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� Bevacizumab combined with chemotherapy does not increase PFS in comparison to chemotherapy in recurrent endometrial cancer.
� Cardiovascular events were more frequent in the bevacizumab arm.
� Secondary endpoint suggests activity of bevacizumab in endometrial cancer which merits further exploration.
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a b s t r a c t

Objective: Increased Vascular Endothelial Growth Factor Receptor (VEGF) expression in endometrial
cancer (EC) is associated with a poor prognosis. Preliminary clinical data reported Bevacizumab effec-
tiveness in EC both as single agent and in combination with chemotherapy.
Methods: In a phase II trial, patients with advanced (FIGO stage III-IV) or recurrent EC were randomized
to receive Carboplatin-Paclitaxel standard dose for 6e8 cycles vs Carboplatin-Paclitaxel and Bevacizumab
15 mg/kg in combination with chemotherapy and maintenance until disease progression or unacceptable
toxicity. The primary endpoint was progression free survival (PFS).
Results: 108 patients were randomized; PFS (10.5 vs 13.7 months, HR 0.84 p ¼ 0.43), overall response
rate (ORR 53.1% vs 74.4%) and overall survival (OS) (29.7 vs 40.0 months, HR 0.71 p ¼ 0.24) resulted in a
non-significant increase in Bevacizumab treated patients. The PFS increase became significant when an
exploratory analysis with the Breslow test was used. Moreover, patients treated with Bevacizumab
experienced a significant increase in 6-month disease control rate (70.4% vs 90.7%). Cardiovascular events
were more frequent in the experimental arm (“de novo” grade �2 hypertension 21% vs 0% and grade �2
thromboembolic events 11% vs 2% in the Bevacizumab vs standard treatment arm, respectively).
Conclusions: Bevacizumab combined with chemotherapy in the treatment of advanced/recurrent EC
failed to demonstrate a significant increase in PFS in the MITO END-2 trial. Nevertheless, these
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preliminary data suggests some effectiveness of the antiangiogenic agent which merits further explo-
ration in a larger population with a better molecular characterization.

© 2019 Elsevier Inc. All rights reserved.
1. Introduction

Since 2008, the incidence of endometrial cancer (EC) has
increased by 21% and the mortality rate per 100,000 cases doubled
over the last two decades [1]. Advanced (FIGO stage III-IV) or
recurrent ECs have a dismal prognosis. Carboplatin and Paclitaxel in
combination represents the care standard of advanced and recur-
rent EC, resulting in a median progression free survival (PFS) of 12
months and median overall survival (OS) of 32 months [2].

Vascular Endothelial Growth Factor (VEGF) expression in EC has
clinical and biological implications as increased VEGF levels, which
are associated with higher histological grade, deeper myometrial
invasion, nodal metastasis and poorer outcome [3,4]. Moreover,
VEGF expression is associated with elevated tumor vascularization,
measured by microvessel density, in EC tissues [5], representing an
independent predictive marker for decreased 5-year survival in
patients with advanced disease [4,6,7].

Bevacizumab, a humanized anti-VEGF monoclonal antibody
showed effectiveness in advanced/recurrent EC, both used as single
agent and in combination with chemotherapy [5]. In preclinical
studies with orthotopic mouse models, bevacizumab reduced tu-
mor volumes compared to controls [5,8]. Mechanistically, re-
searchers hypothesized that bevacizumab mimics the
differentiating effects of progesterone in the endometrium and
inhibits EC growth suppressing angiogenic and proliferative
signaling pathways [9].

A 13.5% response rate with a median PFS of 4.1 months and a
median OS of 10.5 months was reported in a clinical setting, with
single agent bevacizumab treatment in a phase II study enrolling 52
recurrent EC patients; of note, more than 40% of patients were
progression-free after 6-month of treatment [10]. In a small phase II
single arm trial with bevacizumab in combination with
Carboplatin-Paclitaxel treating 19 advanced/recurrent EC patients a
response rate of 73% with a median PFS of 18 months and a median
OS of 58 months were reported; moreover, 93% of patients were
progression free 6 months after treatment initiation [11].

