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Background: Bevacizumab in combination with chemotherapy prolonged the
progression-free survival (PFS) of patients with recurrent epithelial ovarian cancer (EOC)
in large-scale randomized controlled trials. However, real-world data for the use of
bevacizumab in Asian patients with EOC is lacking. This study investigated the efficacy
of adding bevacizumab to chemotherapy and compared it with that of chemotherapy
alone in patients with recurrent EOC using real-world data from an Asian population.

Method: We conducted a retrospective cohort study using data from a tertiary medical
center in central Taiwan. Patients who had EOC with first relapse between 2011 and 2019
were enrolled. Patients’ medical histories, medication treatment, and relevant information
were collected. The outcomes were PFS and overall survival (OS). The Kaplan-Meier plot
was used to generate a survival curve for OS and PFS. Cox proportional hazard analysis
was used to determine the associations of Bevacizumab treatment with OS and PFS with
adjustment of relevant variables. Subgroup analyses were conducted to determine if there
was a significant variation in the aforementioned associations.

Results: After a median follow-up of 23 months, 67% of patients in the Bevacizumab
group and 81% of patients in the non-Bevacizumab group had disease progression or
death. There was no significant between-group difference in OS (p = 0.475). The median
duration of PFS was 18.9 and 9.6 months, respectively, favoring those who were treated
with Bevacizumab. After multivariate adjustment, treatment with Bevacizumab was
associated with a lower risk of disease progression (hazard ratio 0.33, 95% CI 0.13-
0.85, p = 0.021). The improvement in PFS was consistent in the subgroups of different
histological types, different disease stages at diagnosis, different treatment-free intervals,
those undergoing or not undergoing secondary cytoreductive surgery, diverse
chemotherapy regimens.
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Conclusion: Our findings provided crucial insights into the efficacy of bevacizumab for
the treatment of recurrent EOC in the real-world setting.
Keywords: recurrent epithelial ovarian cancer, bevacizumab (Avastin®), real-world study, progression,
survival outcome
INTRODUCTION

Epithelial ovarian cancer (EOC) is the second most common and
the most lethal gynecological cancer in developed countries (1).
Most of the patients are diagnosed as having advanced stage
disease and experience relapse of the disease despite achieving
complete remission. Approximately 49% of patients die within 5
years (2). Resistance to chemotherapy is commonly observed in
patients with recurrent EOC, and its treatment is considerably
challenging. Therefore, the prognosis of recurrent EOC is poor,
with a progression-free survival (PFS) of approximately 8–13
months (2–4). Asian countries had the largest number of
incident cases (~171,000) and mortality (~113,000) of EOC in
2020 (5), and only a small proportion of Asian patients (<30%)
were enrolled in previous clinical trials (2, 3).

Bevacizumab, a humanized monoclonal antibody against
angiogenesis, has been approved by the US Food and Drug
Administration for the treatment of recurrent EOC since 2016
(6–10). Bevacizumab in combination with chemotherapy
prolonged the PFS of patients with primary (6, 8) or recurrent
(7, 9) EOC in large-scale randomized controlled trials (RCTs).
However, patient enrollment into RCTs is usually highly
selective, and most of them are from Western countries.
Moreover, differences in the histological types and prognosis of
EOC between Asian and Caucasian patients have been reported
(11). Therefore, real-world data for the use of bevacizumab in
Asian patients with EOC (1, 12) are required, especially for those
with recurrent EOC.

