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Abstract
Background: Bevacizumab-awwb (MVASI®) was the first U.S. Food and Drug Administration-
approved biosimilar to Avastin® (reference product [RP]) for the treatment of several different 
types of cancers, including metastatic colorectal cancer (mCRC), an indication approved based 
on extrapolation.
Objectives: Evaluate treatment outcomes in mCRC patients who received first-line (1L) 
bevacizumab-awwb at treatment initiation or as continuing bevacizumab therapy (switched 
from RP).
Design: A retrospective chart review study.
Methods: Adult patients who had a confirmed diagnosis of mCRC (initial presentation of CRC 
on or after 01 January 2018) and initiated 1L bevacizumab-awwb between 19 July 2019 and 30 
April 2020 were identified from the ConcertAI Oncology Dataset. A chart review was conducted 
to evaluate patient baseline clinical characteristics and effectiveness and tolerability 
outcomes during the follow-up. Study measures were reported stratified by prior use of RP: 
(1) naïve patients and (2) switchers (patients who switched to bevacizumab-awwb from RP 
without advancing the line of therapy).
Results: At the end of study period, naïve patients (n = 129) had a median 1L progression-free 
survival (PFS) of 8.6 months [95% confidence interval (CI), 7.6–9.9] and a 12-month overall 
survival (OS) probability of 71.4% (95% CI, 61.0–79.5%). Switchers (n = 105) had a median 
1L PFS of 14.1 months (95% CI, 12.1–15.8) and a 12-month OS probability of 87.6% (95% CI, 
79.1–92.8%). During treatment with bevacizumab-awwb, 20 events of interest (EOIs) were 
reported in 18 naïve patients (14.0%) and 4 EOIs reported in 4 switchers (3.8%), of which the 
most commonly reported events were thromboembolic and hemorrhagic events. Most EOIs 
resulted in emergency department visit and/or treatment hold/discontinuation/switch. None of 
the EOIs resulted in death.
Conclusion: In this real-world cohort of mCRC patients who were treated 1L with a 
bevacizumab biosimilar (bevacizumab-awwb), the clinical effectiveness and tolerability data 
were as expected and consistent with previously published findings from real-world studies of 
bevacizumab RP in mCRC patients.
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Introduction
Colorectal cancer (CRC) is a leading cause of 
tumor-related morbidity and mortality worldwide, 
and it accounts for 8.6% of all tumor-related mor-
tality in the United States.1 Approximately 20–25% 
of patients with CRC present with metastatic dis-
ease,2 which is associated with poor prognosis, espe-
cially if left untreated or only treated with supportive 
care.3,4 Management of metastatic CRC (mCRC) 
has evolved significantly in the past decades with the 
introduction of targeted biologic therapies. 
Bevacizumab (Avastin®, Genentech, Inc., South 
San Francisco, CA, USA), a monoclonal antibody 
against vascular endothelial growth factor approved 
by the U.S. Food and Drug Administration (FDA) 
in 2004, is among these therapies; and it has been 
shown to significantly improve the survival of 
mCRC patients in combination with 5-fluorouracil-
based chemotherapy.5–14

Biosimilars are biological products highly similar 
to the reference product (RP) in terms of safety, 
purity, and potency,15–17 and they have the poten-
tial to expand access to biologic medicines.18 
Biosimilarity between the biosimilar bevaci-
zumab-awwb (MVASI®, Amgen Inc., Thousand 
Oaks, CA, USA) and bevacizumab RP (Avastin®) 
in terms of analytic structure and function, phar-
macokinetics, and pharmacodynamics has been 
rigorously evaluated in nonclinical and clinical 
pharmacologic studies.19,20 A comparative clinical 
trial (MAPLE trial, ClinicalTrials.gov identifier: 
NCT01966003)21 demonstrated similar efficacy, 
safety, and immunogenicity between biosimilar 
bevacizumab-awwb and the RP in patients with 
advanced non-small cell lung cancer (NSCLC). 
The totality of evidence generated for bevaci-
zumab-awwb19,21 and common mechanism of 
action across indications provided the scientific 
justification for applying the principles of extrap-
olation from NSCLC to other tumor types and 
resulted in the FDA approval of bevacizumab-
awwb for the same indications as bevacizumab 
RP.20

