'." frontiers

in Pharmacology

ORIGINAL RESEARCH
published: 11 March 2021
doi: 10.3389/fphar.2021.487316

OPEN ACCESS

Edited by:

Nehad M Ayoub,

Jordan University of Science and
Technology, Jordan

Reviewed by:

Srinivas V' Koduru,

Penn State Milton S. Hershey Medical
Center, Hershey, PA, United States
Belal Al-Husein,

Jordan University of Science and
Technology, Jordan

*Correspondence:
Ovidiu Crisan
ovicrisan@umfcluj.ro

TThese authors have contributed
equally to this work and share first
authorship

Specialty section:

This article was submitted to
Pharmacology of Anti-Cancer Drugs,
a section of the journal

Frontiers in Pharmacology

Received: 25 July 2019
Accepted: 20 January 2021
Published: 11 March 2021

Citation:

Cainap C, Bochis O-V, Viad Ca&,
Popita R, Achimas-Cadariu P,

Havasi A, Vidrean A, Dranca A, Piciu A,
Constantin A-M, Tat T, Dana M,
Crisan O, Cioban CV, Balacescu O,
Coza O, Baldcescu L, Marta MM,
Bota M and Cainap S (2021) Doubling
the Dose of Bevacizumab Beyond
Progression in Metastatic Colorectal
Cancer-the Experience of a Tertiary
Cancer Center.

Front. Pharmacol. 12:487316.

doi: 10.3389/fohar.2021.487316

®

Check for
updates

Doubling the Dose of Bevacizumab
Beyond Progression in Metastatic
Colorectal Cancer-the Experience of a
Tertiary Cancer Center

Cdlin Cdinap ™2, Ovidiu-Vasile Bochis'", Cétdlin Vlad"?", Raluca Popita ",

Patriciu Achimas-Cadariu ™%, Andrei Havasi', Andreea Vidrean’, Alexandra Dranca’,
Andra Piciu’?, Anne-Marie Constantin*!, Tiberiu Tat"*", Maniu Dana®’, Ovidiu Crisan”,
Cosmin Vasile Cioban®!, Ovidiu Baldcescu'®, Ovidiu Coza"?!, Loredana Béldcescu,
Monica Mihaela Marta®!, Madalina Bota'°f and Simona Cdinap "°

"“Prof Dr lon Chiricuta” Institute of Oncology, Cluj-Napoca, Romania, “Department of Oncology, “luliu Hatieganu” University of
Medicine and Pharmacy, Cluj-Napoca, Romania, Department of Surgical Specialities, “luliu Hatieganu” University of Medicine
and Pharmacy, Cluj-Napoca, Romania, *Department of Morphological Sciences, “luliu Hatieganu” University of Medicine and
Pharmacy, Cluj-Napoca, Romania, °Department of Anesthesia and Intensive Care I, “luliu Hatieganu” University of Medicine and
Pharmacy, Cluj-Napoca, Romania, ®Faculty of Physics, Babes-Bolyai University, Cluj-Napoca, Romania, “Faculty of Pharmacy,
“luliu Hatieganu” University of Medicine and Pharmacy, Cluj-Napoca, Romania, ®Faculty of Dental Medicine, “luliu Hatieganu”
University of Medicine and Pharmacy, Cluj-Napoca, Romania, °Department of Medical Education, “luliu Hatieganu” University of
Medicine and Pharmacy, Cluj-Napoca, Romania, "°Department of Mother and Child, “luliu Hatieganu” University of Medicine and
Pharmacy, Cluj-Napoca, Romania

Background: Colorectal cancer (CRC) is the third most commmon cancer in Europe, with
an annual increase in incidence ranging between 0.4 and 3.6% in various countries.
Although the development of CRC was extensively studied, limited number of new
therapies were developed in the last few years. Bevacizumab is frequently used as
first- and second-line therapy for management of metastatic CRC (mCRC). The aim of
this study is to present our experience with using bevacizumab beyond disease
progression at different dosage levels in mCRC patients, in terms of overall survival,
progression-free survival, time to treatment failure, and toxicities.

Methods: We performed a consecutive retrospective analysis of patients with confirmed
mCRC who were treated with bevacizumalb at "Prof Dr. lon Chiricuta" Institute of Oncology,
Cluj-Napoca, Romania. We included patients who had received bevacizumab as first- or
second-line therapy and further stratified them according to the dose administered as a
second-line (either standard dose of 5 mg/kg every 2 weeks or 7.5 mg/kg every 3 weeks, or
double dose of 10mg/kg every 2 weeks or 15 mg/kg every 3 weeks—depending on the
classical chemotherapy partner). All patients had received bevacizumab beyond progression
(BYP) which is defined as continuing bevacizumab administration through second-line
treatment despite disease progression. In each group, we evaluated the prognostic
factors that influenced survival and treatment outcome.

Results: One hundred and fifty-one (151) patients were included in the study. Themedian
age of patients receiving double dose bevacizumab (DDB) and standard dose
bevacizumab (SDB) was 58years (range 41-71) and 57years (range 19-75),
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respectively. The median overall survival in the DDB group was 41 months (range 27-49)
compared to 25 months (range 23-29) in the SDB group (p = 0.01 log-rank test). First-line
oxaliplatin-based treatment was used more frequently regardless of group, while
irinotecan-based more frequently used as a second-line treatment (o = 0.014). Both
oxaliplatin- and irinotecan-based regimens were found to be suitable partners for BYP.
Statistical analysis revealed that dose intensity, primary tumor location, and cumulative
exposure to BYP had significant influence on survival.

Conclusion: Doubling the dose of bevacizumab after first progression may improve
survival in mCRC patients. Increasing bevacizumab dose intensity could override the
prognostic impact of primary tumor location in patients receiving double the dose of

bevacizumab after first disease progression.

Keywords: colorectal, cancer, progression, bevacizumab, metastasis, double dose

INTRODUCTION

According to the latestdata released by GLOBOCAN in 2018,
colorectal cancer (CRC) is one of the most common types of cancer
worldwide, being the third most frequent and the second most fatal
malignancy (Ferlay et al., 2018). In Europe, CRC is the third most
common cancer, with the highest incidence rates registered in
countries such as Hungary, Slovenia, Slovakia, Norway, and the
Netherlands (Ferlay et al., 2018). In Romania, CRC is the second
most frequent malignancy after lung cancer in both genders, with a
rapidly increasing incidence (Ferlay et al, 2018). The annual
increase in incidence in the different European countries ranges
from 0.4 to 3.6%.According to the latest reports, the age of disease
onset appears to be decreasing. Vuik et al. analyzed the incidence of
CRC in the last 25 years in Europe, and revealed an increase in the
incidence of the disease among adults aged 20-49 years of age,
compared with initial data which showed a predisposition for CRC
starting with fifth decade (Vuik et al., 2019).

Since CRC treatment can be curative in the localized and
locoregional disease, early diagnosis through national screening
programs is essential. However, up to 44% of patients with loco
regional disease will develop metastases despite treatment (Bray
et al., 2018). In such relapsed cases, as well as in the 20% of CRC
patients presenting with metastasis at diagnosis (Edwards et al.,
2014), overall survival (OS) can exceed 30 months in fit patients
who benefit fromthe triple-agent chemotherapy regimen
(FOLFOXIRI) combined with targeted therapy (Qiu et al., 2015).

Despite the discoveries made in the last few years and the
research conducted in order to highlight the mechanisms of CRC
pathogenesis, the processes that allow cancer cells to migrate,
invade and metastasize to other parts of the body have not yet
been fully described (Esin and Yalcin, 2016; Coyle et al., 2017).