This study investigated the efficacy of adding bevacizumab to
chemotherapy and compared it with that of chemotherapy alone
in patients with recurrent EOC by using real-world data from an
Asian population.
MATERIALS AND METHODS

Study Population and Data Collection
We conducted a retrospective cohort study by using data from a
tertiary medical center in central Taiwan. The study protocol was
approved by our institutional review board (CE21233B). We
identified patients who were newly diagnosed as having EOC
between 2011 and 2019 (n = 491, Figure 1). After excluding
patients who had concurrent cancer (n = 22), did not undergo
debulking surgery (n = 3), did not achieve disease remission after
treatment (n = 58), did not experience disease recurrence (n =
241), had incomplete data (n = 28), and were lost to follow-up (n =
34), we identified 105 patients with surgically and pathologically
proved EOC who had the first recurrence of the disease during the
study period. Furthermore, we excluded patients who declined
treatment (n = 24) and those who received poly (adenosine
2

diphosphate–ribose) polymerase (PARP) inhibitors or
immunotherapy (n = 14) for recurrent EOC. Finally, 67 patients
with first recurrence of EOC were analyzed in this study, and they
were divided into two groups based on whether they received
bevacizumab treatment for the recurrent disease (Figure 1).

According to international guidelines, we determined
chemotherapy regimens after recurrence based on the
treatment-free survival durations of the patients. Women who
had relapse less than 6 months after the end of front-line therapy
were treated with nonplatinum chemotherapy, whereas those
who had recurrence after 6 months were treated with the
combination of platinum and nonplatinum drugs. Because
bevacizumab was not reimbursed by our national health
insurance system before May 2020 (13), the treatment doses
and cycles of bevacizumab were affected by cost considerations.

Patients’ medical history, medication treatment data, and
relevant information were collected from electronic health
records. We assessed our patients’ socioeconomic status by ward
fee payment (totally covered by the National Health Insurance or
private insurance). The status of disease progression and survival
was confirmed inApril 2021. Disease progressionwas defined as an
increase in the volume of tumors and the presence of new lesions or
ascites on abdominal CT scans performed every 3 months. The
primary outcome of this study was overall survival (OS) and PFS.
OS was defined as the interval from the initiation of second-line
treatment for recurrent EOC to the date of mortality or April 2021.
PFS was defined as the interval from the initiation of second-line
treatment for recurrent EOC to the date of disease progression,
patient mortality, or April 2021.

Statistical Analysis
Differences in baseline characteristics between the two treatment
groups were compared using the Mann–Whitney U test and chi-
square test for continuous and categorical variables, respectively.
The Kaplan–Meiermethodwas used to generate survival curves for
OS and PFS. Cox proportional hazard analysis was performed to
determine the association of bevacizumab treatment with OS and
PFS after adjustment for relevant variables. Subgroup analysis was
conducted to determine if a significant variation was present in the
aforementioned association. All statistical analyses were performed
using the Statistical Package for Social Sciences (IBM SPSS version
22.0; International Business Machines Corp, NY, USA), and a p
value of <0.05 was considered statistically significant.
RESULTS

Table 1 lists the characteristics of the study patients according to
whether they received bevacizumab treatment for recurrent
ovarian cancer. Overall, most of the patients had serous
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TABLE 1 | Characteristics of study participants according to Bevacizumab treatment for recurrence.