Bevacizumab-awwb was first available for use in 
the United States in July 2019 and has offered 
more affordable treatment options for patients 
with certain types of cancers, including mCRC.22–

24 Although the accelerated development program 
for biosimilars improves patient accessibility to 
biologic therapies,25 lack of clinical trial data on 
indications approved on the basis of extrapolation 
and lack of familiarity with the extrapolation prin-
ciple may pose challenges to biosimilar adoption 

among clinicians and patients.26,27 Real-world 
post-marketing studies can provide useful infor-
mation to the medical community and patients to 
increase confidence in biosimilars.28 We therefore 
designed this retrospective, observational study to 
evaluate the real-world experience of bevaci-
zumab-awwb in patients with mCRC.

We previously presented data on a total of 304 
patients with mCRC who received bevacizumab-
awwb during the first year after its market entry in 
the United States. The initial descriptive analysis 
evaluated patient clinical characteristics and utili-
zation patterns of bevacizumab-awwb, reporting 
that ~80% of patients received bevacizumab-awwb 
as first-line (1L) therapy either as initiating beva-
cizumab therapy or as continuing bevacizumab 
therapy (switched from the RP).29 In the current 
analysis, we followed those 1L patients longitudi-
nally and aimed to evaluate clinical outcomes 
(events of interest [EOIs] and survival outcomes) 
of patients treated with 1L bevacizumab-awwb.

Patients and methods

Study design and data collection
Patient data were collected from the ConcertAI 
Oncology Dataset, a consolidated electronic 
medical record (EMR) database of structured 
and unstructured clinical information, including 
patient histology, biomarker results, and health-
care provider notes (e.g. performance status and 
the date and type of disease progression). These 
data were derived from networks of geographi-
cally diverse, primarily community-based oncol-
ogy practices in the United States that include 
multiple group purchasing organizations. As a 
result, practice patterns reflect real-world varia-
bility of treatment.29–32

A retrospective medical chart review was con-
ducted to evaluate patient characteristics and 
treatment outcome data.29–32 Patient baseline 
characteristics were abstracted from unstructured 
EMRs by trained clinical research nurses and 
linked to patient data extracted from standard 
fields as described previously.29 Treatment pat-
terns of bevacizumab-awwb were collected, 
including durations of 1L bevacizumab-awwb 
use, prior treatment history of RP, and other sys-
temic anticancer therapy (chemotherapy or immu-
notherapy). The occurrence and date of disease 
progression were determined from pathology 
reports, radiological scan notes, and/or statements 
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about disease progression in oncologist progress 
notes.30,33 EOIs occurring during 1L bevaci-
zumab-awwb containing treatment and their 
management approaches were also abstracted 
from patient EMRs.

This study received institutional review board 
approval from the ethics committee of IntegReview 
(Austin, TX, USA), now part of Advarra 
(Columbia, Maryland). Patient confidentiality 
was maintained throughout the study in accord-
ance with regulations and standards for observa-
tional research. Informed consent from the 
patients for the inclusion of their medical history 
and treatment outcomes within this work was 
waived since this retrospective study included 
only review of existing data without contact with 
or direct involvement of patients in the study.

Study population
Adult patients (⩾18 years of age) who had a con-
firmed diagnosis of mCRC (with initial presenta-
tion of CRC on or after 1 January 2018) and 
initiated treatment with bevacizumab-awwb in 1L 
between 19 July 2019 and 30 April 2020 were 
included in the analysis. Patients with a known 
Eastern Cooperative Oncology Group (ECOG) 
performance status of ⩾3 at mCRC diagnosis 
were excluded. This analysis included: (1) patients 
without prior exposure to the RP from diagnosis 
of mCRC through initiation of 1L bevacizumab-
awwb, hereafter referred to as naïve patients; and 
(2) patients who previously received 1L RP fol-
lowing mCRC diagnosis but switched to bevaci-
zumab-awwb in the same line without disease 
progression, hereafter referred to as switchers.

