
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3 TEAEs and grade 1–2 TEAEs occurring in ≥10% of patients
are listed in Table 3.

Twelve patients completed all planned carboplatin cy-
cles. Three patients stopped paclitaxel treatment early;
one patient after cycle 4 due to myelosuppression and two
patients did not receive the last paclitaxel cycle due to neu-
ropathy. In three patients the carboplatin dose was reduced
due to thrombocytopenia, in one patient the dose was re-
duced by two levels. Paclitaxel dose was reduced by one
level in eight patients, due to chemotherapy-related
myelosuppression (n = 3) or neuropathy (n = 5). Seven pa-
tients required one or more dose delays (one n = 2; two n =
3; four n = 2). Dose delays were due to chemotherapy-
related hematological toxicity in six patients and a viral
infection in one patient.

Pharmacokinetics

Platinum PK analyses were performed in 10 patients. The
AUC was calculated for t = 0 to t = 48 h, because in two
patients the 72 h sample was missing. Median PK parame-
ters of Pt are shown in Table 4. Carboplatin AUCs in cycle 2
were corrected for carboplatin dose adjustment from cycle

Table 4 Pharmacokinetic parameters of platinum

Parameter Unit Carboplatin
without
metformin
(median (IQR))

Carboplatin with
metformin
(median (IQR))

p
value

CL L/h 3.39 (1.2) 2.44 (1.5) 0.013

Vda L 484 (135.6) 385 (170.9) 0.037

AUC 48 h mg/L*h 82.8 (14.2) 91.8 (35.0) 0.028

AUC 48 h
corrected
for dose
adjustment

mg/L*h 82.8 (14.2) 101 (44.7) 0.013

Pharmacokinetic parameters of platinum (carboplatin) when administered
as combination chemotherapy with paclitaxel and with addition of met-
formin (n = 10 patients)
aWith the KinFit analysis, it was determined that a three-compartment
model fit the platinum levels best based on the improved p-values of the
fits compared to a two-compartment model. No significant difference in
volume of distribution was found in any of the three separate
compartments.

PlatinumAUCs of cycle 2 were corrected for carboplatin dose adjustment
from cycle 1 to cycle 2 in 3 patients (dose reduction for reason of throm-
bocytopenia), assuming a linear relationship between dose and AUC.
AUC area under the concentration-time curve, CL clearance, IQR inter
quartile range, Vd total volume of distribution

Fig. 2 Platinum AUC, clearance
and total volume of distribution
without (cycle 1) and with
metformin (cycle 2), calculated
from measurement of platinum in
plasma samples in 10 patients in
three dose cohorts of metformin
(metformin 500 mg bd n = 2,
850 mg tds n = 3, 1000 mg tds
n = 5). The lines between the two
boxplots indicate the intra-
individual changes of platinum
AUC, clearance and total volume
of distribution (n = 10 patients).
Platinum AUCs of cycle 2 were
corrected for carboplatin dose ad-
justment from cycle 1 to cycle 2 in
3 patients (dose reduction for
reason of thrombocytopenia), as-
suming a linear relationship be-
tween dose and AUC
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1 to cycle 2 in three patients (dose reduction due to throm-
bocytopenia), assuming a linear relationship between dose
and AUC, to assess the effect of metformin on Pt AUC.
PK analysis showed a metformin induced increase in the
AUC of Pt (82.8 mg/L*h vs. 101 mg/L*h, Δ 22.0%, p =
0.013) and a decrease in the Pt clearance (3.39 L/h vs.
2.44 L/h, Δ-28%, p = 0.013). There were no differences in
Pt AUC 48 h between dose groups; however the small group
sizes hamper a firm conclusion. A decrease of 20.5% in
median total volume of distribution (Vd) of Pt was found
when co-administrated with metformin (484 L vs.385 L, p =
0.037) (Fig. 2). When patients were ranked based on
carboplatin AUC and clearance, there was no correlation
between these parameters and occurrence of known
carboplatin toxicities such as thrombocytopenia and hypo-
magnesemia. Moreover, there was no correlation between
metformin induced changes in carboplatin pharmacokinetics
and toxicity. There were no differences in paclitaxel AUC,
clearance or Vd between cycle 1 without metformin and
cyc le 2 o f t r ea tmen t wi th met fo rmin (F ig . 3 ,
Supplementary Table 3). All measured metformin levels
were within the therapeutic range of 0.1–4 mg/L for diabetic
patients) [34, 35].

Evaluation of response to treatment

Response assessment was not an endpoint in this study and
was performed according to standard clinical practice.
Treatment efficacy parameters for individual patients are listed
in Supplementary Table 4.

Discussion

The recommended phase II dose (RP2D) of metformin in
combination with carboplatin and paclitaxel in our study
was 1000 mg tds (3000 mg/day).