Variables Chemotherapy alone Chemotherapy with Bevacizumab P

Number of participants 37 30
Age at diagnosis, years 59.0 (53.0-66.0) 56.5 (47.8-65.3) 0.316
Cell type, n (%) 1.000
Serous 28 (75.7) 23 (76.7)
Non-serous 9 (24.3) 7 (23.3)
Stage at diagnosis, n (%) 0.451
Stage I-II 3 (8.1) 5 (16.7)
Stage III-IV 34 (91.9) 25 (83.3)
Suboptimal debulking surgery, n (%) 5 (13.5) 3 (10.0) 0.722
Front-line Bevacizumab use, n (%) 7 (18.9) 4 (13.3) 0.742
Treatment free interval, n (%) 0.692
< 6 months 3 (8.1) 4 (13.3)
≥ 6 months 34 (91.9) 26 (86.7)
Cytoreductive surgery for recurrence, n (%) 14 (37.8) 8 (26.7) 0.480
Chemotherapy regimen for recurrence, n (%) 0.842
Platinum plus Paclitaxel or PLD 29 (78.4) 25 (83.3)
Others 8 (21.6) 5 (16.7)
Cycles of Chemotherapy 6.0 (5.0-9.5) 7.0 (6.0-9.0) 0.692
Cycles of Bevacizumab 0 8.5 (5.5-16.25)
Socioeconomic status (ward fee payment), n (%) 0.001
Totally covered by National Health Insurance 29 (78.4) 19 (63.3)
Private insurance 8 (21.6) 11 (36.7)
Frontiers in Oncology | www.frontiersin.org
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Data are presented as median (interquartile range) or n (%). PLD, pegylated liposomal doxorubicin.
FIGURE 1 | Study flow chart for population selection.
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ovarian cancer (76.1%) with advanced stage (88.1%, stage III-IV)
at diagnosis. Eight patients (11.9%) underwent suboptimal initial
debulking surgery, whereas 11 (16.4%) patients received first-line
bevacizumab treatment. Most of the patients (89.6%) had a
treatment-free interval of ≥6 months. After disease recurrence,
22 (32.8%) patients underwent secondary cytoreductive surgery,
with complete gross resection achieved in all patients, except in
one patient in the bevacizumab group. All the patients received
doublet chemotherapy, mainly with platinum plus paclitaxel
(80.6%) or platinum plus pegylated liposomal doxorubicin.
The dose of bevacizumab was 7.5 or 15 mg/kg every 3 weeks,
and 76% (23/30) of the patients underwent more than 6 cycles of
bevacizumab. The patients underwent fewer cycles due to
economic reasons rather than adverse effects. No significant
between-group differences were noted in these clinical variables
except socioeconomic status (ward fee payment, Table 1).

Figure 2 shows the Kaplan–Meier curves of OS and PFS.
After a median follow-up of 23 months, 67% of the patients in
the bevacizumab group and 81% of the patients in the non-
bevacizumab group exhibited disease progression or had died.
No significant between-group difference was observed in OS (p =
0.475). The median durations of PFS were 18.9 and 9.6 months,
respectively, in the bevacizumab and non-bevacizumab groups,
respectively (p = 0.070, Figure 2).

Table 2 shows the findings of Cox regression analysis for OS
and PFS after adjustment for relevant clinical variables. No
significant association was observed between bevacizumab
treatment and OS. After multivariate adjustment, bevacizumab
treatment was associated with a lower risk of disease progression
(hazard ratio: 0.33, 95% confidence interval [CI]: 0.13–0.85, p =
0.021). The benefit of bevacizumab treatment for the risk of
disease progression was consistent across various subgroups,
including subgroups of the cell type, cancer stage at diagnosis,
treatment-free interval, secondary cytoreductive surgery, and
chemotherapy regimen for recurrent disease (Figure 3, all p
interaction > 0.05).

In terms of the significant adverse effects of bevacizumab
treatment, two patients experienced new-onset hypertension,
and one patient experienced brain infarction without visible
brain metastasis on brain CT. Among patients not treated with
bevacizumab, one patient developed rectovaginal fistula after
bowel surgery and another patient experienced brain infarction
with the evidence of brain metastasis. All other severe adverse
effects other than hypertension occurred beyond the
second progression.
DISCUSSION

The results of this study demonstrated a significant improvement
in PFS with the addition of bevacizumab to chemotherapy for
recurrent EOC (Table 2). The improvement in PFS was
consistent in the subgroups of different histological types,
different disease stages at diagnosis, different treatment-free
intervals, those undergoing or not undergoing secondary
cytoreductive surgery, and diverse chemotherapy regimens
Frontiers in Oncology | www.frontiersin.org 4
(Figure 3). Our findings provided crucial insights into the
efficacy of bevacizumab for the treatment of recurrent EOC in
the real-world setting.