Study measures and assessments
Patients were followed from the initiation of 1L 
therapy (bevacizumab-awwb or RP, systemic 
anticancer therapy, or combination of bevaci-
zumab-awwb or RP with systemic anticancer 
therapy) until death, end of the medical record, 
or end of study period (June 2021), whichever 
occurred first. Progression-free survival (PFS) 
and overall survival (OS) were measured from the 
initiation of 1L therapy, which was defined as the 
earlier date of either bevacizumab or chemother-
apy treatment. Specifically, PFS was defined as 
the duration from the initiation of 1L therapy to 
the occurrence of first recorded disease progres-
sion, death from any cause, or censoring (end of 
the medical record or end of study period), 

whichever occurred first. OS was defined as the 
duration from the initiation of 1L therapy to 
death from any cause or censoring (end of the 
medical record or end of study period), whichever 
occurred first.

Prespecified EOIs included gastrointestinal perfo-
rations, hemorrhages, hypertension, infusion reac-
tions, ovarian failure, proteinuria, thromboembolic 
events, and wound-healing complications. Actions 
taken following the occurrence of an EOI were 
assessed categorically and included dose reduc-
tion, treatment hold, treatment discontinuation or 
switch, emergency department visit, hospitaliza-
tion, and use of supportive care medications.

Statistical analysis
All results were summarized using descriptive 
statistics and reported separately for naïve 
patients and switchers. Patient characteristics 
and treatment patterns were summarized using 
means and standard deviations for continuous 
variables and frequencies and percentages for 
categorical variables. Missing data were not 
imputed and were reported as ‘undocumented’ 
or ‘unknown.’29 PFS and OS probability and 
time to event outcomes, along with their associ-
ated 95% confidence intervals (CIs), were ana-
lyzed using Kaplan-Meier curves. The incidence 
at which each EOI occurred was described at 
patient level according to the management 
action(s) for the EOI. More than one EOI could 
be reported for a patient and each EOI could 
result in more than one management action.

Results

Patient characteristics
A total of 129 naïve patients and 105 switchers, 
who were treated primarily at community-based 
practices in the United States, were included in 
this analysis. Majority of patients (>65%) were 
white. The proportion of males was 54% for 
naïve patients and 64% for switchers, and their 
mean age was 62 and 65 years, respectively. 
Overall, about 60% of patients presented with 
metastatic disease at the initial diagnosis of 
CRC. Over 70% of patients had colon as the 
primary affected site of initial disease, and the 
most common site of metastasis was the liver 
(65–69%). About 40% of patients were docu-
mented to undergo surgical resection of initial 
disease, and at the initiation of bevacizumab-
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Table 1.  Demographic and clinical characteristics of patients with mCRC treated with 1L bevacizumab-awwb.

Characteristic Naïve patients 
(n = 129)

Switchers (n = 105)

Male, n (%) 69 (53.5%) 67 (63.8%)

Agea in years, mean (SD) 62.0 (11.3) 64.8 (10.7)

Race, n (%)

  White 86 (66.7%) 69 (65.7%)

  Black or African American 23 (17.8%) 17 (16.2%)

  Otherb 10 (7.8%) 13 (12.4%)

  Undocumented 10 (7.8%) 6 (5.7%)

US region of residence, n (%)

  Midwest 10 (7.8%) 13 (12.4%)

  Northeast 9 (7.0%) 3 (2.9%)

  South 97 (75.2%) 80 (76.2%)

  West 13 (10.1%) 9 (8.6%)

Practice setting, n (%)

  Academic 28 (21.7%) 6 (5.7%)

  Community 101 (78.3%) 99 (94.3%)

Tumor stage at initial diagnosis, n (%)

  Stage I/II 10 (7.8%) 18 (17.1%)

  Stage III 35 (27.1%) 26 (24.8%)

  Stage IV 80 (62.0%) 60 (57.1%)

  Undocumented 4 (3.1%) 1 (<1%)

ECOG performance status,a n (%)

  0 50 (38.8%) 35 (33.3%)

  1 44 (34.1%) 40 (38.1%)

  2 8 (6.2%) 7 (6.7%)