This RP2D is higher than in other early phase trials where
metformin was combined with other anti-cancer therapy.
Overlapping gastro-intestinal toxicities of metformin with,
for example, mTOR-inhibitors and 5-FU based chemotherapy
may have led to lower tolerability of combination therapy in
these trials. Furthermore, relatively fit patients were included
in our study; 67% had an ECOG-PS of 0 and 33% an ECOG-
PS of 1. Metformin tolerability as monotherapy and in com-
bination with anti-cancer therapy is improved when intra-
patient dose-escalation schemes are used [36–39]. The dose-

Fig. 3 Paclitaxel AUC, clearance
and total volume of distribution
without (cycle 1) and with
metformin (cycle 2), calculated
frommeasurement of paclitaxel in
plasma samples in 11 patients in
three dose cohorts of metformin
(metformin 500 mg bd n = 3,
850 mg tds n = 3, 1000 mg tds
n = 5). The lines between the two
boxplots indicate the intra-
individual changes of carboplatin
AUC, clearance and total volume
of distribution (n = 11 patients).
Paclitaxel AUC of cycle 2 was
corrected for paclitaxel dose ad-
justment from cycle 1 to cycle 2 in
1 patient (dose reduction for rea-
son of leukopenia), assuming a
linear relationship between dose
and AUC
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escalation scheme used in our study, likely contributed to the
relatively high RP2D (3000 mg/day). The characteristics of
previous trials can be found in supplementary Table 5
[36–48].

The combination of metformin with carboplatin and pacli-
taxel was tolerable and no dose-limiting toxicities occurred.
Diarrhea is a well-known side effect of metformin, occurring
in 20% of metformin treated diabetic patients leading to dis-
continuation in 5% of patients [49, 50]. Diarrhea occurred in
eight patients in our study (53%), all grade 1–2. Although this
is comparable to rates observed in other metformin combina-
tion studies it must be considered that diarrhea, even at low
grades, can have a serious impact on health-related quality of
life, and reduce treatment adherence. Hypomagnesemia is re-
ported in 18% of type 2 diabetes mellitus patients receiving
metformin [51], and even more frequently in patients receiv-
ing carboplatin (up to 46%) [52]. We therefore expected to
observe an increased frequency of hypomagnesemia.
Hypomagnesemia indeed occurred in 12 of 15 patients
(80%) in our trial. However, in the majority of patients this
was mild (11 patients grade 1–2) and all patients were treated
with oral supplementation only. Other frequently occurring
adverse events were related to myelosuppression, with fre-
quencies not higher than expected for carboplatin and pacli-
taxel chemotherapy.

Metformin increased the Pt AUC by 22% and reduced Pt
clearance by28%. Due to the small number of patients per
dose group, it was not possible to determine whether metfor-
min had a dose-dependent effect on Pt AUC and clearance.
There were no other obvious factors explaining the difference
in Pt AUC and Pt clearance between cycle 1 and cycle 2. GFR
did not change significantly, changes in albumin levels were
not considered to be of influence because carboplatin does not
bind to protein in vitro [53] and corrections for body weight
changes were incorporated in the calculation of the
carboplatin doses in cycle 1 and cycle 2.

The metformin-induced reduction in renal clearance of Pt
could be due to a direct effect of metformin on the tubular
resorption of Pt, via its copper-binding properties [54, 55].
Copper transporters 1 and 2 (CTR1 and CTR2) regulate both
copper-transport and transport of carboplatin as well as cis-
platin into the cell [56, 57]. Copper-deficiency can be induced
by metformin binding to copper which may result in upregu-
lation of CTR1 as a compensatory mechanism [58].
Upregulation of CTR1 in kidney tubular cells may result in
improved retention of carboplatin resulting in decreased clear-
ance. Intracellular copper deficiency in cancer cells may also
enhance carboplatin uptake due to upregulation of copper
transporters [59]. Five patients with platinum resistant
HGSOC were treated with carboplatin in combination with
the copper chelator trientine yielding a partial response in
one patient and stable disease in three patients [60].
Metformin has indeed been shown to reverse platinum-

resistance of ovarian cancer cells through various
mechanisms, but copper transporters have not been evaluated
in these models [61, 62]. The majority of preclinical studies on
anti-cancer effects of metformin used higher concentrations of
metformin than those that can be achieved in patients with
diabetes [63]. However, metformin has been shown to accu-
mulate in tumor tissue, potentially due to the acidic tumor
microenvironment, which could well result in intratumoral
concentrations in the ranges studied preclinically [64, 65].

In conclusion, our study showed that the addition of met-
formin to carboplatin/paclitaxel in advanced ovarian cancer is
feasible and well tolerated, with a RP2D of 1000 mg tds. A
potential PK interaction of metformin with carboplatin was
identified.
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