The improvement in PFS (hazard ratio: 0.33, 95% CI: 0.13–
0.85, p = 0.021) in our study was consistent with that observed in
previous phase III RCTs. In patients with recurrent platinum-
sensitive EOC, the addition of bevacizumab to carboplatin–
gemcitabine and carboplatin–paclitaxel significantly improved
PFS compared with chemotherapy alone in the Ocean trial
(hazard ratio: 0.484, 95% CI: 0.388–0.605, p < 0.001) (7) and
GOG0213 (hazard ratio: 0.628, 95% CI: 0.534–0.739, p < 0.001)
(14). More recently, the ENGOT-ov 18 trial (15) reported that
patients treated with bevacizumab–carboplatin–pegylated
liposomal doxorubicin (PLD) had longer PFS than did those
treated with different regimens established in the Ocean trial (7).
In patients with recurrent platinum-resistant EOC, bevacizumab
with a nonplatinum regimen (PLD, paclitaxel, or topotecan)
demonstrated a PFS benefit in the Aurelia trial (hazard ratio:
0.48, 95% CI: 0.38–0.6, p < 0.001) (9). On the basis of these trials,
the majority of our patients were treated with established
treatment combinations. However, most of the RCTs include
an almost homogenous group of participants, and patients may
receive more focused care and follow-up compared with that
typically observed in real-world practice. Moreover, the majority
of patients enrolled in the previous trials were from Western
countries (94% in OCEAN and 80% in GOG-0213) (7, 14). These
factors may limit the extrapolation of results to other populations
(16) such as Asian patients with recurrent EOC. Thus, real-world
observational studies should be conducted to confirm the
effectiveness of treatment under ordinary and often
variable conditions.

Real-world data regarding the effectiveness of bevacizumab in
Asian patients with recurrent EOC are scant. In a retrospective
cohort study (17), the use of bevacizumab in addition to front-
line chemotherapy was associated with an improvement in PFS
and OS in patients with ovarian, tubal, and peritoneal cancer
compared with chemotherapy alone. However, no data on the
use of bevacizumab in the recurrent setting are available. In
another cohort study, the outcomes of patients with recurrent
EOC treated with bevacizumab were reported. However, no
“control group” (patients without bevacizumab treatment) was
included in that study. Therefore, the efficacy of bevacizumab in
the setting of recurrent EOC should be explored. To our
knowledge, this is the first real-world study exploring the
benefit of bevacizumab treatment for recurrent EOC.

The prolonged PFS in our treatment group (median: 18.9 vs.
9.6 months, difference: 9.3 months) was longer than that
reported in previous RCTs (difference: 3–4 months) (7, 14, 18).
Uncertain problems regarding the treatment for recurrent
ovarian cancer still exist, including those related to the optimal
cycles of chemotherapy, combinations of chemotherapy, and
dosage of bevacizumab. The cycles of chemotherapy were limited
to 6–8 in GOG0213 (14) and 6 in the AGO-OVAR2.5 trial (15).
By contrast, patients in real-world practice might receive more
cycles of chemotherapy until no measurable disease is observed,
tumor markers return to normal levels, or intolerable side effects
May 2022 | Volume 12 | Article 843278
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A

B

FIGURE 2 | Overall survival (A) and progression free survival (B) in patients with recurrent ovarian cancer treated with chemotherapy with or without bevacizumab.
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are experienced. Overall, 40% of our patients received more than
six cycles of chemotherapy. Whether more cycles of
chemotherapy lead to more favorable outcomes for patients
with recurrent EOC warrants further investigation. In addition,
we had a higher proportion of patients undergoing secondary
cytoreductive surgery (33% in our study) compared with that in
the Ocean trial (11%) (7) and GOG 0213 (16%) (14), and almost
all the patients had no visible tumor after surgery, which may
have contributed to more favorable outcomes in our study.