  Undocumented 27 (20.9%) 23 (21.9%)

Adenocarcinoma at initial diagnosis, n (%) 123 (95.3%) 102 (97.1%)

Location of primary tumor at initial diagnosis, n (%)

  Left-sided 73 (56.6%) 60 (57.1%)

  Right-sided 50 (38.8%) 41 (39.0%)

  Both-sided 2 (1.6%) 0

  Undocumented 4 (3.1%) 4 (3.8%)

(Continued)

https://journals.sagepub.com/home/tam


R Jin, AS Ogbomo et al.

journals.sagepub.com/home/tam	 5

awwb, most (>70%) had the ECOG perfor-
mance status score of 0/1 (Table 1).

Biomarker status was recorded in the medical 
chart for a subgroup of patients (Table 2). For 
both naïve patients and switchers, the majority 
of tested patients were neuroblastoma rat sar-
coma (91.3% and 92.4%, respectively) and 
B-rapidly accelerated fibrosarcoma (84.4% and 
89.2%, respectively) negative, microsatellite 
stable (92.5% and 91.3%, respectively), and 
mismatch repair proficient (91.8% and 97.3%, 
respectively); approximately half (46.7% and 
55.6%, respectively) presented with a positive 
Kirsten rat sarcoma mutation.

Treatment regimens and effectiveness
All naïve patients and 96.2% of switchers received 
bevacizumab-awwb in combination with chemo-
therapies. The most commonly used 1L chemo-
therapy regimens were fluorouracil, leucovorin, and 
oxaliplatin (FOLFOX) followed by fluorouracil, 
leucovorin, and irinotecan (FOLFIRI) (Table 3).

Median duration of available follow-up data was 
10.7 (range, 0.7–22.4) months for naïve patients. 
At the end of study follow-up, naïve patients had 
been treated with 1L bevacizumab-awwb for a 
median duration of 5.1 months (range, 0.03–
17.8), and the median duration of 1L chemother-
apy was 6.2 months (range, 0.03–21.2) (Table 3). 
During the study period, 100/129 (77.5%) 
patients had documented disease progression or 
death, among which 46 patients had a record of 
death. The median PFS and OS, estimated from 
the initiation of 1L therapy using Kaplan-Meier 
curve, were 8.6 (95% CI, 7.6–9.9) months and 
17.3 (95% CI, 14.2–19.3) months, respectively 
(Figure 1). The 12-month OS probability was 
estimated to be 71.4% (95% CI, 61.0%–79.5%).

For the switchers, median duration of available 
follow-up data was 15.8 (range, 2.9–39.2) months. 
The median duration of 1L chemotherapy was 
10.2 months (range, 2.6–39.2). The switcher 
cohort had been treated with 1L RP for a median 
of 4.4 months (range, 0.03–22.7) before switch-
ing to bevacizumab-awwb within the 1L, and post 

Characteristic Naïve patients 
(n = 129)

Switchers (n = 105)

Site of initial disease, n (%)

  Colon 98 (70.5%) 78 (72.9%)

  Rectum 37 (28.7%) 25 (23.4%)

  Unknown 4 (3.1%) 4 (3.7%)

Site of metastatic disease, n (%)

  Distant lymph node 33 (25.6%) 27 (25.7%)

  Liver 84 (65.1%) 72 (68.6%)

  Lung 36 (27.9%) 34 (32.4%)

  Otherc 55 (42.6%) 44 (41.9%)

Surgical resection of initial disease, n (%) 50 (38.8%) 44 (41.9%)

aAt initiation of bevacizumab-awwb.
bOther race included American Indian or Alaska Native, Hispanic, or Latino.
cOther sites of metastatic disease included abdominal wall, bone, brain, peritoneum, right abdominal wall, small intestine, 
spleen, adnexal, adrenal, bladder, lesser curvature of the stomach, mediastinum, omentum, ovaries and fallopian tube and 
uterine cervix, paracolic fat, pelvic mass, pelvis, pleura, prostate and seminal vesicles, and small bowel.
1L, first-line; CRC, colorectal cancer; ECOG, Eastern Cooperative Oncology Group; mCRC, metastatic colorectal cancer; 
RP, reference product; SD, standard deviation.