Although genomic instability—microsatellite instability (MSI),
chromosomal instability (CIN), and CpG island methylator
phenotype (CIMP) are known to contribute to the development of
CRC (Hong, 2018), a limited number of new therapies for metastatic
CRC (mCRC) patients have been developed in the last few years.
Therapeutic options currently available to treat mCRC include the
classical chemotherapy backbone-fluoropyrimidine with oxaliplatin
or irinotecan, combined with either an anti-angiogenic agent,

or anti-epidermal growth factor receptor (EGFR) antibodies. There
are several classesof drugs which target malignant angiogenesis,
such as anti-vascular endothelial growth factor (VEGF) antibodies,
proteins with binding portions for the extracellular domains of
human VEGF receptors 1 and 2, which will retain tumor-released
VEGF (a VEGF trap: aflibercept, for example), or protein kinase
inhibitors which target angiogenic, stromal and oncogenic receptor
tyrosine kinase (RTK) (Stivarga, 2020; Zaltrap, 2020). While anti-
EGFR antibodies are used exclusively for mCRC patients with
wild-type RAS, anti-angiogenic drugs can be of benefit in all
patients regardless of RAS status.Bevacizumab (anti-VEGF
antibody) is frequently used as first-orsecond-line therapy for
the management of mCRC. Beyond the first progression of the
disease, standard dose bevacizumab (SDB) or double dose
bevacizumab (DDB) can be administered (Avastin, 2020). New
target drugs have been approved for use in patients with mCRC
such as immunotherapy like pembrolizumab-approved in MSI-
high mCRC patientsas well asunresectable or metastatic solid
tumors with MSI-H ordeficient mismatch repair (dMMR).
BRAF inhibitors—dabrafenib and MEK inhibitors for mCRC
BRAF mutant are still under investigations (Al-Husein et al.,
2012; Cutsem et al, 2016; Kuramochi et al, 2017; Keytruda,
2020). Human epidermal growth factor receptor (HER2)
amplification seems to be a valuable new target in mCRC.
Despite its prevalence of 2% in the general population of
mCRC patients, it seems to be linked to primary resistance to
anti-EGFR agents (Dienstmann et al., 2018). Although phase III
trials are not available, the response rate to anti-HER2 agents
reached 38% in the MyPathway study (Dienstmann et al., 2018).
The aim of this study is to present our experience with using
bevacizumab beyond disease progression at different dosage
levels in mCRC patients, in terms of OS, progression-free
survival (PFS), time to treatment failure (TTF), and toxicities.

MATERIALS AND METHODS
Study Population

This study was conducted to generate data from a tertiary care
center of excellence in the treatment of mCRC in Romania. We
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TABLE 1 | Chemotherapy used in combination with bevacizumab in first and second-line therapy.

Type of chemotherapy Drug

FOLFOX4 5-FU
5-FU
Leucovorin
Oxaliplatin
FOLFIRI 5-FU
5-FU
Leucovorin
Irinotecan
Capecitabine
Oxaliplatin
Capecitabine
Irinotecan
Bevacizumab + FOLFOX4 or FOLFIRI
Bevacizumab + CAPEOX or CAPIRI
Bevacizumab + FOLFOX4 or FOLFIRI
Bevacizumab + CAPEOX or CAPIRI

CAPEOX
CAPIRI

Bevacizumab standard dose (SDB)
Bevacizumab standard dose (SDB)
Bevacizumab double dose (DDB)
Bevacizumab double dose (DDB)

5FU, 5 fluorouracil; m?-square meter; mg-milligram, kg-kilogram.

present the treatment strategies, prognostic factors, and survival
data of them CRC patients treated between 2009 and 2017 outside
of a clinical trial. This study retrospectively included mCRC patients
who used bevacizumab as first-line and second-line treatment. Two
treatment options are used in our cancer center in which the first is
to continue SDB and the other is to consider DDB through second-
line treatment. Hence, mCRC patients in this study were classified
according to the dose of bevacizumab administered beyond
progression. Bevacizumab beyond progression (BYP) was
defined as the continuation of bevacizumab treatment in the
second-line of systemic therapy despite disease progression
proven through imaging techniques. SDB implies that patients
continued the same dose of bevacizumab (5 mg/kg every 2 weeks
or 7.5 mg/kg every 3 weeks) administered as first-line treatment,
while DDB indicates doubling the dose of bevacizumab (10 mg/kg/
every 2 weeks or 15 mg/kg every 3 weeks). The decision to maintain
SDB or switch to DDB through the second-line treatment was made
by oncologists based on bevacizumab toxicity and tolerance through
the first-line treatment phase. The study was approved by the Ethics
Committee of “Prof.Dr. Ion Chiricuta” Institute of Oncology,Cluj-
Napoca,Romania through decision No 42/8 December 2015.

The inclusion criteria were: age of 18years or older,
histologically confirmed diagnosis of CRC, lab tests adequate for
chemotherapy and no medical contraindication to chemotherapy,
at least one metastatic site, Eastern Cooperative Oncology Group
(ECOG) performance status of 0-2, bevacizumab administration
in first and second-line treatment, adequate follow-up (at least
monthly clinical checkup and CT-scan every 3-4 months).

The exclusion criteria were: previous administration of
chemotherapy for the metastatic stage, uncontrolled comorbidities,
poor performance status (ECOG >3), inadequate labtests,
hypersensitivity to the active substance, heart failure (NYHA
grade >2), uncontrolled hypertension, acute myocardial infarction
(within 6 months prior to start chemotherapy) and pregnancy.

According to the literature, the benefit of systemic treatment
in mCRC is controversial especially in patients with poor ECOG
performance status, with no survival advantage over the best

Dose Cycle length

400 mg/m? bolus in 15 min day 1 + 2
600 mg/m? continuous perfusion over 22 h day 1 + 2
400 mg/m?in2hday 1+ 2
85 mg/m?in 2 h day 1
400 mg/m? bolus in 15 min day 1 + 2
600 mg/m2 continuous perfusion over 22 h day 1 + 2
400 mg/m?in2hday 1+ 2
180 mg/m? day 1
2,000 mg/m? days 1-14
130 mg/m? in 2 h day 1
2,000 mg/m? days 1-14
240 mg/m? day 1

14 days

14 days

21 days

21 days

5 mg/kg Every 2 weeks
7.5 mg/kg Every 3 weeks
10 mg/kg Every 2 weeks
15 mg/kg Every 3 weeks

supportive care (Crosara Teixeira et al., 2015). Therefore, patients
with poor performance status were excluded from this study.

Chemotherapy Regimens and Follow-up
The chemotherapeutic regimens used in this study were
consistent with international guidelines: capecitabine-based
(CAPEOX/XELOX or CAPIRI/XELIRI) 3 weeks regimen or 5-
fluorouracil-based (FOLFOX4 or FOLFIRI) 2 weeks regimen, at
the dosages displayed in Table 1. Dose modifications during
treatment were allowed according to guideline recommendations
(Cutsem et al., 2016; Messersmith, 2019).

After first-line chemotherapy, most patients underwent
maintenance therapy with a reduction in chemotherapy
intensity until disease progression or surgical resection. The
same standard or double dose bevacizumab was continued
beyond disease progression in combination with a different
chemotherapy partner. All patients were assessed by CT scan
according to RECIST 1.1 (Eisenhauer et al., 2009).

Statistical Analysis

For statistical analysis purposes, we defined overall survival (OS)
as the period of time between the first cycle of chemotherapy and
death, time to treatment failure (TTF) as the period of time
between the first and the last cycle of bevacizumab chemotherapy,
progression-free survival after first-line therapy (PFS1) as the
time between the first and the last cycle of first-line chemotherapy
and progression-free survival during second-line therapy (PFS2)
as the time between the first and the last cycle of second-line
chemotherapy. These definitions were similar to those in the
Simkens CAIRO3 trial with TTF corresponding to the time to
second progression (Simkens et al., 2015). We also defined PFS
during second-line of therapy in the DDB group.

The main characteristics of the studied population were
analyzed using Microsoft Excel 2010, followed by Chi-square
test for association. For data reported as mean + SD, p-values
were calculated with #-test. Survival analyses were performed using
R version 3.51 [R Core Team (2018). R: A language and
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TABLE 2 | Baseline characteristics of mCRC patients in SDB (V
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=111) and DDB (N = 40) groups.