The aim of this prospective, randomized phase II trial was to
compare Carboplatin-Paclitaxel (CP) chemotherapy in combination
with Carboplatin-Paclitaxel-Bevacizumab (CPeB) in advanced or
recurrent EC patients.
2. Material and methods

MITO END-2 was a multicenter, open label, randomized phase II
trial. Histologically confirmed advanced (FIGO stage III-IV) or
recurrent EC patients, included endometrioid and serous or clear
cell cancer andmeasurable or evaluable disease, according to Recist
criteria version 1.1, were enrolled. Carcinosarcomas and patients
receiving before trial initiation more than one platinum-based
chemotherapy line were excluded (patients may have received
one previous platinum-based chemotherapy if a minimum interval
of 6 months from the last platinum treatment had passed).

Other inclusion criteria were ECOG Performance status (PS) �2,
age �18 years, adequate bone marrow, renal and hepatic function,
controlled hypertension, no clinically significant cardiac disease.
Previous radiotherapy was allowed. Patients were ineligible in the
following cases: history of concomitant malignancy or prior ma-
lignancy other than non-melanoma skin cancer, untreated brain
metastasis, bleeding diathesis or coagulopathy, history of abdom-
inal fistula, gastrointestinal perforation or intraabdominal abscess
within 6 months prior to study enrollment and signs or symptoms
of gastrointestinal obstruction.

Patients were randomized 1:1 to receive Carboplatin AUC
5 þ Paclitaxel 175 mg/mq i.v. d 1 q 21 or the same chemotherapy in
combination and maintenance with Bevacizumab 15mg/kg d1 q 21
until disease progression, unacceptable toxicity or patient’s refusal.
Chemotherapy was given for 6 to 8 cycles based on physician’s
judgment. The three initial bevacizumab doses were administered
first over 90, then over 60 and after over 30 min. The 30-min
administration was maintained if well tolerated. In case of uncon-
trolled hypertension (at least 2 values of systolic
pressure > 150 mmHg or diastolic > 90 during a week) or symp-
tomatic hypertension less than CTCAE Grade 4, bevacizumab
treatment was suspended until blood pressure was controlled with
anti-hypertensive therapy. Bevacizumab was also temporarily
interrupted in the event of severe proteinuria defined as a urine
protein/creatinine (UPC) ratio > 3.5. Bevacizumab was continued if
the UPC ratio recovered to <3.5 within 8 weeks from discontinu-
ation. Bevacizumab treatment was permanently discontinued in
case of grade 4 hypertension, reversible posterior leukoencephal-
opathy syndrome or hypertensive encephalopathy, grade 4
nephrotic syndrome, arterial thrombosis, symptomatic grade 4 or
recurrent/worsening venous thromboembolic events after
resumption of bevacizumab treatment, grade 3 hemorrhage, bowel
perforation or fistula and any complete wound disruption.
Chemotherapy cycles were delayed for up to 2 weeks in case of
neutrophil count <1500 cells/mm3 or platelet count <100,000/
mm3. In case of grade 4 hematological toxicity prophylactic growth
factors were used according to local guidelines at the subsequent
cycle. Patients who failed to recover adequate blood cell counts
within two-weeks and despite growth factor stimulation, were
permanently excluded for cytotoxic chemotherapy, but could
continue single agent bevacizumab treatment based on physician’
judgment.

Stratification criteria were cancer type (endometrioid vs. non
endometrioid EC), advanced (stage III-IV) versus recurrent disease
and number of previous chemotherapy lines (0 vs 1).

The primary endpoint was PFS, defined as the time between
randomization and radiologic or clinical disease progression. Sec-
ondary endpoints were OS defined as the time between randomi-
zation until death or last patient contact; overall response rate
(ORR) defined as the sum of complete (CR) and partial (PR) re-
sponses. Responses were evaluated according to Recist criteria
version 1.1. in patients with measurable disease. Treatment safety
and tolerability was evaluated according to CTCAEs version 4.0 and
patient reported outcomes was assessed with EORTC-QLQ-C30 and
EN-34.

Patients reporting deterioration of clinical conditions were
considered as progressing even in absence of radiologic
confirmation.

Radiologic disease evaluation was symmetrically performed
every 9 weeks (regardless any cycle delay) during chemotherapy
treatment and every 3 months in the maintenance phase. The
radiologic assessment schedule was mandatory, given the potential
bias in absence of a placebo control arm and PFS as primary
endpoint and database evaluation after data lock confirmed



Fig. 1. Patient flow.
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radiologic evaluation was symmetrical between the two treatment
arms.