Table 1.  (Continued)
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Table 2.  Biomarker status of patients with mCRC treated with 1L bevacizumab-awwb.

Biomarkera Naïve patients (n = 129) Switchers (n = 105)

KRAS test, n (%) 105 (81.4%) 81 (77.1%)

KRAS status among tested patients, n (%)

  Positive 49 (46.7%) 45 (55.6%)

  Negative 53 (50.5%) 36 (44.4%)

  Otherb 3 (2.9%) 0

BRAF test, n (%) 96 (74.4%) 74 (70.5%)

BRAF status among tested patients, n (%)

  Positive 13 (13.5%) 8 (10.8%)

  Negative 81 (84.4%) 66 (89.2%)

  Otherb 2 (2.1%) 0

NRAS test, n (%) 92 (71.3%) 66 (62.9%)

NRAS status among tested patients, n (%)

  Positive 6 (6.5%) 4 (6.1%)

  Negative 84 (91.3%) 61 (92.4%)

  Otherc 2 (2.2%) 1 (1.5%)

MSI test, n (%) 93 (72.1%) 69 (65.7%)

MSI status among tested patients, n (%)

  Microsatellite instability – high (positive) 3 (3.2%) 2 (2.9%)

  Microsatellite instability – stable (negative) 86 (92.5%) 63 (91.3%)

  Otherd 4 (4.3%) 4 (5.8%)

MMR test, n (%) 96 (75.2%) 74 (70.5%)

MMR status among tested patients, n (%)

  MMR deficient 7 (7.2%) 2 (2.7%)

  MMR proficient 89 (91.8%) 72 (97.3%)

aBiomarker results were reported using the medical value that was recorded closest to metastatic CRC diagnosis.
bUninterpretable test results.
cInsufficient quality or equivocal test results.
dInsufficient quality, equivocal, or undetermined/undocumented test results.
1L, first-line; BRAF, B-rapidly accelerated fibrosarcoma; KRAS, Kirsten rat sarcoma; mCRC, metastatic colorectal cancer; 
MMR, mismatch repair; MSI, microsatellite instability; NRAS, neuroblastoma rat sarcoma.

switch, had been treated with 1L bevacizumab-
awwb for a median duration of 4.4 months (range, 
0.03–19.4) at the end of study period (Table 3). 
During the study period, 86/105 (81.9%) switch-
ers had documented disease progression or death, 

among which 38 patients had a record of death. 
The median PFS and OS, estimated from the ini-
tiation of 1L therapy using Kaplan-Meier curve, 
were 14.1 (95% CI, 12.1–15.8) months and 25.9 
(95% CI, 19.1–31.6) months, respectively. The 
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12-month OS probability was 87.6% (95% CI, 
79.1–92.8%) (Figure 2).

Events of interest
During treatment with 1L bevacizumab-awwb, 
20 protocol-specified EOIs were reported in 18 
naïve patients (14.0%), including eight thrombo-
embolic events, four hemorrhagic events, one 
wound healing complication, one gastrointestinal 
perforation, one proteinuria, three hypertension, 
and two infusion reactions (Table 4). The most 

frequent actions taken following the occurrence 
of an EOI in naïve patients were emergency 
department visit (5.4% of patients), treatment 
hold (4.7% of patients), and treatment discontin-
uation/switch (3.1% of patients). Among switch-
ers, four patients (3.8%) had four protocol-specified 
EOIs, including two thromboembolic events, one 
proteinuria, and one infusion reaction, during 
treatment with 1L bevacizumab-awwb. The most 
frequent actions taken following the occurrence 
of an EOI in switchers were treatment hold (1.9% 
of patients) and treatment discontinuation/switch 

Table 3.  Treatment regimens and effectiveness among patients with mCRC treated with 1L bevacizumab-
awwb.

