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Progression after discontinuation of bevacizumab in the first-line

treatment of ovarian cancer
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The ICON7 (1) and GOG-0218 (2) trials demonstrated
that bevacizumab prolonged progression-free survival (PFS)
in the first-line treatment of advanced ovarian cancer. In
those trials, the difference in PFS between the control
and bevacizumab throughout group was greatest when
bevacizumab was administered at its maximum dose, and
almost disappeared at 24 months. Thus, it was thought that
progression due to early termination of bevacizumab may
have reduced the efficacy of bevacizumab.

The AGO-OVAR 17 Bevacizumab Ovarian Optimal
Standard Treatment (BOOST) trial (3) was an open-
label, randomized, phase III trial testing the superiority
of prolonged bevacizumab administration in the first-line
treatment of advanced ovarian cancer, and the primary
endpoint was PFS. In this trial, patients with stage IIB-IV
ovarian cancer received primary debulking surgery (PDS)
followed by 6 cycles of chemotherapy (paclitaxel 175 mg/m’
+ carboplatin area under curve 5) plus bevacizumab (15 mg/kg
every 3 weeks) for 15 months [bevacizumab (BEV)15
group] or 30 months (BEV30 group) beginning with the
first or second cycle. The results showed no difference in
PFS between treatment groups [hazard ratio 0.99; 95%
confidence interval (CI): 0.85-1.15] and no difference in
overall survival (OS) (hazard ratio 1.04; 95% CI: 0.87-1.23).
It was then concluded that 15 months of bevacizumab

treatment remains the standard of care.

In the BOOST trial, the Kaplan-Meier curve for PFS
showed that during the period when bevacizumab was
discontinued in the BEV15 group and bevacizumab was
administered in the BEV30 group, PFS was higher in the
BEV30 group than in the BEV15 group, with the difference
appearing to be greatest at the 30-month point. Then
the BEV30 group experienced more progressions in the
period after bevacizumab was discontinued, resulting in a
crossing of the survival curves of the two groups (Figure I).
This suggests that bevacizumab suppresses progression
while it is being administered, but that progression rather
increases after discontinuation. We examined the risk of
progression during bevacizumab administration and after
bevacizumab was discontinued based on the Kaplan-Meier
curves presented in the papers for the ICON7 (1), GOG-
0218 (2), and BOOST (3) trials (Table 1). The results
showed that bevacizumab suppressed progression in months
0-15 (risk ratio, 0.67 and 0.72, respectively) in both the
ICON7 and GOG-0218 trials, but increased progression
in months 15-30 after bevacizumab was discontinued
(risk ratio, 1.80 and 1.78, respectively). In the BOOST
trial, the risk ratio of progression was the same in months
0-15 while bevacizumab was administered in both groups
(risk ratio, 1.00), but the risk of progression in the BEV30
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group was lower in months 15-30 after bevacizumab was
discontinued in the BEV15 group (risk ratio, 0.68), while
there was an increase in progression in the BEV30 group
in months 30-45 (risk ratio, 2.75). Thus, the results in the
BOOST trial replicate the ICON7 and GOG-0218 trial
data in terms of reduced progression during bevacizumab
administration and increased progression after bevacizumab
discontinuation.

The main mechanism of action of bevacizumab, an anti-
VEGF-A antibody, is inhibition of angiogenesis in tumor
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Figure 1 Kaplan-Meier curves for PFS in the BOOST trial.
The BEV30 group had greater PFS than the BEV15 group at
30 months, but then progression of the BEV30 group increased
and the survival curves crossed. Fig. 24 in reference (3) is shown
with permission to reproduce. PFS, progression-free survival; CP,

carboplatin plus paclitaxel; BEV, bevacizumab.
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tissue. It causes hypoxia and hyponutrition of tumor cells,
which to some extent can cause tumor cell apoptosis and
necrosis, but does not eradicate tumor cells. And even
during bevacizumab treatment, hypoxia-induced VEGF-
independent and perhaps somewhat slower angiogenesis can
cause tumor growth, leading to relapse during bevacizumab
treatment (4). On the other hand, if the tumor growth
depends on the direct action of VEGF on tumor cells or on
VEGF-dependent vascularization (4), tumor enlargement is
suppressed during bevacizumab administration and relapse
occurs after bevacizumab is discontinued. Normalization
of blood vessels by anti-VEGF antibodies was previously
shown to potentially increase intratumor concentrations
of cytotoxic agents (5), but a more recent study reported
that it rather decreases them (6). It should be noted that
in the GOG-0218 study, bevacizumab did not increase the
response rate to chemotherapy (7,8). In addition, tumor
immunosuppression by VEGF (9) led to the expectation
that bevacizumab would activate tumor immunity, but
hypoxia caused by anti-VEGF antibodies can rather cause
tumor immunosuppression (10). And in the IMagyn050
trial, atetzolizumab in the presence of bevacizumab did not
prolong PFES in advanced ovarian cancer (11). Based on
the current evidence, bevacizumab should be considered
a cytostatic growth suppressor, not an eradicator of tumor
cells (8).