The trial was approved by the local Ethical Committees of each
participating institution and registered on the European Study
Registry with EUDRACT number 003301e16. All patients provided
written informed consent.
2.1. Statistical analysis

We calculated sample size based on a median PFS in advanced/
recurrent EC, which was reported to be approximately 12 months
[2]. One hundred and eight patients were randomized in a 1:1 ratio
and approximately 89 events (recurrence, progression or death)
needed to be observed in order to provide 80% power to detect a
30% improvement in PFS based on a 0.70 proportional hazard ratio
(HR). The power projection was based on a one-sided log-rank test
at an alpha ¼ 0.20 significance level. The proportion of patients lost
to follow up was assumed to be less than 10%.

The Breslow (Generalized Wilcoxon) test assesses homogeneity
by comparing odds ratio differences of two datasets analyzed in
two different stages [12]: the method gives more weight to early
occurring events, and it is considered the most appropriate statis-
tical test when a large fraction of patients are censored at early time
points and the curves cross. Given the different velocity with which
progression events occurred in the two different observation pe-
riods (interim non pre-planned futility analysis and final analysis)
and because of the curve crossing, and exploratory analysis with
the Breslow test was performed to evaluate differences in PFS be-
tween the two treatment arms.
Table 1
Patient characteristics.

Characteristic CP (N ¼ 54) CP-B (N ¼ 54)

Median age, years (range) 65 (32e80) 63 (28e81)
ECOG PS, N (%) 0 44 (81) 46 (85)

1/2 10 (19) 8 (15)
Disease status Advanced 19 (35) 19 (35)

Recurrent 33 (61) 34 (63)
Histology Endometrioid 38 (70) 37 (72)

Serous/Clear cell 7 (13) 11 (20)
Grading G1/2 19 (35) 23 (43)

G3 28 (52) 25 (46)
Previous Chemotherapy 15 (28) 11 (20)
Previous Radiotherapy 26 (48) 23 (42)
Comorbidities Hypertension 29 (54) 23 (43)

Renal 2 (4) 1 (2)
Diabetes 4 (7) 5 (9)
2.2. IDMC evaluation

An Independent Data Monitoring Committee (IDMC) was
established at the study beginning. The IDMC met on November
2013 to review the safety events during the trial execution and,
after careful adverse event (SAEs) evaluation, recommended trial
continuation because SAEs retraced the drug’s safety profile.
Moreover, the IDMC suggested that the Steering Committee would
perform a non pre planned interim futility analysis to assess po-
tential impact (if any) of early CP-B patient drop outs, given the
higher treatment discontinuation rates due to SAEs in the experi-
mental arm. Interim futility analysis data and final safety data were
presented at ASCO 2015 when 75% of progression events had
occurred [13]. The present paper reports final efficacy data for PFS
and immature OS data.
3. Results

Between April 2012 and June 2014, 110 patients were screened,
and 108 patients randomized in 12 Italian Institutions; soon after
randomization 1 patients in each arm refused treatment. These
patients were included in the primary intention to treat analysis
but were excluded from the safety analysis involving patients who
had received at least one chemotherapy cycle. Forty-nine patients
in the standard treatment arm and 47 in the experimental arm
represented the population with measurable or non measurable
disease, evaluable for response analysis. Final data are presented
with a median follow up of 60 months. Fig. 1 reports patient flow.

The two treatment arms were well balanced according to clin-
ical and pathologic characteristics with about 60% recurrent disease
patients and approximately 50% grade 3 tumor patients. In 16% of
patients serous and clear cell EC were diagnosed, 45% had previ-
ously received external radiotherapy and 24% a previous chemo-
therapy line. At the time of study enrollment, about 48% of patients
in both arms had controlled hypertension (with a slight higher
prevalence in the standard arm) and 8% of patients had type 2
diabetes. Table 1 reports patient characteristics.
3.1. Treatment compliance

A median of 6 chemotherapy cycles were administered in both
treatment arms and a median of 12 Bevacizumab courses (range
1e38) were administered in the experimental arm. No difference in
chemotherapy dose reductions and toxicity delays were noted in
the two treatment arms while more patients treated with



Table 2
Haematologic and non haematologic toxicities.