Treatment Regimens Naïve patients (n = 129) Switchers (n = 105)

Bevacizumab-awwb monotherapy, n (%) 0 3 (2.9%)

In combination with chemotherapy, n (%) 129 (100%) 101 (96.2%)

In combination with immunotherapy,a n (%) 0 1 (<1%)

First-line chemotherapy regimens, n (%)

  FOLFOX 71 (55.0%) 53 (50.5%)

  FOLFIRI 35 (27.1%) 18 (17.1%)

  CAPOX 11 (8.5%) 6 (5.7%)

  FOLFOXIRI 7 (5.4%) 2 (1.9%)

  Other 27 (20.9%) 34 (32.4%)

Duration of 1L RP use prior to switching to bevacizumab-
awwb, months, median (range)

NA 4.4 (0.03–22.7)

Duration of 1L bevacizumab-awwb use, months, median 
(range)

5.1 (0.03–17.8) 4.4 (0.03–19.4)

Duration of 1L chemotherapy, months, median (range) 6.2 (0.03–21.2) 10.2 (2.6–39.2)

Duration of total chemotherapy, months, median (range) 6.6 (0.03–21.2) 10.7 (2.6–39.2)

Effectiveness

PFS from the initiation of 1L therapy, months, median 
(95% CI)

8.6 (7.6–9.9) 14.1 (12.1–15.8)

OS from the initiation of 1L therapy, months, median 
(95% CI)

17.3 (14.2–19.3) 25.9 (19.1–31.6)

12-month OS probability, % (95% CI) 71.4 (61.0–79.5) 87.6 (79.1–92.8)

1L, first-line; CAPOX, capecitabine plus oxaliplatin; CI, confidence interval; FOLFIRI, fluorouracil, leucovorin, and 
irinotecan; FOLFOX, fluorouracil, leucovorin, and oxaliplatin; FOLFOXIRI, fluorouracil, leucovorin, oxaliplatin, and 
irinotecan; mCRC, metastatic colorectal cancer; NA, not applicable; OS, overall survival; PFS, progression-free survival; 
RP, reference product.
aPembrolizumab.
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Figure 2.  Kaplan-Meier estimate of survival probability for patients with mCRC treated with 1L bevacizumab-awwb with prior 
exposure to the RP.
1L, first-line; mCRC, metastatic colorectal cancer; RP, reference product.

Figure 1.  Kaplan-Meier estimate of survival probability for patients with mCRC treated with 1L bevacizumab-awwb who had no prior 
exposure to the RP.
1L, first-line; mCRC, metastatic colorectal cancer; RP, reference product.

(1.9% of patients) (Table 4). None of the EOIs 
reported in the study resulted in death.

Discussion
This retrospective analysis captured the early 
experience of real-world outcomes with 1L beva-
cizumab-awwb use in patients with mCRC, an 
indication approved on the basis of extrapolation. 
One-year OS probability since the initiation of 1L 
therapy was estimated to be 71.4% over a period 
of up to 22 months of available follow-up (median, 
10.7 months) for naïve patients and 87.6% over 
up to 39 months of available follow-up (median, 
15.8 months) for switchers. Bevacizumab-awwb 
appeared to be well tolerated in both naïve 

patients and switchers, with observed EOIs as 
expected and similar to those of RP.6–8,11–13,35

Effectiveness outcomes with bevacizumab-awwb 
in naïve patients were generally consistent with 
those reported in previously published real-world 
studies of 1L RP in patients with mCRC.11,12,34–36 
In two US registry studies (ARIES and BRiTE), 
median PFS of ~10 months and median OS of 
~23 months were reported in mCRC patients who 
had a median duration of 5 months of 1L RP 
use.11,12 However, >80% of patients in these two 
US registry studies underwent surgical resection 
of primary tumor,11,12 while only ~40% of patients 
in our study cohort had prior surgical resection. It 
has been shown in a meta-analysis of clinical trials 
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that mCRC patients with resected primary tumor 
(median PFS, 9–10.8 months; median OS, 20.7–
29.8 months) had better survival than those with-
out surgery of primary tumor (median PFS, 
7–9 months; median OS, 13.4–20 months) when 
treated with 1L RP.37 In addition, there was a 
relatively limited follow-up time in the present 
study (up to 22 months with a median of 
10.7 months for naïve patients), compared to pre-
vious reported real-world data of 1L RP (median 
of ~20 months),11,12 as we aimed to deliver early 
effectiveness data for the biosimilar bevacizumab-
awwb in mCRC. The limited follow-up resulted 
in 64% of patients censored at the end of study 
period due to end of record/follow-up in Kaplan-
Meier analysis of OS, which may have skewed the 