In the BOOST trial, 58% of patients underwent
complete surgery with PDS, and the median PFS exceeded
24 months (3). Given the increased risk of progression after
30 months in the BEV30 group, a cohort with a shorter
median PFS/OS might have had a statistically significant
difference in survival time between the two groups. This
is similar to the results of the ICON7 and GOG-0218
trials, which showed an increased benefit in the high-risk
cases (1,2).

Table 1 Risk ratio of progression of the experimental arm (right) to the standard arm (left)

ICON7 (1), Fig. 3A

GOG-0218 (2), Fig. 2B

BOOST (3), Fig. 2A

Time, PFS PFS PFS

months Risk ratio Risk ratio Risk ratio
Control Bevacizumab Control Bevacizumab BEV15 BEV30

0 1.00 1.00 - 1.00 1.00 - 1.00 1.00 -

15 0.55 0.70 0.67 0.33 0.52 0.72 0.66 0.66 1.00

30 0.35 0.34 1.8 0.15 0.20 1.78 0.38 0.47 0.68

45 - - - - - - 0.30 0.25 2.75

PFS, progression-free survival; BEV, bevacizumab.

© Annals of Translational Medicine. All rights reserved.

Ann Transl Med 2023;11(5):229 | https://dx.doi.org/10.21037/atm-22-6389



Annals of Translational Medicine, Vol 11, No 5 March 2023

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
by the editorial office, Annals of Translational Medicine. The

article did not undergo external peer review.

Conflicts of Interest: Both authors have completed the
ICMJE uniform disclosure form (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-6389/coif).
NM received a research grant from AstraZeneca. NM
also received lecture fees from AstraZeneca, Takeda
Pharmaceutical, and Chugai Pharmaceutical. The other
author has no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Perren TJ, Swart AM, Pfisterer J, et al. A phase 3
trial of bevacizumab in ovarian cancer. N Engl ] Med
2011;365:2484-96.

2. Burger RA, Brady ME, Bookman MA, et al. Incorporation
of bevacizumab in the primary treatment of ovarian cancer.

Cite this article as: Nakai H, Matsumura N. Progression after
discontinuation of bevacizumab in the first-line treatment of
ovarian cancer. Ann Transl Med 2023;11(5):229. doi: 10.21037/
atm-22-6389

© Annals of Translational Medicine. All rights reserved.

10.

11.

Page 3 of 3

N Engl ] Med 2011;365:2473-83.

Pfisterer J, Joly F, Kristensen G, et al. Optimal Treatment
Duration of Bevacizumab as Front-Line Therapy for
Advanced Ovarian Cancer: AGO-OVAR 17 BOOST/
GINECO OV118/ENGOT Ov-15 Open-Label
Randomized Phase III Trial. J Clin Oncol 2023;41:893-902.
Simon T, Gagliano T, Giamas G. Direct Effects of Anti-
Angiogenic Therapies on Tumor Cells: VEGF Signaling.
Trends Mol Med 2017;23:282-92.

Tong RT, Boucher Y, Kozin SV, et al. Vascular
normalization by vascular endothelial growth factor
receptor 2 blockade induces a pressure gradient across
the vasculature and improves drug penetration in tumors.
Cancer Res 2004;64:3731-6.

Rohrig F, Vorlovi S, Hoffmann H, et al. VEGF-ablation
therapy reduces drug delivery and therapeutic response in
ECM-dense tumors. Oncogene 2017;36:1-12.

European Medicines Agency. Avastin Assessment report
(2011) EMA/CHMP/788079/2011. Available online:
https://www.ema.europa.eu/en/documents/variation-
report/avastin-h-c-582-ii-0041-epar-assessment-report-
variation_en.pdf

Nakai H, Matsumura N. The roles and limitations of
bevacizumab in the treatment of ovarian cancer. Int J Clin
Oncol 2022;27:1120-6.

Horikawa N, Abiko K, Matsumura N, et al. Expression of
Vascular Endothelial Growth Factor in Ovarian Cancer
Inhibits Tumor Immunity through the Accumulation

of Myeloid-Derived Suppressor Cells. Clin Cancer Res
2017;23:587-99.

Horikawa N, Abiko K, Matsumura N, et al. Anti-VEGF
therapy resistance in ovarian cancer is caused by GM-
CSF-induced myeloid-derived suppressor cell recruitment.
Br J Cancer 2020;122:778-88.

Moore KN, Bookman M, Sehouli J, et al. Atezolizumab,
Bevacizumab, and Chemotherapy for Newly Diagnosed
Stage III or IV Ovarian Cancer: Placebo-Controlled
Randomized Phase III Trial (IMagyn050/GOG 3015/
ENGOT-0V39). J Clin Oncol 2021;39:1842-55.

Ann Transl Med 2023;11(5):229 | https://dx.doi.org/10.21037/atm-22-6389


https://atm.amegroups.com/article/view/10.21037/atm-22-6389/coif
https://atm.amegroups.com/article/view/10.21037/atm-22-6389/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