In our study, treatment with bevacizumab reduced the risk of
disease progression in the patients who did not undergo secondary
cytoreductive surgery (hazard ratio: 0.49, 95% CI: 0.25–0.96,
Figure 3) with a nonsignificant between-group difference (in
patients who underwent secondary cytoreductive surgery, hazard
ratio: 0.76, 95% CI: 0.25–2.28, p interaction=0.530). Theoretically,
secondary surgery can act as a drug booster that enhances drug
penetration and helps to overcome drug resistance in patients with
poorly vascularized tumors. However, secondary surgery poses a
risk of surgical complications for patients, and it might postpone
bevacizumab treatment and increase its toxicity (such as fistula
formation or wound dehiscence). The role of secondary
cytoreductive surgery became controversial after the GOG0213
trial; this RCT that included 84% of the patients receiving
bevacizumab reported that secondary surgery followed by
chemotherapy did not significantly prolong survival compared
with no surgery (14). Recently, the SOC-1 trial (19), an RCT
conducted in China, demonstrated that secondary cytoreductive
surgery could extend PFS to nearly 5 months. The findings are
Frontiers in Oncology | www.frontiersin.org 6
similar to those of the DESKTOPIII trial (20). Notably, the
proportion of bevacizumab use was low in these two studies.
Based on the aforementioned results, the PFS benefit of
bevacizumab and secondary cytoreductive surgery might not be
additive. Patients may have various presentations of tumor relapse
(different recurrent anatomic sites and lymph nodes) and status of
BRCA gene. These factors may also impact patients’ outcomes
after secondary cytoreductive surgery, as reported in previous
studies (21, 22). Furthermore, new drugs are available (such as
PARP inhibitor) for treatment of recurrent EOC. The role of
surgical approach should be reconsidered, and individualized
treatment is needed (21, 22). Therefore, real-world data on
various study populations as a reference for treatment decision
are clinically relevant. Considering that patients who are not a
candidate for secondary surgery usually have larger tumor burden,
extensive metastasis, or poorer prognosis compared with surgical
candidates, treatment with bevacizumab in addition to
chemotherapy may be an optimal choice for these patients.

This study has several limitations. First, the treatment dose of
bevacizumab in our patients was lower than that administered in
previous RCTs (7, 9, 14) likely due to financial reasons. We
assessed and adjusted socioeconomic status (ward fee payment by
National Health Insurance or private insurance) (23, 24), and the
effect of bevacizumab on PFS was independent of this factor.
More than half of our patients received a treatment dose of 7.5
mg/kg every 3 weeks compared with 15 mg/kg every 3 weeks in
previous trials (7, 9, 14). Considering this limitation,
bevacizumab treatment significantly improved PFS in our
TABLE 2 | Associations of Bevacizumab treatment for recurrent disease with overall and progression free survival.

Overall survival Progression free survival

Bevacizumab (use vs. no use) Hazard ratio (95% CI) P Hazard ratio (95% CI) P

Univariate analysis 0.69 (0.24-1.93) 0.478 0.60 (0.34-1.05) 0.074
Multivariate analysisa 0.39 (0.08-1.92) 0.244 0.33 (0.13-0.85) 0.021
May 2022 | Volume 12 | Article 8
aAdjusted for stage at diagnosis, histological subtype, suboptimal debulking surgery, front-line Bevacizumab use, cytoreductive surgery, chemotherapy regimen for recurrent disease, and
socioeconomic status (ward fee payment).
FIGURE 3 | Subgroup analysis of the efficacy of bevacizumab on progression-free survival.
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patients. Second, the number of the patients included in our
study was small. Finally, because this is not a randomized study,
some confounders might exist. Hence, our findings should be
confirmed in another study including a larger number of patients.