SDB DDB p-value
Age (years) Under 65 8 (79.3%) 35 (87.5%) 0.25
Over 65 3 (20.7%) 5 (12.5%)
Gender Male 2 (58.9%) 24 (60.0%) 0.65
Female 49 (44.1%) 16 (40.0%)
BMI*(kg/mZ) 2517 + 4.47 (14.19-36.51) 27.78 + 5.03 (19.59-42.24) 0.01
Primary tumor Left-sided 35 (23.17) 0.25
Right-sided 116 (76.82%)
Metastasis site Liver 1 (58.0%) 30 (62.5%) 0.98
Lung 9 (12.1%) 6 (12.5%)
Peritoneum 5 (15.9%) 6 (12.5%)
Lymph nodes 6 (3.8%) 2 (4.2%)
Bone 6 (3.8%) 1(2.1%)
Other* 10 (6.4%) 3 (6.3%)
Metastasis—organs involved 1 78 (70.3%) 32 (80.0%) 0.24
>1 33 (29.7%) 8 (20.0%)
First-line chemotherapy Oxaliplatin-based 1 (73.0%) 9 (22.5%) <0.01
Irinotecan-based 0 (27.0%) 30 (75.0%)
Second-line chemotherapy Oxaliplatin -based 33 (29.7%) 20 (50%) 0.01
Irinotecan-based 78 (70.3%) 19 (47.5%)
RAS Mutant 1(9.9%) 6 (15%) 0.06
Wild type 32 (28.8%) 5 (12.5%)
Not available 68 (61.3%) 29 (72.5%)
T Stage 1 0 (0%) 1 (2.5%) <0.01
2 3 (2.7%) 1 (2.5%)
3 58 (52.3%) 27 (67.5%)
4 34 (30.6) 7 (17.5%)
Not available 16 (14.4%) 4 (10%)
N stage 0 8 (7.2%) 6 (15.0%) 0.39
1 9 (26.1%) 13 (32.5%)
2 8 (43.2%) 16 (40.0%)
Not available 6 (23.4%) 5 (12.5%)
M Stage o+ 5 (31.5%) 14 (35%) 0.72
1 72 (64.9%) 25 (62.5%)
Not available 4 (2.5%) 1(2.5%)

SDB: standard dose bevacizumab, DDB: double dose bevacizumab,; BMI: body mass index; data are n (%); p-value was calculated with Chi-test.
*data are mean + SD (range) and p-value was calculated with t-test; all tests were conducted at 0.05 level of significance. Bold the significant p value when we have multiple values.

**subcutaneous, ovaries.***MO-stage at initial diagnostic.

environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URLhttp://www.R-project.org/.] in
multiple steps. First, we used the Kaplan-Meier method to obtain
survival curves. Second, we compared them using the log-rank test.
Finally, we used Cox regression to generate Hazard Ratios (HRs)
and corresponding 95% Confidence Intervals (CIs). The calculated
p-values were two-sided, and p-values less than 0.05 were
considered statistically significant. The Pearson correlation
coefficients as well as the corresponding p-values were
determined using Pearson correlation test, in Microsoft Excel 2010.

RESULTS

Patient Characteristics

In a retrospective analysis of mCRC patients treated with
chemotherapy in our institute between 2009 and 2017, we
identified 162 patients who met the main inclusion criteria. Out
of these, 151 met the criteria for “beyond progression”, while 11 were
treated with bevacizumab through multiple lines or beyond the third-
line of chemotherapy and therefore were excluded from the analysis.

First-line oxaliplatin-based chemotherapy was more frequently
used than irinotecan-based therapy in the SDB group compared
with the DDB group (p < 0.001), while irinotecan was more
frequently used in the second-line after disease progression (p =
0.014) (Table 2). The median age was 57 years (range 19-75) in the
SDB group and 58 in the DDB group (range 41-71), while
approximately 80% of patients were under the age of 65 in both
groups. The primary tumor was in the right side of the colon in
76.8% of cases. The liver, peritoneum and lungs were the most
common metastatic sites in both the SDB and DDB groups. About
27.2% of patients had more than one metastatic site. No significant
differences were noted between SDB and DDB patients regarding
site and number of metastases. More male patients had left-sided
cancer compared to female patients. Mean body mass index (BMI)
was significantly higher in the DDB group compared to patients
receiving SDB (p = 0.01). Regarding the RAS status, a reasonable
proportion of patients did not have data; however no significant
differences were observed between the SDB and DDB groups.

The median values of OS, TTF, PES1, and PFS2 were
significantly higher in the DDB group compared with the SDB
group (Table 3).
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TABLE 3 | Median of OS, PFS, and TTF based on bevacizumab dose.

Endpoint SDB DDB p-value
0s 25 (23-29) 41 (27-49) 0.01
TTF 19 (16-22) 24 (21-35) 0.01
PFS1 12 (11-14) 17 (156-22) 0.01
PFS2 5 (4-6) 9 (6-12) 0.03

SDB: standard dose bevacizumab, DDB: double dose bevacizumab, OS: overall survival,
TTF: time to treatment failure, PFS1: progression-free survival during first-line treatment,
PFS2: progression-free survival during second-line treatment; data are median
(interquartile range) in months; p-values were calculated with log-rank test at 0.05 level of
significance. p value statistical significant.

Doubling the Dose of Bevacizumab in mCRC

First and Second-line Chemotherapy

Backbone

We investigated the role of first and second-line chemotherapy
partners for bevacizumab to improve our understanding for the
impact of chemotherapy in mCRC patients.

When comparing the groups regarding the type of standard
chemotherapy regimens (irinotecan vs. oxaliplatin backbone) in
first- or second-line treatment, a trend toward a greater OS, TTF,
PES1, and PFS2 was observed for irinotecan-based regimens
compared to oxaliplatin-based chemotherapy in both groups,

TABLE 4 | Bevacizumab toxicity in SDB and DDB groups.

Type of toxicity

Proteinuria Grade 1
Grade 2
Grade 3
Any grade

Hypertension Grade 2
Grade 3
Any grade

Thromboembolic events Grade 2
Grade 3
Any grade

Fistula

Bleeding Grade 2
Grade 3
Any grade

Cardiopathy

Number of patients
days delay*

Treatment delay

DDB-number of patients
(% from total number-40)

7 (17.5%)
4 (10%)
3 (7.5%)

14 (35.0%)
1 (2.5%)
7 (17.5%)
8 (20%)
1 (2.5%)
1 (2.5%)
2 (5%)
1 (2.5%)
1 (2.5%)
1 (2.5%)
2 (5%)
1 (2.5%)

85.33 + 49.92 (30-127)

SDB- number of patients p-value
(% from total number-111)
10 (9%) 0.69
3 (2.7%)
5 (4.5%)
18 (16.2%) 0.01
10 (9%) 0.04
8 (7.2%)
18 (16.2%) 0.29
3 (2.7%) 0.17
0 (0%)
3 (2.7%) 0.65
1(0.9%) 1.0
3 (2.7%) 1.0
3 (2.7%)
6 (5.4%) 0.92
5 (4.5%) 0.10
3 (7.5%) 7 (6.3%) 0.47

69.57 + 121.45 (8-340)

DDB: double dose bevacizumab; SDB: standard dose bevacizumab; data are n (%); p-values were calculated with x2test
*data are mean + SD (range) and p-value was calculated with t-test; all tests were conducted at 0.05 level of significance. Bold the significant p value when we have multiple values.

Bevacizumab Toxicity
Regarding toxicity of bevacizumab, hypertension and

proteinuria were more frequent in the DDB compared to the
SD Bgroup. Of those, only proteinuria and hypertension grade 3
reached statistical significance (Table 4). These differences did
not lead to significant treatment delays between the SDB and
DDB groups.

Survival curves were constructed for OS, TTF, PFS1, and PFS2
according to primary tumor location (data not shown) and the
corresponding medians and HR were determined. Statistically
significant differences were obtained for OS only with a higher
median survival for left-sided vs. right-sided tumors: 29 months
(IQR: 25-37) vs. 22 months (IQR: 18-30), respectively, (p = 0.01).

In the group of patients having received DDB after first
progression, no differences between left- and right-sided
mCRC were observed in terms of OS, PFS1, PFS2, and TTF.

Patients receiving SDB had significantly improved OS and
PES2 for left-sided mCRC compared to right-sided disease
(Table 5). However, TTF and PFS1 were not significantly
different between left- and right-sided tumors in patients
receiving SDB in second-line treatment.

TABLE 5 | Characteristics of OS, TTF, and PFS depending on primary tumor
location in the DDB and SDB groups.