Grade �3 Adverse Events CP (53 pts) (%) CP-B (53 pts) (%)

Anaemia 6 (11.1) 6 (11.3)
Leukopenia 15 (27.8) 15 (28.3)
Neutropenia 25 (46.3) 30 (56.6)
Febrile Neutropenia 0 3 (5.6)
Thrombocytopenia 0 3 (5.6)
Asthenia 1 (1.9) 5 (10)*
Nausea 0 1 (1.9)
Grade �2 Hypertension 0 11 (20.7)
Renal toxicity 0 1 (1.8)
Thromboembolic events
Arterial 1 (1.9) 2 (3.7)
Venous 0 4 (7.4)�

Grade �2 Cardiac toxicity
Myocardial Ischemia 1 (1.9) 2 (3,7)
Arrhythmia 0 1 (1,9)
Fistulas 0 2 (3.7)
G2 Dyspnea 2 (3.7) 1 (1.9)
G2 Neurologic Confusional State 0 3 (5.5)
G2 Haemorrage 1 (1.9) 0

*p < 0.09.
�p ¼ 0.005.
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Bevacizumab experienced discontinuations due to toxicity (4% vs
18% in standard and experimental arm respectively; p < 0.05)
(Table S1).
3.2. Toxicity

Eight SAEs were reported among 7 patients in the standard
treatment arm versus 21 SAEs occurring in 16 patients in the CP-B
treatment arm (Table S2). Clinicians reported all SAE as non-
treatment related in the standard arm while 14 events were
defined as related to the CP-B treatment. In the majority of cases
non hematological toxicity was represented by cardiovascular
events (grade �3 arterial and venous thrombosis 11% vs 2% in the
experimental and standard arm respectively) (Table 2). No wors-
ening of preexisting hypertension was registered in enrolled
Fig. 2. Progression
patients while a “de novo” appearance of grade �2 hypertension
was reported in 21% of patients treated with Bevacizumab. No
differences were reported between the two arms in terms of car-
diac toxicity: 2 patients in the experimental arm experienced a
myocardial ischemia with a clinically significant reduction in left
ventricular ejection fraction in one of them (vs 1 patients in the
standard arm) and in one patient a G2 arrhythmiawas detected. No
difference in terms of hematological and others non hematological
toxicities were registered between the two treatment arms. In the
experimental arm two patients previously received external
radiotherapy experiencing gastro-intestinal fistulas and 3 patients
reported G2 neurologic disorders (Table 2). One patient in the
standard arm reported G2 hemorrhage. No treatment related
deaths were registered.
3.3. Efficacy

At the time of interim, non pre-planned, analysis (May 2015) we
noted a significant increase in median PFS in the CP-B arm (13.0 vs
8.7 months) with a HR 0.59 (range 0.35e0.98; Fig. S1) [13]. At that
time the OS data were immature, referring to only 35% of events; a
not significant increase in median OS was reported in the experi-
mental arm (23.5 vs 18 months) and a HR of 0.65 (0.31e1.36;
Fig. S2) [13].

The final analysis is not significant with increased median PFS
values of 13.7 vs 10.5 months; p ¼ 0.43 in the CP-B arm and a HR of
0.84 (range 0.5e1.3; Fig. 2; log rank test). Given that in our study,
74% of progression events occurred during the first year after
accrual completion and the remaining 26% in the following 3 years
of observation, and exploratory analysis with the Breslow (Gener-
alized Wilcoxon) test was performed to evaluate difference in PFS
[12]. Analyzing the increased PFS results with the Breslow test the p
resulted significant (p ¼ 0.08) according to the level of significance
of our statistical plan (p ¼ 0.20) (Fig. 2).

Other clinically interesting parameters were identified among
the secondary endpoint which merit further investigations. OS data
are still immature: median OS was 40.0 vs 29.7 months in the
experimental and standard arm respectively (HR 0.71, range
free survival.