In conclusion, we demonstrated that treatment with
bevacizumab in addition to commonly used chemotherapy
significantly prolonged the PFS of patients with recurrent EOC
in the real-world setting.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Institutional Review Board of Taichung Veterans
General Hospital. Written informed consent for participation
Frontiers in Oncology | www.frontiersin.org 7
was not required for this study in accordance with the national
legislation and the institutional requirements.
AUTHOR CONTRIBUTIONS

J-NH and C-HL were accountable for conception and design of
the study. J-NH, C-HL, S-TH, LS, S-FH, and C-KL performed
acquisition of data. J-NH, Y-HS, and J-SW performed the
statistical analysis. J-NH, Y-HS, C-HL, J-SW, and M-JC helped
interpret the results and wrote the original draft of the
manuscript. All authors were involved in the supervision and
revision of the manuscript. All authors contributed to the article
and approved the submitted version.
ACKNOWLEDGMENTS

The authors would like to thank the Biostatistics Task Force of
Taichung Veterans General Hospital and Taiwan society of
cancer registry for their assistance.
REFERENCES

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin
(2021) 71:209–49. doi: 10.3322/caac.21660

2. Parmar MKB, Ledermann JA, Colombo N, du Bois A, Delaloye J-F,
Kristensen GB, et al. Paclitaxel Plus Platinum-Based Chemotherapy Versus
Conventional Platinum-Based Chemotherapy in Women With Relapsed
Ovarian Cancer: The ICON4/AGO-OVAR-2.2 Trial. Lancet (2003)
361:2099–106. doi: 10.1016/S0140-6736(03)13718-X

3. Pfisterer J, Plante M, Vergote I, Du Bois A, Hirte H, Lacave AJ, et al.
Gemcitabine Plus Carboplatin Compared With Carboplatin in Patients
With Platinum-Sensitive Recurrent Ovarian Cancer: An Intergroup Trial of
the AGO-OVAR, the NCIC CTG, and the EORTC GCG. J Clin Oncol (2006)
24:4699–707. doi: 10.1200/JCO.2006.06.0913

4. Weng C-S, Wu C-C, Chen T-C, Chen J-R, Huang C-Y, Chang C-L.
Retrospective Analysis Of Comparative Outcomes In Recurrent Platinum-
Sensitive Ovarian Cancer Treated With Pegylated Liposomal Doxorubicin
(Lipo-Dox) And Carboplatin Versus Paclitaxel And Carboplatin. Cancer
Manag Res (2019) 11:9899–905. doi: 10.2147/CMAR.S217329

5. World Health Organization. Cancer Statistics. Who. (2018). Available at:
https://gco.iarc.fr/today/data/factsheets/cancers/25-Ovary-fact-sheet.pdf.

6. Perren TJ, Swart AM, Pfisterer J, Ledermann JA, Pujade-Lauraine E,
Kristensen G, et al. A Phase 3 Trial of Bevacizumab in Ovarian Cancer.
N Engl J Med (2011) 365:2484–96. doi: 10.1056/nejmoa1103799

7. Aghajanian C, Blank SV, Goff BA, Judson PL, Teneriello MG, Husain A,
et al. OCEANS: A Randomized, Double-Blind, Placebo-Controlled Phase
III Trial of Chemotherapy With or Without Bevacizumab in Patients With
Platinum-Sensitive Recurrent Epithelial Ovarian, Primary Peritoneal, or
Fallopian Tube Cancer. J Clin Oncol (2012) 30:2039–45. doi: 10.1200/
JCO.2012.42.0505

8. Burger RA, Brady MF, Bookman MA, Fleming GF, Monk BJ, Huang H,
et al. Incorporation of Bevacizumab in the Primary Treatment of Ovarian
Cancer. Obstet Gynecol Surv (2012) 67:289–90. doi : 10.1097/
OGX.0b013e3182547170

9. Pujade-Lauraine E, Hilpert F, Weber B, Reuss A, Poveda A, Kristensen G,
et al. Bevacizumab Combined With Chemotherapy for Platinum-Resistant
Recurrent Ovarian Cancer: The AURELIA Open-Label Randomized Phase III
Trial. J Clin Oncol (2014) 32:1302–8. doi: 10.1200/JCO.2013.51.4489
10. Officer CM. Roche’s Avastin (Bevacizumab) Plus Chemotherapy Receives FDA
Approval for Platinum-Sensitive Recurrent Ovarian Cancer (2016). Available
at: https://www.roche.com/media/releases/med-cor-2016-12-07.htm.