Item Left-sided* Right-sided* HR (Cl 95%) p-value
DDB

0s 46 (35-56) 27 (21-41) 0.57 (0.26-1.24) 0.15
TTF 31 (22-39) 21 (17-28) 0.60 (0.28-1.27) 0.18
PFS1 16 (14-27) 16 (11-20) 0.73 (0.36-1.49) 0.39
PFS2 9 (7-14) 5 (3-10) 0.48 (0.22-1.03) 0.06
SDB

oS 27 (24-35) 12 (13-32) 0.54 (0.33-0.88) 0.01
TTF 19 (16-293) 15 (11-23) 0.99 (0.41-1.08) 0.10
PFS1 12 (11-14) 10 (7-17) 0.84 (0.53-1.33) 0.45
PFS2 6 (5-8) 4 (3-6) 0.55 (0.33-0.9) 0.02

OS: overall survival, TTF: time to treatment failure, PFS1: progression-free survival during
first-line treatment, PFS2: progression-free survival during second-line treatment, DDB:
double dose bevacizumab, SDB: standard dose bevacizumab;, p-values were calculated
with log-rank test; HR < 1 means better results in left -sided than in right-sided cases
*all values are displayed as medians (interquartile range) in months. Bold the significant
p value when we have multiple values.

however these differences did not reach statistical significance
(Table 6).
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TABLE 6 | Median of OS, TTF, and PFS based on type of chemotherapy in the
SDB and DDB groups.

Irinotecan-based* Oxaliplatin-based* p-value
DDB 0s 43.5 (30-35) 27 (18-44) 0.06
SDB 25 (22-36) 25 (23-30) 0.50
DDB TTF 25 (21-36) 24 (17-35) 0.60
SDB 21 (16-30) 16 (15-22) 0.30
DDB PFS1 16 (14-28) 14 (9-19) 0.07
SDB 13 (12-18) 12 (9-13) 0.30
DDB PFS2 9 (6-19) 8 (6-12) 0.30
SDB 5 (4-6) 6 (4-9) 0.70

OS: overall survival, TTF: time to treatment failure, PFS1: progression-free survival during
first-line treatment, PFS2: progression-free survival during second-line treatment, DDB:
double dose bevacizumab, SDB: standard dose bevacizumab; p-values were calculated
with log-rank test

*data are median (interquartile range) in months.

Doubling the Dose of Bevacizumab in mCRC

outcomes and the total dose of bevacizumab administered
(p < 0.001). TTF was positively and strongly correlated with
total bevacizumab dose, while OS, PES1, and PFS2 were
moderately correlated with total bevacizumab dose, with a
tendency toward strong positive correlation in the case of
PES1 in SDB group (Table 9).

Subgroup Analysis of Overall Survival

Male gender, age below 65 and an irinotecan-based
chemotherapy regimen in first-line were significantly linked to
survival advantage among mCRC patients (Table 10).

Was OS Influenced by PFS1 or PFS2?

As shown in Table 11, OS was significantly and positively
correlated with each of TTF, PFS1, and PFS2 among all

TABLE 7 | Correlation between treatment outcomes and delayed initiation of bevacizumab in first-line treatment in DDB and SDB groups.

0s DDB
TTF

PFS1

PFS2

0s SDB
TTF

PFS1

PFS2

Delayed bevacizumabinitiation-in months

r p-value
-0.31 0.052
-0.51 <0.01
-0.43 <0.01
-0.39 0.01
-0.19 0.04
-0.41 <0.01
-0.42 <0.01
-0.17 0.07

OS: overall survival, TTF: time to tratment failure, PFS1: progression-free survival during first-line treatment, PFS2: progression-free survival during second-line treatment, DDB: double
dose bevacizumab, SDB: standard dose bevacizumab, p-value <0.05 indicate statistical significance of Pearson’s correlation coefficients (r). Bold the significant p value when we have

multiple values.

Timing of Bevacizumab Initiation
We investigated the time of initiation of bevacizumab treatment

in terms of months of delay of treatment to see whether it explains
the differences in OS, TTF, PFS1, and PFS2 between the DDB and
SDB groups; for instance, whether PFS1 could be statistically
linked to the initiation of bevacizumab. According to guidelines,
bevacizumab must be administrated from the first cycle of
systemic treatment, without any delays.

PFS1 and TTF were negatively and significantly correlated
with delayed bevacizumab initiation in both the DDB and SDB
groups of patients (p < 0.01). As shown in Table 7, this
correlation was moderate.

Bevacizumab dose Intensity
The analysis of bevacizumab dose intensity revealed significant
differences in both first and second-line therapy between the
DDB and SDB groups. These differences remained also
significant for the overall treatment (first and second-line)
(Table 8).

The Pearson correlation analysis between the total dose of
bevacizumab and survival rates is detailed in Table 9.

As seen in Table 9, both groups (DDB and SDB) had
significantly positive correlations between all the treatment

mCRC patients and each of DDB and SDB patient groups
(p < 0.001). These correlations were moderate to strong
according to the Pearson’s correlation analysis.

DISCUSSION

Primary Tumor Location
Primary tumor location (PTL) is one of the most important
prognostic factors for mCRC. Survival after recurrence was
significantly longer in left-sided compared with right-sided
colon cancer patients (Cutsem et al., 2016). In first-line
treatment with oxaliplatin, fluoropyrimidine and bevacizumab,
the laterality of the primary tumor was less important in the
maintenance phase of first-line therapy (Jordan et al., 2018).
However, PTL remains a significant prognostic factor for second
and further lines of treatment (Hegewisch-Becker et al., 2018).
Surprisingly, in our DDB group of patients, no statistically
significant differences in terms of OS, TTF, PFS1, and PFS2 in
relation with PTL were noted. These results suggest that doubling
the dose of bevacizumab overrides the prognostic differences in
mCRC according to tumor location. Increasing the dose of
bevacizumab could equalize the chance of response to
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TABLE 8 | Mean bevacizumab dose intensity in the DDB and SDB patient groups.

First-line Bev-DI (mg/kg/week)

DDB 1.84 + 0.56 (0.47-3.22)
SDB 1.50 + 0.64 (0.23-3.06)
p value 0.004

Second-line Bev-DI (mg/kg/week)

Doubling the Dose of Bevacizumab in mCRC

Total Bev-DI (mg/kg/week)

4.49 + 2.31 (0.66-12.08)
2.47 + 1.05 (0.36-7.74)
<0.001

2.68 + 1.18 (1.23-7.26)
1.74 + 0.52 (0.59-2.97)
<0.001

Bev-DI: bevacizumab dose intensity; DDB: double dose bevacizumab, SDB: standard dose bevacizumab; p-values were calculated with t-test; data are mean + SD (range). p value

statistical significant.

TABLE 9 | Correlation between treatment outcomes and total bevacizumab dose.

Outcome variable Bevacizumab total dose

r p-value
0s DDB 0.67 <0.001
TTF 0.77 <0.001
PFS1 0.61 <0.001
PFS2 0.64 <0.001
0os SDB 0.60 <0.001
TTF 0.80 <0.001
PFS1 0.75 <0.001
PFS2 0.47 <0.001
0os All 0.59 <0.001
TTF 0.77 <0.001
PFS1 0.68 <0.001
PFS2 0.54 <0.001

OS: overall survival, TTF: time to treatment failure, PFS1: progression-free survival during
first-line therapy, PFS2: progression-free survival during second-line therapy, DDB:
double dose bevacizumab, SDB: standard dose bevacizumab

“all corresponding p-value are lower than 0.001.

TABLE 10 | Subgroup analysis of overall survival hazard ratios.

N HR 95% CI p-value

All 151 0.62 0.42-0.91 0.02
Gender

Male 86 0.53 0.31-0.90 0.02

Female 65 0.65 0.35-1.18 0.16
Age (years)

<65 123 0.60 0.39-0.91 0.02

>65 28 0.66 0.22-1.97 0.45
First-line chemotherapy
Oxaliplatin-based 89 0.87 0.40-1.90 0.73
Irinotecan-based 56 0.49 0.27-0.88 0.02
PFS1(months)

<12 76 0.58 0.31-1.08 0.09

PFS1: progression-free survival after first-line therapy, HR: hazard ratio; Cl: confidence
interval; p-values were calculated with log-rank test; A hazard ratio< 1 indicate better
treatment in double dose bevacizumab group vs. standard dose bevacizumab group.
Bold the significant p value when we have multiple values.

systemic treatment and control of the disease for left-sided and
right-sided mCRC patients. However, considering the PTL role in
CRC prognosis, Boeckx et al. showed that patients with RAS wild-
type left-sided mCRC had a better OS than right-sided disease,
regardless of treatment received (Boeckx et al., 2018). In line with
this, in a study including 754 patients with first-line therapy of
bevacizumab and oxaliplatin backbone regimen, Hegewisch-
Becker et al. found significantly better survival in left-sided

TABLE 11 | Correlation between OS and each of PFS and TTF in SDB and DDB
groups.