survival curve and led to shorter median OS. The 
1-year OS probability was a more accurate repre-
sentation of survival data and among naïve 
patients treated with bevacizumab-awwb, the 
1-year OS probability (71.4%) was within the 
range of that reported in previous studies of 1L 
RP in mCRC patients (60–74%).12,34 Our results 
were also consistent with data from a most recent 
retrospective, non-inferiority cohort study of 
patients with mCRC in the United States that 
compared treatment outcomes of naïve patients 
initiating bevacizumab-awwb (n = 239) versus his-
torical control group of naïve patients initiating 
RP (n = 1,206), which showed that one-year OS 
with bevacizumab-awwb (72.8%) was non-infe-
rior to that with RP (73.1%).35

Table 4.  EOIs (patient level count) reported for naïve patients and switchers during 1L bevacizumab-awwb-containing treatment: 
overall and according to management.

EOIs Management

Overall Treatment 
hold

Treatment 
discontinuation/
switch

Serious EOI – 
Hospitalization

Emergency 
department 
visit

Supportive care 
medication use

Naïve patients (n = 129)

EOIs (patient count),a 
n (%)

18 (14.0%) 6 (4.7%) 4 (3.1%) 3 (2.3%) 7 (5.4%) 2 (1.6%)

  GI perforation 1 (<1%) 1 (<1%) 0 0 1 (<1%) 0

  Hemorrhage 4 (3.1%) 1 (<1%) 1 (<1%) 1 (<1%) 1 (<1%) 0

  Hypertension 3 (2.3%) 2 (1.6%) 1 (<1%) 0 1 (<1%) 1 (<1%)

  Infusion reaction 2 (1.6%) 1 (<1%) 1 (<1%) 0 0 0

  Proteinuria 1 (<1%) 1 (<1%) 1 (<1%) 0 0 0

 � Thromboembolic 
event

8 (6.2%) 1 (<1%) 1 (<1%) 2 (1.6%) 3 (2.3%) 0

 � Wound healing 
complication

1 (<1%) 0 0 0 1 (<1%) 1 (<1%)

  Switchers (n = 105)

EOIs (patient count),a 
n (%)

4 (3.8%) 2 (1.9%) 2 (1.9%) 0 1 (<1%) 1 (<1%)

  Infusion reaction 1 (<1%) 0 0 0 1 (<1%) 0

  Proteinuria 1 (<1%) 1 (<1%) 1 (<1%) 0 0 1 (<1%)

 � Thromboembolic 
event

2 (1.9%) 1 (<1%) 1 (<1%) 0 0 0

aThe categories of EOIs are not mutually exclusive; >1 EOI can be reported for a patient. Each EOI can result in >1 management.
EOI, event of interest.
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In our study, the survival durations with bevaci-
zumab-awwb were longer in switchers than in 
naïve patients. However, the inclusion of immor-
tal time during which disease progression or death 
could not occur until patients switched to 1L 
bevacizumab-awwb may have biased the survival 
analysis in switchers. To account for this bias 
introduced naturally to switchers, we performed a 
landmark analysis using the methods described 
by Anderson et al.,38 with a similar analysis con-
ducted in naïve patients for data interpretation. 
Landmark analyses have been shown previously 
to account for the potential impact of immortal 
time bias (ITB) on time-dependent events in sur-
vival analyses by excluding patients who have 
experienced the EOI or are censored before the 
landmark time and only including patients who 
have reached the landmark without events.39–44 
Our 6-month landmark analysis of PFS included 
88 naïve patients and 49 switchers who remained 
alive and progression-free at 6 months after initi-
ation of 1L therapy. Kaplan-Meier analysis 
showed that median PFS was numerically com-
parable between the two cohorts of patients: 11.5 
(95% CI, 9.4–13.5) months for naïve patients 
and 10.3 (9.4–13.9) months for switchers 
(Supplemental Figure A). The 6-month land-
mark analysis of OS included 102 naïve patients 
and 53 switchers who remained alive at 6 months 
after start of 1L treatment. The median OS was 
also numerically comparable between naïve 
patients (17.9 [95% CI, 14.5–19.7] months) and 
switchers (17.2 [15.3–not available] months) 
(Supplemental Figure B). Results of our land-
mark analyses suggested that treatment outcomes 
with 1L bevacizumab-awwb were comparable in 
patients with or without prior exposure to the RP 
once ITB was accounted for.