11. Fuh KC, Java JJ, Chan JK, Kapp DS, Monk BJ, Burger RA, et al. Differences in
Presentation and Survival of Asians Compared to Caucasians With Ovarian
Cancer: An NRG Oncology/GOG Ancillary Study of 7914 Patients. Gynecol
Oncol (2019) 154:420–5. doi: 10.1016/j.ygyno.2019.05.013

12. Chen W-C, Qiu JT, Lai C-H, Huang H-J, Lin C-T, Chen M-Y, et al. Outcomes
and Prognoses of Patients With Ovarian Cancer Using Bevacizumab: 6-Year
Experience in a Tertiary Care Hospital of Northern Taiwan. PloS One (2017)
12:e0175703. doi: 10.1371/journal.pone.0175703

13. National Health Insurance Administration Ministry of Health and Welfare-
About NHI. Available at: https://www.nhi.gov.tw/English/Content_List.aspx?
n=ED4A30E51A609E49&topn=ED4A30E51A609E49.

14. Coleman RL, Brady MF, Herzog TJ, Sabbatini P, Armstrong DK, Walker JL,
et al. Bevacizumab and Paclitaxel–Carboplatin Chemotherapy and Secondary
Cytoreduction in Recurrent, Platinum-Sensitive Ovarian Cancer (NRG
Oncology/Gynecologic Oncology Group Study GOG-0213): A Multicentre,
Open-Label, Randomised, Phase 3 Trial. Lancet Oncol (2017) 18:779–91.
doi: 10.1016/S1470-2045(17)30279-6

15. Pfisterer J, Shannon CM, Baumann K, Rau J, Harter P, Joly F, et al.
Bevacizumab and Platinum-Based Combinations for Recurrent Ovarian
Cancer: A Randomised, Open-Label, Phase 3 Trial. Lancet Oncol (2020)
21:699–709. doi: 10.1016/S1470-2045(20)30142-X

16. Ware JH, Hamel MB. Pragmatic Trials — Guides to Better Patient Care?
N Engl J Med (2011) 364:1685–7. doi: 10.1056/nejmp1103502

17. Wu P-Y, Cheng Y-M, Shen M-R, Chen Y-C, Huang Y-F, Chou C-Y. Real-
World Study of Adding Bevacizumab to Chemotherapy for Ovarian, Tubal,
and Peritoneal Cancer as Front-Line or Relapse Therapy (ROBOT): 8-Year
Experience. Front Oncol (2020) 10:1095. doi: 10.3389/fonc.2020.01095

18. Haunschild CE, Tewari KS. Bevacizumab Use in the Frontline, Maintenance
and Recurrent Settings for Ovarian Cancer. Futur Oncol (2020) 16:225–46.
doi: 10.2217/fon-2019-0042

19. Shi T, Zhu J, Feng Y, Tu D, Zhang Y, Zhang P, et al. Secondary Cytoreduction
Followed by Chemotherapy Versus Chemotherapy Alone in Platinum-
Sensitive Relapsed Ovarian Cancer (SOC-1): A Multicentre, Open-Label,
Randomised, Phase 3 Trial. Lancet Oncol (2021) 22:439–49. doi: 10.1016/
S1470-2045(21)00006-1