Fig. 3. Overall survival.
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0.31e1.36, Fig. 3). Forty-nine patients in the standard treatment
arm and 47 patients in the CP-B arm, with measurable and not
measurable disease were evaluable for response analysis. Objective
responses were 74.4% vs 53.1% in the experimental and standard
arm, respectively. A significantly higher percentage of 6- and 12-
months disease control (90.7% vs 70.4% and 54.7% vs 45.3%) was
registered in the CP-B arm (Table 3).

Forest Plot of effect treatment by conventional patients’ char-
acteristics although limited by the small number of patients sug-
gests a benefit of bevacizumab in higher risk groups (non
endometrioid tumour and old age patients) (Supplementary Fig. 3).
4. Discussion

VEGF expression in EC is associated with a higher histological
grade, myometrial invasion and lymph node metastasis and has
been identified as an independent prognostic factor for poor
prognosis [3,4]. Our randomized trial investigated bevacizumab
effectiveness in combination with carboplatin-paclitaxel compared
to standard chemotherapy in advanced and/or recurrent EC,
because preliminary clinical data reported bevacizumab effective-
ness in advanced EC used as single agent or in combination with
chemotherapy [4,10].

Aghajanian et al. [10] administered bevacizumab (15 mg/kg
every 3 weeks) to 52 women with persistent or recurrent endo-
metrial cancer after one to two prior chemotherapy regimens.
Table 3
Overall response rate.

Clinical response CP
N ¼ 49 (%)

CP-B
N ¼ 47 (%)

Complete Responses 9 21
Partial Responses 17 14
Overall Response rate 26 (53.1) 35 (74.4)
Stabilizations of disease 20 (40.1) 10 (21.2)
Progressions of disease 3 (6.1) 2 (4.2)
6-months non PDa 38 (70.4) 49 (90.7)
12-months non PDa 24 (44.4) 29 (53.7)

Notes: PD ¼ progression of disease.
a Percentages calculated on ITT basis (54 patients per arm).
Twenty-nine patients (55.8%) additionally received prior radio-
therapy. One complete response and 6 partial responses were
observed, with an ORR of 13.5%, and a median response duration of
6 months; median PFS and OS were 4.2 months and 10.5 months,
respectively [10]. In a single arm phase II trial on 15 patients with
persistent or recurrent EC who had received one prior cytotoxic
regimen, the combination of CP-B obtained 5 complete responses
and 6 partial responses with an ORR of 73.0%, a median PFS of 18
months and a median OS of 58 months [11].

A three-arm randomized phase II GOG 86 P study, comparing
CP-B vs paclitaxel þ carboplatin þ temsirolimus vs ixabepilone þ
carboplatin þ bevacizumab to treat stage III-IV or recurrent EC
patients showed a significant 11.3months increase in OS in the CP-B
arm compared with the historical controls of patients treated with
carboplatin-paclitaxel alone quite in line with our 10.3 months
increase in OS in favor for the CP-B treatment. The same three-
armed trial did not show any difference in terms of PFS between
the three experimental arms [14].

To the best of our knowledge, this is the first randomized trial
addressing the role of bevacizumab in combination with
carboplatin-paclitaxel in comparison to standard chemotherapy in
advanced and/or recurrent endometrial cancer. Our study did not
meet its primary end-point and a not significant 3.2 months in-
crease in PFS and 10.3 months increase in OS were registered with
the combination of Carboplatin-Paclitaxel-bevacizumab with
respect to chemotherapy alone in advanced disease.

We decided to reanalyze our PFS datawith Breslow (Generalized
Wilcoxon) test [12], because we noted different event velocity with
large patient fraction during early trial stages in the statistical
analysis e evaluating the statistical test more appropriate for our
trial - even though the study protocol did not foresee the test
originally. Notable with Breslow test the median increase in PFS
became significant according the alfa level of the study. Secondary
end-points (objective response and 6-months disease control rate)
were consistent with the findings from the primary endpoint
analysis and suggest a possible benefit of Bevacizumab when
combined to chemotherapy in advanced/recurrent EC.