Outcome variable Overall survival (OS)

r p-value
PFS1 DDB 0.60 <0.001
PFS2 0.47 <0.001
TTF 0.69 <0.001
PFS1 SDB 0.65 <0.001
PFS2 0.56 <0.001
TTF 0.75 <0.001
PFS1 All 0.65 <0.001
PFS2 0.55 <0.001
TTF 0.75 <0.001

OS: overall survival, TTF: time to treatment failure, PFS1: progression-free survival during
first-line therapy, PFS2: progression-free survival during second-line therapy, SDB:
standard dose bevacizumab, DDB: double dose bevacizumab.

CRC patients (median survival 24.8 months) compared with
right-sided patients (18.4 months), with PTL being the most
powerful prognostic factor in multivariate analysis (Hegewisch
Becker et al., 2018).

First and Second-line Chemotherapy

Backbone Associated With Bevacizumab
The ESMO guidelines recommend the combination of a standard
chemotherapy regimen (irinotecan or oxaliplatin-based) with
either anti-VEGF or anti-EGFR therapy in the first and
second-line treatment in mCRC patients (Schmoll et al., 2012).
The NCCN guidelines recommend bevacizumab in first-line
therapy in associations with classical chemotherapy regimens
but with modest effect on OS, especially when added to
oxaliplatin (Messersmith, 2019).

In our study, both chemotherapy regimens-oxaliplatin or
irinotecan backbone were equally effective in combination with
bevacizumab, as no significant differences were seen between the
DDB and SDB groups. The first-line chemotherapy regimen with
oxaliplatin backbone was more frequently used in the SDB group
compared with DDB in first-line (p < 0.001) while irinotecan was
more frequently used in the first-line for DDB patients (p = 0.014).
Similar with our data, two previous studies conducted by Bendell
etal. in ARIES study, on 1,550 patients, and Yamazaki et al. on 395
patients, treated in the first-line with FOLFIRI or FOLFOX
combined with bevacizumab, retrieved equivalent OS, PFS or
rate of response between arms (Bendell et al.,, 2012; Yamazaki
etal,, 2014). Moreover, van Cutsem et al. showed similar efficacy of
FOLFOX, FOLFIRI or XELOX combined with bevacizumab in the
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first-line in the BEAT study on 1914 patients (Van Cutsem et al,
2009). Premature discontinuation of oxaliplatin-based treatment as
defined by protocol design altered HR of PFS from 0.63 to 0.83 (Ilic
et al, 2016). The main concerns with oxaliplatin-based
chemotherapy are its cumulative and slowly reversible
neurotoxicity as well as the allergic reactions associated with
this regimen (Cetean et al., 2015).

When regimens were compared, the irinotecan-based one
seemed to be slightly superior. Ilic et al. and Baraniskin et al.
confirmed the advantage of wusing bevacizumab with
chemotherapy (Ilic et al., 2016; Baraniskin et al., 2019).

Bevacizumab dose Intensity and its use

Beyond Progression
In clinical practice, according to the European guideline (ESMO) as
well as NCCN guideline, a complete genetic characterization of the
tumor (all RAS type) and imaging evaluation are required before
choosing a systemic regimen for a particular patient (Cutsem et al.,
2016; Messersmith, 2019; Veld et al., 2019). The NCCN guidelines
draw attention to the existence of preclinical data suggesting a
possible rebound effect after bevacizumab cessation (Veld et al.,
2019). Our data revealed lower bevacizumab dose intensity in the
first but not in the second-line for SDB. The same effect was also
recorded for DDB, with an explicable doubling of the intensity in
the second-line. The explanation of these facts resides in the
administrative constraints existing in our country. In Romania,
for more than a decade the national insurance reimbursed the cost
of bevacizumab only after a centralized approval. This fact was
responsible for widespread and sometimes prolonged delays in
optimal bevacizumab administration in the first-line, which were
less encountered in second-line administration. We found no
significant difference in first-line delays between the SDB and
DDB groups. However, our analysis did show significantly negative
correlations between PFS1, TTF, and delayed bevacizumab
initiation in both the SDB and DDB groups (p < 0.01). In DDB
group, PFS2 was moderately and negatively correlated with time of
bevacizumab delay, while OS was weakly, yet significantly and
negatively correlated with delayed bevacizumab administration in
the SDB group. Contrary to first-line administration of
bevacizumab in our patients, in the second-line we did not
observe  significant delays in  bevacizumab start of
administration. Moreover, the dose of bevacizumab was doubled
after disease progression in the DDB group with practical aim to
overcome tumor resistance which was translated into a prolonged
PES2 for DDB patients compared to SDB. Whether first-line delay
of bevacizumab administration could influence PFS2-it must be
interpreted with caution, due to the retrospective nature of our
analysis with possible bias in patient recruitment and inclusion
process. Differences in dose intensity in the first-line treatment
may raise questions regarding an excess of bevacizumab or classic
chemotherapy partner toxicity in the first-line for the SDB group.
One of the first clinical trials to address the question whether
bevacizumab should be continued after disease progression was the
ML 18147 phase III trial (Bennouna et al., 2013). The trial was
positive in terms of OS, considering the same dose of bevacizumab
as in the first-line (2.5 mg/kg body/week). Moreover, in the BRiTE
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study, Grothey et al. defined “bevacizumab beyond progression”
(BYP) differently referring to patients who continued treatment
after disease progression within two months at maximum. Median
OS and survival after progression were better in patients who
received bevacizumab after first progression (19.2 vs. 9.5 months)
(Grothey et al,, 2014). In the ARIES study on 1,550 patients,
Bendell et al. reported that a cumulative dose of bevacizumab
represented a significant prognostic factor for survival after first
progression (Bendell et al., 2012). The same results were retrieved
by Cartwright et al. on 573 patients as determined by improved OS
(279 vs. 14.6 months) and post-progression survival (21.4 vs.
10.1 months) (Cartwright et al., 2012).

In the same context, in a phase III trial on 185 patients treated
with second-line bevacizumab with or without FOLFIRI or
FOLFOX (depending on the first-line treatment already
administered), Masi et al. found a statistically significant PES
and OS advantage for bevacizumab continuation or
reintroduction in the second-line over chemotherapy alone in
all the analyzed subgroups (Masi et al., 2015).

Toxicity of Bevacizumab in mCRC Patients
Bevacizumab has some specific adverse effects like hypertension,
proteinuria, gastro-intestinal perforation, thrombosis, pulmonary
thromboembolism and hemorrhage (Feliu et al.,, 2015; Dionisio
de Sousa et al., 2016).

In our analysis, no statistically significant differences were
found in the number of hypertensive cases between the SDB and
DDB groups, but in the DDB group grade 3 hypertension was
twice as frequent as in the SDB group (p = 0.04). Hypertension
(grade 3 and 4) is a common adverse event to bevacizumab
treatment with an incidence of 0.4 and 17.9% (Dionisio de Sousa
et al.,, 2016). In a small retrospective analysis of 79 patients,
grade 2 and 3 of hypertension during bevacizumab
administration was predictive of PFS but not OS
improvement (Feliu et al.,, 2015). Our data also revealed that
proteinuria was more frequent in the DDB than in the SDB
group, reaching statistical significance. Proteinuria was reported
in 0.7-54.7% of patients (Feliu et al., 2015). Proteinuria was not
correlated with OS or PFS advantage in a phase Il trial (Lee et al.,
2019). Both hypertension and proteinuria were statistically
correlated with the duration of bevacizumab administration,
higher doses of bevacizumab may increase the risk, due to a
cumulative effect (Loupakis et al., 2018). As for the other
bevacizumab adverse events, no significant differences in
bleeding, perforation, cardiomyopathy, thrombosis and
emboli were found between groups. Treatment was not
delayed in the DDB group despite the higher dose in the
second-line since no untreatable toxicity occurred. However,
perforations were reported in 0.2-1% of patients, bleeding in
10-20% and thrombosis and thromboembolism events in
2.8-17.3% of patients (Feliu et al., 2015).