EOIs reported in naïve patients and switchers 
during bevacizumab-awwb–containing treat-
ment were also generally consistent with previ-
ously published data for mCRC patients treated 
with 1L RP6–8,11–13,35 and consistent with adverse 
reactions described in bevacizumab-awwb labe-
ling.24 The aforementioned non-inferiority 
cohort study in mCRC patients confirmed that 
no significant differences in serious adverse 
events were detected between bevacizumab-
awwb and RP treatment groups.35 In our study, 
the proportion of patients with protocol-speci-
fied EOIs appeared to be higher in naïve patients 
than that in switchers. However, the switchers 
were previously treated with bevacizumab RP 
and the patients who had EOIs while on RP 

could have discontinued the treatment and 
therefore, were not included in the present anal-
ysis (i.e. selection bias).

Biosimilars are an alternative, potential cost-
saving treatment option, and clinical data of a 
biosimilar in indications that were extrapolated 
are of great interest to physicians and 
patients.26,27 American Society of Clinical 
Oncology issued a position statement on the use 
of biosimilars underscoring the need for post-
marketing evidence development.28 Effectiveness 
and safety data of bevacizumab-awwb in mCRC 
remain limited. This real-world study provides 
an early experience of 1L bevacizumab-awwb 
use longitudinally in a tumor type where a clini-
cal trial was not conducted. Our data, as well as 
the recent results from the non-inferiority cohort 
study,35 showed that 1L bevacizumab-awwb 
appeared to be well tolerated and effective for 
the treatment of patients with mCRC in real-
world setting and the effectiveness outcomes 
with 1L bevacizumab-awwb seemed compara-
ble to those previously reported real-world data 
of 1L RP.11,12,34,36

Our study has several limitations. First, compared 
to 1L RP in mCRC real-world studies,11,12 this 
retrospective analysis of 1L bevacizumab-awwb 
had a relatively short follow-up time, which needs 
to be taken into consideration when interpreting 
the OS data, especially for naïve patients. With 
the limited follow-up data, the 12-month OS 
probability may more accurately reflect the sur-
vival outcome for our study population and the 
results show that it is in line with previous publi-
cations. Second, most patients in this study were 
treated in a community practice setting. 
Generalization of data from this analysis to aca-
demic treatment settings may not be appropriate. 
However, the ConcertAI Oncology Dataset 
includes a consolidated EMR database derived 
from networks of geographically diverse oncology 
practices that are members of multiple group pur-
chasing organizations. As a result, patient data 
from the dataset were representative in terms of 
mCRC patient population coverage in the United 
States. Another important limitation is the pres-
ence of ITB for switchers. Patients who switched 
from the RP to bevacizumab-awwb had to survive 
to the time point of switching, which introduced 
the ITB for estimates of OS and PFS. When 
interpreting the survival outcome data for the 
group of switchers, such selection bias needs to be 
considered. As discussed above, the ITB and its 
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potential impact on OS and PFS in switchers 
have been accounted for in the landmark analysis 
(Supplemental figure).

Conclusions
This real-world study in US community-based 
oncology practices showed that 1L bevacizumab-
awwb treatment was effective and well tolerated 
in patients with mCRC who either initiated ther-
apy with the biosimilar bevacizumab-awwb or 
switched from RP to bevacizumab-awwb. 
Treatment outcomes observed with 1L bevaci-
zumab-awwb were generally consistent with pre-
viously published real-world data for mCRC 
patients treated with 1L RP.
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