Moreover, according to the different velocity of progression
events, one could argue that the trial could have potentially
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enrolled two different populations with different biological char-
acteristics (i.e. POLE or MSI tumors vs high copy number tumors)
which have affected the prognosis. Traditionally EC prognosis and
treatment have been driven by clinical characteristics such as stage,
grade and histology. Cancers of the same stage and histology may
present very distinct molecular and genomic profiles that greatly
impact clinical behavior. In 2013, the whole genome studies of the
Cancer Genome Atlas (TCGA) identified 4 molecular subtypes of EC
based on mutational burden and copy number alterations which
defines 3 clinical groups of patients with completely different
prognosis [15]. 1) A subclass with the highest mutational load
(POLE), associated with an excellent prognosis; 2) An unstable
microsatellite EC (MSI, driven by mismatch repair deficiency); 3) A
low copy number EC with an intermediate outcome; and 4) A
subclass characterized by high somatic copy number alterations,
mostly driven by TP53 mutation, with unfavorable prognosis [15].
Recently a subgroup analysis of GOG/NRG Study 86P trial reported a
greater benefit of bevacizumab in p53 mutant endometrial cancer
(PFS 19.6 months vs 12 months in P53 mutated and wild type tu-
mors, respectively) suggesting that patients with more aggressive
tumors and earlier progression events, may experience enhanced
benefit from suppression of angiogenesis [16]. These results might
possible explain why the significant benefit demonstrated with
bevacizumab in early progressive patients became inconclusive
when less aggressive recurrences were analyzed together with
more aggressive, p53 mutated tumors. Future clinical trials will
necessary be implemented by the recent knowledge of the mo-
lecular heterogeneity of EC, and molecular classification should be
used at least as a stratification factor in order to detect a potentially
different effect of the drugs in the different subtypes.

Cardiovascular toxicity was a concern in our study: in the
experimental arm 11% of patients reported grade �3 arterial or
venous thromboembolic events and 3 patients reported cardio-
vascular toxicity (one patient experienced a clinically significant
reduction in left ventricular ejection fraction, in one patient a silent
myocardial injury was detected and in a patient a G2 arrhythmia
was reported). Moreover 18% of patients in the experimental arm
experienced treatment discontinuations due to toxicity. These fig-
ures favorably compare with what reported by previous studies
[10,11,14] with bevacizumab in EC patients: all the authors agreed
that no new signals of toxicity appeared but our advice is that
particular attention should be paid to cardiovascular events when
using bevacizumab in patients with preexisting risk factors for
cardiovascular events (older age, obesity, and/or concomitant co-
morbidities such as diabetes and hypertension) like endometrial
cancer patients.

A great limitation of our study is represented by the absence of a
translational sub-study, evaluating predictive biomarkers for bev-
acizumab response or a potentially different bevacizumab effect on
four EC subtypes. Previous studies demonstrated inconsistent re-
sults between VEGF assays, molecular signatures, immunohisto-
chemistry biomarkers and clinical outcomes and, at present, no
predictive efficacy biomarker has been validated for bevacizumab
in any cancer type [17].

Furthermore, our trial did not evaluate patients reported out-
comes (PROs) which would be useful to understand impact of
toxicity and prolonged intravenous treatment on patient quality of
life and wellbeing. This outcome measure is especially important
for elderly women who need a caregiver to manage and support
access to treatment in an outpatient setting. Initially, the trial
included the evaluation of quality of life. Unfortunately, we ach-
ieved a very low responded rate and data could not be analyzed. For
future trials, special support, in terms of dedicated research nurses
for instance, should be provided to elderly patients.

There is an inadequate number of chemotherapies and biolog-
ical agents in EC and unfortunately, with the recent exception of
FDA label for pembrolizumab in MSI patients, second-line chemo-
therapy options for recurrent disease are limited in number and
efficacy [18]. The optimization of first-line therapy in advanced
disease is a logical and evaluable strategy and several signals sug-
gest that the blockade of neovascularization may play a role in EC
treatment. In the era of personalized medicine, a careful evaluation
of the molecular profile of the disease before treatment initiation
would support successful trials and identify the appropriate
treatment options.

In conclusion, MITO END-2 trial is the first randomized trial
reporting on potential effectiveness of CP-B treatment in advanced/
recurrent EC with respect to chemotherapy alone and this combi-
nation in our opinion would merit further exploration in a larger
population with a deeper molecular characterization. The intrinsic
limitations of a randomized phase 2 trial with several methodo-
logical and statistical limitations and the small number of enrolled
patients preclude to drawn definitive conclusion on the efficacy of
bevacizumab in advancer endometrial cancer.
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