Subgroup Analysis of Overall Survival

Older age could be a factor for under-treatment reported by Raab
et al. (Raab et al., 2019), despite the fact that bevacizumab could
improve OS and PFS for this category of patients, as showed by
Pinto et al. (Pinto et al., 2017).
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In our study, male gender, age below 65 and irinotecan-based
chemotherapy in the first-line were significantly linked to a
survival advantage. No PFS1 cut-off value was found to be
associated with better OS. In the same line, the results of
Loupakis et al. that retrospectively analyzed the results of NO
16966 and AVF2107g phase III trials, including patients with
mCRC treated in the first-line with bevacizumab and standard
chemotherapy showed no OS advantage in any subcategory
(Loupakis et al., 2018).

In a pooled analysis of 2,879 patients included in major published
trials (COIN, OPUS, AGITG, CRYSTAL, FOCUS 2, and COIN-B),
Salem et al. showed that left-sided colon cancer patients were mostly
elderly females (over the age of 70 years) (Salem et al, 2018).
However, considering the Rahman et al. data, gender was not
shown to be predictive for OS (Abdel-Rahman, 2019).

Is OS Influenced by PFS1 or PFS2?

Post-progression survival is a very important factor that may
characterize better clinical after first disease
progression. Petrelli et al. showed that in 16,408 patients
included in 34 phase III randomized clinical trials, a good
correlation between OS and post-progression survival (PFS2)
was observed (Petrelli and Barni, 2013).

In our study,PFS1, PFS2, TTF, and OS were all higher in the
group of mCRC patients treated with DDB after disease
progression (Table 3) (Bochis et al, 2020). In previously
published data PFS1 was shown to have a strong influence on
OS (Petrelli and Barni, 2013). However, in our study, a positive
moderate correlation between PFS1, PFS2, and OS with total
bevacizumab dose was found in both groups of patients. PFSI in
SDB group showed a tendency to strong positive correlation. All
Pearson’s correlations examined were statistically significant (p <
0.001). PFS1 should not have been dependent on bevacizumab
dose intensity since the same first-line doses were administered in
both the DDB and SDB groups. The retrospective nature of our
study may explain this finding. An analysis of 22,736 patients
included in 50 clinical trials found a good correlation between
PES and OS in chemotherapy regimens but less so for trials on
monoclonal antibodies (Petrelli and Barni, 2013). Within 20,438
patients, Sidhu et al. observed a weak correlation between the
response rate (RR) and OS, lower than the correlation coefficient
for PFS and OS (Sidhu et al., 2013).

The limitations of our study may reside in several factors such
as the lack of patient randomization at inclusion and variations in
the induction treatment and should be considered as a potential
source of bias. The unbalanced use of an oxaliplatin backbone
regimen in first and second-line therapy in both the SDB and
DDB groups may be a factor influencing the general results of our
study, due to well-known differences in terms of rate of response,
type, and intensity of toxicity compared with irinotecan. The
strength of our analysis resides in the data extracted from the
medical records of unselected patients with mCRC treated with
systemic treatment. The inclusion and exclusion criteria
established in this study were meant to create a real-life
situation that medical oncologists may be faced with. By
avoiding the over-selection of patients imposed by the
constraints of a clinical trial, we wished to have a better

outcomes
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chance of determining the advantage (if any) of doubling the
bevacizumab dose in mCRC patients after first disease
progression. In the EMA market-approval for bevacizumab in
mCRGC, both treatment strategies—standard and double dose-are
mentioned, without any recommendation on when to use the
double dose. The scarce clinical data available need to be
completed with the experience of cancer centers, regional
databases, and randomized phase III trials to provide the best
proof of efficacy of one of the two strategies. No definitive
conclusion can be drawn according to the available data.

CONCLUSION

Our data demonstrated that doubling the dose of bevacizumab
after first progression may improve OS, PFS1, PFS2, and TTF.
Moreover, an increasing dose of bevacizumab may lead to better
outcomes in the DDB group. However, doubling the dose of
bevacizumab was not associated with increased toxicities except
for grade 3 hypertension, which was manageable, without negative
influence on treatment administration. Irinotecan-based
chemotherapy regimens in the first-line significantly could be a
preferential partner for bevacizumab in mCRC patients.

DATA AVAILABILITY STATEMENT

The datasets generated for this study will not be made publicly
available The datasets for this article are not publicly available
because: GPDR legislation. Requests to access the datasets should
be directed to CC, (calincainap2015@gmail.com).

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of the Chiricuta Oncologic
Institute, Cluj-Napoca, No 42/8 December 2015. The patients/
participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

CC: conceptualization, formal analysis, writing original draft,
review and editing; O-VB, CV, RP, PA-C: conceptualization,
formal analysis, investigation, data curation, review and
editing; A-MC, TT, MD, OC, CVC, OB, OC, LB, MM, MB:
investigation, data curation, review and editing; SC:
conceptualization, writing original draft, review and editing.

FUNDING

Knowledge transfer of biogenomics in oncology and related
domains in clinical applications - BIOGENONCO, MySMIS
Code: 105774, Financing contract No: 10/01.09.2016.

Frontiers in Pharmacology | www.frontiersin.org

March 2021 | Volume 12 | Article 487316


mailto:calincainap2015@gmail.com
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Cainap et al.

REFERENCES

Abdel-Rahman, O. (2019). Impact of sex on chemotherapy toxicity and efficacy
among patients with metastatic colorectal cancer: pooled analysis of 5
randomized trials. Clin. Colorectal Cancer 18 (2), 110-115.e2. doi:10.1016/j.
clcc.2018.12.006

Al-Husein, B., Abdalla, M., Trepte, M., DeRemer, D. L., and Somanath, P. R.
(2012). Antiangiogenic therapy for cancer: an update. Pharmacotherapy 32
(12), 1095-1111. doi:10.1002/phar.1147

Avastin (2020). European medicines agency. Available from: https://www.ema.
europa.eu/en/medicines/human/EPAR/avastin (Accessed Mar 1, 2020).

Baraniskin, A., Buchberger, B., Pox, C., Graeven, U., Holch, J. W., Schmiegel, W.,
et al. (2019). Efficacy of bevacizumab in first-line treatment of metastatic
colorectal cancer: a systematic review and meta-analysis. Eur. J. Cancer 106,
37-44. doi:10.1016/j.ejca.2018.10.009

Bendell, J. C., Bekaii-Saab, T. S., Cohn, A. L., Hurwitz, H. L., Kozloff, M., Tezcan, H.,
et al. (2012). Treatment patterns and clinical outcomes in patients with
metastatic colorectal cancer initially treated with FOLFOX-Bevacizumab or
FOLFIRI-Bevacizumab: results from ARIES, a bevacizumab observational
cohort study. Oncologist 17 (12), 1486-1495. doi:10.1634/theoncologist.2012-
0190

Bennouna, J., Sastre, J., Arnold, D., Osterlund, P., Greil, R., Van Cutsem, E., et al.
(2013). Continuation of bevacizumab after first progression in metastatic
colorectal cancer (ML18147): a randomised phase 3 trial. Lancet Oncol. 14
(1), 29-37. doi:10.1016/s1470-2045(12)70477-1

Bochis, O-V., Vlad, C.,, Cainap, C., Achimas Cadariu, P., Sur, D., Havasi, A,,
et al. (2020). Treatment beyond progression in metastatic colorectal cancer:
to double or not to double the dose of bevacizumab? J. BUON 25 (2),
875-883.

Boeckx, N., Koukakis, R., Op de Beeck, K., Rolfo, C., Van Camp, G,, Siena, S., et al.
(2018). Effect of primary tumor location on second or later-line treatment
outcomes in patients with RAS wild-type metastatic colorectal cancer and all
treatment lines in patients with RAS mutations in four randomized
panitumumab studies. Clin. Colorectal Cancer 17 (3), 170-178.e3. doi:10.
1016/j.clcc.2018.03.005

Bray, F., Ferlay, J., Soerjomataram, I, Siegel, R. L., Torre, L. A, and Jemal, A.
(2018). Global cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA A. Cancer J. Clin. 68
(6), 394-424. doi:10.3322/caac.21492

Cartwright, T. H,, Yim, Y. M., Yu, E., Chung, H., Halm, M., and Forsyth, M. (2012).
Survival outcomes of bevacizumab beyond progression in metastatic colorectal
cancer patients treated in United States community oncology. Clin. Colorectal
Cancer 11 (4), 238-246. doi:10.1016/j.clcc.2012.05.005

Cetean, S., Ciuleanu, T., Leucuta, D-C., Cainap, C., Constantin, A., Cazacu, L, et al.
(2015). Hypersensitivity reactions to platinum derivatives: findings of new
predictive markers. J. BUON 20 (6), 1617.