20. Kuroki L, Guntupalli SR. Treatment of Epithelial Ovarian Cancer. BMJ (2020)
371:1–20. doi: 10.1136/bmj.m3773
May 2022 | Volume 12 | Article 843278

https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/S0140-6736(03)13718-X
https://doi.org/10.1200/JCO.2006.06.0913
https://doi.org/10.2147/CMAR.S217329
https://gco.iarc.fr/today/data/factsheets/cancers/25-Ovary-fact-sheet.pdf
https://doi.org/10.1056/nejmoa1103799
https://doi.org/10.1200/JCO.2012.42.0505
https://doi.org/10.1200/JCO.2012.42.0505
https://doi.org/10.1097/OGX.0b013e3182547170
https://doi.org/10.1097/OGX.0b013e3182547170
https://doi.org/10.1200/JCO.2013.51.4489
https://www.roche.com/media/releases/med-cor-2016-12-07.htm
https://doi.org/10.1016/j.ygyno.2019.05.013
https://doi.org/10.1371/journal.pone.0175703
https://www.nhi.gov.tw/English/Content_List.aspx?n=ED4A30E51A609E49&topn=ED4A30E51A609E49
https://www.nhi.gov.tw/English/Content_List.aspx?n=ED4A30E51A609E49&topn=ED4A30E51A609E49
https://doi.org/10.1016/S1470-2045(17)30279-6
https://doi.org/10.1016/S1470-2045(20)30142-X
https://doi.org/10.1056/nejmp1103502
https://doi.org/10.3389/fonc.2020.01095
https://doi.org/10.2217/fon-2019-0042
https://doi.org/10.1016/S1470-2045(21)00006-1
https://doi.org/10.1016/S1470-2045(21)00006-1
https://doi.org/10.1136/bmj.m3773
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Hung et al. Bevacizumab for Recurrent Ovarian Cancer
21. Gallotta V, Bruno M, Conte C, Giudice MT, Davia F, Moro F, et al. Salvage
Lymphadenectomy in Recurrent Ovarian Cancer Patients: Analysis of Clinical
Outcome and BRCA1/2 Gene Mutational Status. Eur J Surg Oncol (2020) 46
(7):1327–33. doi: 10.1016/j.ejso.2020.01.035

22. Gallotta V, Conte C, D’Indinosante M, Capoluongo E, Minucci A, De Rose
AM, et al. Prognostic Factors Value of Germline and Somatic Brca in Patients
Undergoing Surgery for Recurrent Ovarian Cancer With Liver Metastases.
Eur J Surg Oncol (2019) 45(11):2096–102. doi: 10.1016/j.ejso.2019.06.023

23. Moss J, Murphy J, Filiaci V, Wenzel L, Minasian L, Temkin S. Disparities in
Health-Related Quality of Life in Women Undergoing Treatment for
Advanced Ovarian Cancer: The Role of Individual-Level and Contextual
Social Determinants. Support Care Cancer (2018) 27(2):531–8. doi: 10.1007/
s00520-018-4340-9

24. Baandrup L, Dehlendorff C, Hertzum-Larsen R, Hannibal C, Kjaer S.
Prognostic Impact of Socioeconomic Status on Long-Term Survival of Non-
Localized Epithelial Ovarian Cancer - The Extreme Study. Gynecol Oncol
(2021) 161(2):458–62. doi: 10.1016/j.ygyno.2021.01.042
Frontiers in Oncology | www.frontiersin.org 8
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Hung, Hsu, Sun, Hwang, Liu, Shih, Chen, Wang and Lu. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
May 2022 | Volume 12 | Article 843278

https://doi.org/10.1016/j.ejso.2020.01.035
https://doi.org/10.1016/j.ejso.2019.06.023
https://doi.org/10.1007/s00520-018-4340-9
https://doi.org/10.1007/s00520-018-4340-9
https://doi.org/10.1016/j.ygyno.2021.01.042
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Real-World Efficacy of Bevacizumab in Patients With Recurrent Epithelial Ovarian Cancer
	Introduction
	Materials and Methods
	Study Population and Data Collection
	Statistical Analysis

	Results
	Discussion
	Data Availability Statement
	Ethics Statement 
	Author Contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