Coyle, K. M., Boudreau, J. E., and Marcato, P. (2017). Genetic mutations and
epigenetic modifications: driving cancer and informing precision medicine.
Biomed. Res. Int. 2017, 9620870. doi:10.1155/2017/9620870

Crosara Teixeira, M., Marques, D. F., Ferrari, A. C,, Alves, M. F. S., Alex, A. K,,
Sabbaga, ., et al. (2015). The effects of palliative chemotherapy in metastatic
colorectal cancer patients with an ECOG performance status of 3 and 4. Clin.
Colorectal Cancer 14 (1), 52-57. doi:10.1016/j.clcc.2014.09.010

Cutsem, E. V., Cervantes, A., Adam, R., Sobrero, A., Krieken, J. H. Van., Aderka, D.,
et al. (2016). ESMO consensus guidelines for the management of patients with
metastatic colorectal cancer. Ann. Oncol. 27 (8), 1386-1422. do0i:10.1093/
annonc/mdw235

Dienstmann, R., Salazar, R., and Tabernero, J. (2018). Molecular subtypes and the
evolution of treatment decisions in metastatic colorectal cancer. Am. Soc. Clin.
Oncol. Educ. B (38), 231-238. doi:10.1200/edbk_200929

Dionisio de Sousa, I. J., Ferreira, J., Rodrigues, J., Bonito, N., Jacinto, P., Marques,
M., et al. (2016). Association between bevacizumab-related hypertension and
response to treatment in patients with metastatic colorectal cancer. ESMO Open
1 (3), e000045. doi:10.1136/esmoopen-2016-000045

Edwards, B. K., Noone, A. M., Mariotto, A. B., Simard, E. P., Boscoe, F. P., Henley,
S. 7., et al. (2014). Annual Report to the Nation on the status of cancer, 1975-
2010, featuring prevalence of comorbidity and impact on survival among

Doubling the Dose of Bevacizumab in mCRC

persons with lung. in colorectal, breast, or prostate cancer. Cancer 120,
1290-1314. doi:10.1002/cncr.28509

Eisenhauer, E. A, Therasse, P., Bogaerts, J., Schwartz, L. H., Sargent, D., Ford, R,,
etal. (2009). New response evaluation criteria in solid tumours: revised RECIST
guideline (version 1.1). Eur. J. Cancer 45 (2), 228-247. doi:10.1016/j.ejca.2008.
10.026

Esin, E., and Yalcin, S. (2016). Maintenance strategy in metastatic colorectal cancer:
a systematic review. Cancer Treat. Rev. 42, 82-90. doi:10.1016/j.ctrv.2015.
10.012

Feliu, J., Salud, A., Safont, M. J., Garcia-Girén, C., Aparicio, J., Losa, F., et al. (2015).
Correlation of hypertension and proteinuria with outcome in elderly
bevacizumab-treated patients with metastatic colorectal cancer. PLoS One 10
(1), e0116527. doi:10.1371/journal.pone.0116527

Ferlay, J., Colombet, M., Soerjomataram, I., Mathers, C., Parkin, D. M., Pifieros, M.,
et al. (2018). Estimating the global cancer incidence and mortality in 2018:
GLOBOCAN sources and methods. Int. J. Cancer 144 (8), 1941-1953. doi:10.
1002/ijc.31937

Grothey, A., Flick, E. D., Cohn, A. L., Bekaii-Saab, T. S., Bendell, J. C., Kozloff, M.,
etal. (2014). Bevacizumab exposure beyond first disease progression in patients
with metastatic colorectal cancer: analyses of the ARIES observational cohort
study. Pharmacoepidemiol. Drug Saf. 23 (7), 726-734. doi:10.1002/pds.3633

Hegewisch-Becker, S., Nopel-Diinnebacke, S., Hinke, A., Graeven, U., Reinacher-
Schick, A., Hertel, J., et al. (2018). Impact of primary tumour location and RAS/
BRAF mutational status in metastatic colorectal cancer treated with first-line
regimens containing oxaliplatin and bevacizumab: prognostic factors from the
AIO KRK0207 first-line and maintenance therapy trial. Eur. J. Cancer 101,
105-113. doi:10.1016/j.ejca.2018.06.015

Hong, S. N. (2018). Genetic and epigenetic alterations of colorectal cancer. Intest
Res. 16 (3), 327-337. d0i:10.5217/ir.2018.16.3.327

Ilic, I, Jankovic, S., and Ilic, M. (2016). Bevacizumab combined with chemotherapy
improves survival for patients with metastatic colorectal cancer: evidence from
meta analysis. PLoS One. 11 (8), €0161912. doi:10.1371/journal.pone.0161912

Jordan, F., Grundmann, N., Schenkirsch, G., Mirkl, B., Messmann, H., Anthuber,
M, et al. (2018). Impact of primary tumor localization on the efficacy of
bevacizumab in metastatic colorectal cancer. Anticancer Res. 38 (9), 5539-5546.
doi:10.21873/anticanres.12889

Keytruda (2020). European medicines agency. Available from: https://www.ema.
europa.eu/en/medicines/human/EPAR/keytruda (Accessed March 1, 2020).

Kuramochi, H., Ando, M., Itabashi, M., Nakajima, G., Kawakami, K., Hamano, M.,
et al. (2017). Phase II study of bevacizumab and irinotecan as second-line
therapy for patients with metastatic colorectal cancer previously treated with
fluoropyrimidines, oxaliplatin, and bevacizumab. Cancer Chemother.
Pharmacol. 79 (3), 579-585. doi:10.1007/s00280-017-3255-3

Lee, S-P., Hsu, H-C,, Tai, Y-J., Chen, Y-L., Chiang, Y-C., Chen, C-A,, et al. (2019).
Bevacizumab dose affects the severity of adverse events in gynecologic
malignancies. Front. Pharmacol. 10, 426. doi:10.3389/fphar.2019.00426

Loupakis, F., Hurwitz, H. I, Saltz, L., Arnold, D., Grothey, A., Nguyen, Q. L., et al.
(2018). Impact of primary tumour location on efficacy of bevacizumab plus
chemotherapy in metastatic colorectal cancer. Br. J. Cancer 119 (12):1451-1455.
doi:10.1038/s41416-018-0304-6

Masi, G., Salvatore, L., Boni, L., Loupakis, F., Cremolini, C., Fornaro, L., et al.
(2015). Continuation or reintroduction of bevacizumab beyond progression to
first-line therapy in metastatic colorectal cancer: final results of the randomized
BEBYP trial. Ann. Oncol. 26 (4), 724-730. doi:10.1093/annonc/mdv012

Messersmith, W. A. (2019). NCCN guidelines updates: management of metastatic
colorectal cancer. J. Natl. Compr. Canc Netw. 17 (55), 599-601. doi:10.6004/
jncen.2019.5014

Petrelli, F., and Barni, S. (2013). Correlation of progression-free and post-
progression survival with overall survival in advanced colorectal cancer.
Ann. Oncol. 24 (1), 186-192. doi:10.1093/annonc/mds289

Pinto, C., Antonuzzo, L., Porcu, L., Aprile, G., Maiello, E., Masi, G., et al. (2017).
Efficacy and safety of bevacizumab combined with fluoropyrimidine
monotherapy for unfit or older patients with metastatic colorectal cancer: a
systematic review and meta-analysis. Clin. Colorectal Cancer 16 (2), e61-e72.
doi:10.1016/j.clcc.2016.08.006

Qiu, M,, Hu, J,, Yang, D., Cosgrove, D. P., and Xu, R. (2015). Pattern of distant
metastases in colorectal cancer: a SEER based study. Oncotarget 6 (36),
38658-38666. doi:10.18632/oncotarget.6130

Frontiers in Pharmacology | www.frontiersin.org

10

March 2021 | Volume 12 | Article 487316


https://doi.org/10.1016/j.clcc.2018.12.006
https://doi.org/10.1016/j.clcc.2018.12.006
https://doi.org/10.1002/phar.1147
https://www.ema.europa.eu/en/medicines/human/EPAR/avastin
https://www.ema.europa.eu/en/medicines/human/EPAR/avastin
https://doi.org/10.1016/j.ejca.2018.10.009
https://doi.org/10.1634/theoncologist.2012-0190
https://doi.org/10.1634/theoncologist.2012-0190
https://doi.org/10.1016/s1470-2045(12)70477-1
https://doi.org/10.1016/j.clcc.2018.03.005
https://doi.org/10.1016/j.clcc.2018.03.005
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/j.clcc.2012.05.005
https://doi.org/10.1155/2017/9620870
https://doi.org/10.1016/j.clcc.2014.09.010
https://doi.org/10.1093/annonc/mdw235
https://doi.org/10.1093/annonc/mdw235
https://doi.org/10.1200/edbk_200929
https://doi.org/10.1136/esmoopen-2016-000045
https://doi.org/10.1002/cncr.28509
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.ctrv.2015.10.012
https://doi.org/10.1016/j.ctrv.2015.10.012
https://doi.org/10.1371/journal.pone.0116527
https://doi.org/10.1002/ijc.31937
https://doi.org/10.1002/ijc.31937
https://doi.org/10.1002/pds.3633
https://doi.org/10.1016/j.ejca.2018.06.015
https://doi.org/10.5217/ir.2018.16.3.327
https://doi.org/10.1371/journal.pone.0161912
https://doi.org/10.21873/anticanres.12889
https://www.ema.europa.eu/en/medicines/human/EPAR/keytruda
https://www.ema.europa.eu/en/medicines/human/EPAR/keytruda
https://doi.org/10.1007/s00280-017-3255-3
https://doi.org/10.3389/fphar.2019.00426
https://doi.org/10.1038/s41416-018-0304-6
https://doi.org/10.1093/annonc/mdv012
https://doi.org/10.6004/jnccn.2019.5014
https://doi.org/10.6004/jnccn.2019.5014
https://doi.org/10.1093/annonc/mds289
https://doi.org/10.1016/j.clcc.2016.08.006
https://doi.org/10.18632/oncotarget.6130
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Cainap et al.

Raab, G. T,, Lin, A., Hillyer, G. C,, Keller, D., O’Neil, D. S., Accordino, M. K,, et al.
(2019). Use of bevacizumab for elderly patients with stage IV colon cancer:
analysis of SEER-medicare data. Clin. Colorectal Cancer 18 (3), €294-9. doi:10.
1016/j.clcc.2019.05.008

Salem, M. E.,, Yin, J., Weinberg, B. A,, Renfro, L. A, Pederson, L. D., Maughan, T. S.,
et al. (2018). Clinicopathological differences and survival outcomes with first-
line therapy in patients with left-sided colon cancer and rectal cancer: pooled
analysis of 2879 patients from AGITG (MAX), COIN, FOCUS2, OPUS,
CRYSTAL and COIN-B trials in the ARCAD databas. Eur. J. Cancer 103,
205-213. doi:10.1016/j.ejca.2018.08.020

Schmoll, H. J., Cutsem, E. V., Stein, A., Valentini, V., Glimelius, B., Haustermans,
K., etal. (2012). ESMO Consensus Guidelines for management of patients with
colon and rectal cancer. A personalized approach to clinical decision making.
Ann. Oncol. 23 (10), 2479-2516. doi:10.1093/annonc/mds236

Sidhu, R, Rong, A., and Dahlberg, S. (2013). Evaluation of progression-free
survival as a surrogate endpoint for survival in chemotherapy and targeted
agent metastatic colorectal cancer trials. Clin. Cancer Res. 19 (5), 969-976.
doi:10.1158/1078-0432.ccr-12-2502

Simkens, L. H. J., van Tinteren, H., May, A., Ten Tije, A. J., Creemers, G-]. M.,
Loosveld, O. J. L, et al. (2015). Maintenance treatment with capecitabine and
bevacizumab in metastatic colorectal cancer ({CAIRO}3): a phase 3 randomised
controlled trial of the Dutch colorectal cancer group. Lancet 385 (9980),
1843-1852. doi:10.1016/S0140-6736(14)62004-3

Stivarga (2020). European medicines agency. Available from: https://www.ema.
europa.eu/en/medicines/human/EPAR/stivarga (Accessed March 1, 2020).

Van Cutsem, E., Rivera, F., Berry, S., Kretzschmar, A., Michael, M., DiBartolomeo,
M, et al. (2009). Safety and efficacy of first-line bevacizumab with FOLFOX,
XELOX, FOLFIRI and fluoropyrimidines in metastatic colorectal cancer: the
BEAT study. Ann. Oncol. 20 (11), 1842-1847. doi:10.1093/annonc/mdp233

Doubling the Dose of Bevacizumab in mCRC

Veld, J. V., Amelung, F. J., Borstlap, W. A. A,, Eise van Halsema, E., Consten, E. C.
J., Siersema, P. D., et al. (2019). Changes in management of left-sided
obstructive colon cancer: national practice and guideline implementation.
J. Natl. Compr. Cancer Netw. 17 (12), 1512-1520. doi:10.6004/jnccn.2019.7326

Vuik, F. E., Nieuwenburg, S. A., Bardou, M., Lansdorp-Vogelaar, I., Dinis-Ribeiro,
M., Bento, M. ], et al. (2019). Increasing incidence of colorectal cancer in young
adults in Europe over the last 25 years. Gut 68 (10), 18206. doi:10.1136/gutjnl-
2018-317592

Yamazaki, K., Nagase, M., Tamagawa, H., Ueda, S., Tamura, T., Murata, K, et al.
(2014). A randomized phase III trial of mFOLFOX6 plus bevacizumab versus
FOLFIRI plus bevacizumab as first-line treatment for metastatic colorectal
cancer: West Japan oncology group study 4407G (WJOG4407G). J. Clin. Oncol.
32 (Suppl. 151), 3534. doi:10.1200/jc0.2014.32.15_suppl.3534

Zaltrap (2020). European medicines agency. Available from: https://www.ema.
europa.eu/en/medicines/human/EPAR/zaltrap (Accessed Mar 1 2020).

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.

Copyright © 2021 Cainap, Bochis, Vlad, Popita, Achimas-Cadariu, Havasi,
Vidrean, Dranca, Piciu, Constantin, Tat, Dana, Crisan, Cioban, Bildacescu,
Coza, Balacescu, Marta, Bota and Cainap. 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.

Frontiers in Pharmacology | www.frontiersin.org

11

March 2021 | Volume 12 | Article 487316


https://doi.org/10.1016/j.clcc.2019.05.008
https://doi.org/10.1016/j.clcc.2019.05.008
https://doi.org/10.1016/j.ejca.2018.08.020
https://doi.org/10.1093/annonc/mds236
https://doi.org/10.1158/1078-0432.ccr-12-2502
https://doi.org/10.1016/S0140-6736(14)62004-3
https://www.ema.europa.eu/en/medicines/human/EPAR/stivarga
https://www.ema.europa.eu/en/medicines/human/EPAR/stivarga
https://doi.org/10.1093/annonc/mdp233
https://doi.org/10.6004/jnccn.2019.7326
https://doi.org/10.1136/gutjnl-2018-317592
https://doi.org/10.1136/gutjnl-2018-317592
https://doi.org/10.1200/jco.2014.32.15_suppl.3534
https://www.ema.europa.eu/en/medicines/human/EPAR/zaltrap
https://www.ema.europa.eu/en/medicines/human/EPAR/zaltrap
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Doubling the Dose of Bevacizumab Beyond Progression in Metastatic Colorectal Cancer–the Experience of a Tertiary Cancer Center
	Introduction
	Materials and Methods
	Study Population
	Chemotherapy Regimens and Follow-up
	Statistical Analysis

	Results
	Patient Characteristics
	Bevacizumab Toxicity
	First and Second-line Chemotherapy Backbone
	Timing of Bevacizumab Initiation
	Bevacizumab dose Intensity
	Subgroup Analysis of Overall Survival
	Was OS Influenced by PFS1 or PFS2?

	Discussion
	Primary Tumor Location
	First and Second-line Chemotherapy Backbone Associated With Bevacizumab
	Bevacizumab dose Intensity and its use Beyond Progression
	Toxicity of Bevacizumab in mCRC Patients
	Subgroup Analysis of Overall Survival
	Is OS Influenced by PFS1 or PFS2?

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


