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Abstract

Introduction: Clinical trials have shown that bevacizumab, a vascular endo-
thelial growth factor (VEGF) inhibitor is effective in treating metastatic colo-
rectal cancer (mCRC). Available evidence suggests that it is more effective in
combination with chemotherapy acting in synergy. In this study, we assessed
the efficacy and safety of bevacizumab combined with capeOX/FOLFOX or
FOLFIRI emphasizing which combination therapy is best as a first, second, or
third-line treatment for mCRC. Material and method: We reanalyzed second-
ary data from the DRYAD database that contained follow-up information on
the combination use of bevacizumab with either capeOX/FOLFOX or FOLFIRI
to treat mCRC. 147 mCRC patients were involved and the data was collected
until December 30, 2019. Kaplan-Meier survival curves, Log-Rank tests, and
Cox proportional hazards models were employed for analysis. All analyses
were conducted using SPSS version 27. Results: From univariate analyses,
higher ECOG status (HR 1.411, 95% CI: 1.137-1.977, p = 0.019), radical sur-
gery of the primary organ (HR 0.649, 95% CI: 0.348-0.909, p = 0.033), the
presence of 22 metastatic sites (HR 1.638, 95% CI: 1.189-1.907, p = 0.014), and
the type of chemotherapy used (HR 0.563, 95% CI: 0.316-0.971, p = 0.036)
were significantly associated with overall survival (OS). Multivariate analy-
sis showed type of chemotherapy used (HR 0.463, 95% CI: 0.216-0.992, p =
0.048) as an independent predictor of OS. Kaplan-Meier survival analysis
showed that patients receiving bevacizumab plus FOLFIRI as a second-line
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therapy had better progression-free survival (PFS) Conclusion: Type of
chemotherapy combined with bevacizumab independently influences over-
all survival (OS) in mCRC patients. Bevacizumab showed greater efficacy in
extending progression-free survival (PFS) when paired with FOLFIRI ra-
ther than capeOX or FOLFOX.

Keywords

Bevacizumab, PES, FOLFIRI, capeOX, FOFOX,
Colorectal Cancer

1. Introduction

Colorectal cancer (CRC) ranks as the third most prevalent cancer and the second
leading cause of cancer-related mortality worldwide [1]. In China advanced or
metastatic CRC (mCRC), constitute about 20% of the total CRC cases, majority of
which are often diagnosed at stage III or IV [2]. Despite advancements in survival
rates, mCRC continues to be a fatal condition, with a 5-year survival rate of about
15.7% [3]. Over the last two decades, substantial progress has been made in CRC
treatment. The median survival for patients with mCRC undergoing multimodal
therapy now exceeds 25 months, yet the prognosis for these patients remains subop-
timal [3] [4].

Metastatic colorectal cancer (mCRC) treatment varies globally based on health-
care resources and access to modern therapies, but systemic therapy remains the
standard approach. First-line treatment typically involves chemotherapy regimens
like FOLFOX (folinic acid, 5-FU, oxaliplatin) or FOLFIRI (folinic acid, 5-FU, iri-
notecan) [5], often combined with targeted biologics. Bevacizumab, an anti-VEGF
agent, is commonly used in RAS-mutant tumors at 5 mg/kg biweekly or 7.5 mg/kg
every 3 weeks. For RAS wild-type tumors, especially left-sided ones [6], anti-EGFR
drugs like cetuximab (400 mg/m?loading, then 250 mg/m? weekly) or panitumumab
(6 mg/kg biweekly) are used. In advanced settings, molecular profiling enables
personalized treatments—BRAF V600E mutations are treated with BRAF inhibi-
tors (e.g., encorafenib) plus EGFR inhibitors [7], while MSI-high or mismatch re-
pair-deficient tumors respond to immune checkpoint inhibitors like pembroli-
zumab or nivolumab [8].

Currently, the standard treatment for mCRC remains a combination chemo-
therapy regimen, mostly either FOLFOX (folinic acid, fluorouracil, and oxali-
platin) or FOLFIRI (folinic acid, fluorouracil, and irinotecan), with the anti-
VEGF antibody bevacizumab as the targeted therapy [9]. Bevacizumab func-
tions by inhibiting VEGF, a protein that acts as an endothelial growth factor,
facilitating the formation of new blood vessels that tumors rely on to sustain
their growth [10]. The combination of bevacizumab with either CapeOX/FOL-
FOX or FOLRIRI is the most widely used regimen to date due to availability and
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affordability. Despite this wide spread use hoverer, a pivotal question persists:
Does the continued administration of bevacizumab as a second or third line
therapy following disease progression provide any discernible clinical advan-
tage? While certain studies suggest its effectiveness as a second or third-line
treatment for mCRC, particularly in enhancing progression-free survival (PES)
[11] [12], the existing evidence remains insufficient to draw definitive conclu-
sions.

In this retrospective study, we investigated and compared the efficacy of bevaci-
zumab combined with capeOX/FOLFOX or FOLFIRI as first, second, or third-line
treatment for mCRC. We evaluated the outcomes of bevacizumab combined with
either of these two chemotherapy regimens in terms of overall survival (OS) and

progression-free survival (PES).

2. Materials and Methods

This was a secondary data analysis conducted on dataset obtained from the pub-
licly accessible DRYAD database (https://datadryad.org/) whose policy states that
the data can be used, modified, shared, and redistributed for both commercial and
non-commercial purposes without the need for permission, as long as the original
author is cited accordingly. Since the data was secondary and publicly available,
there was no requirement for ethical approval. The dataset, pertaining to treatment
of colorectal cancer using bevacizumab in combination with either capeOX/FOL-
FOX or FOLFIRI is freely available for download and reuse with proper citation
from the Dryad Digital Repository https://doi.org/10.5061/dryad.ft5sk66. One
hundred and fifty four metastatic colorectal cancer patients who underwent
bevacizumab-based chemotherapy were initially screened for eligibility. Ex-
cluded were those with no pathological diagnosis, no measurable metastatic
tumors, and missing drug prescription data. Based on these criteria, seven pa-
tients were excluded, leaving 147 participants (Figure 1). Eligible patients re-
ceived bevacizumab in combination with capeOX/FOLFOX or FOLFIRI regi-
mens, administered as a first, second, or third-line treatment. Bevacizumab was
administered intravenously (IV) at a dose of either 5 mg/kg or 7. mg/kg over a
90-minute period every 2 or 3 weeks, prior to the initiation of chemotherapy.
capeOX regimen involved oxaliplatin administered at a dose of 130 mg/m?*
through a 2 - 6 hour infusion on day 1, alongside Xeloda at a dose of 1 g/m?*
taken twice daily from day 1 to day 14, repeated every 3 weeks. The FOLFOX
regimen consisted of oxaliplatin (85 mg/m?) IV over 2 hours, leucovorin (400
mg/m?) IV over 2 hours, and an IV bolus of 5-FU (400 mg/m?), followed by 46
hours of continuous 5-FU IV (2,400 mg/m?). While, the FOLFIRI regimen
comprised irinotecan (180 mg/m?*) administered via IV infusion over 2 hours,
followed by leucovorin (400 mg/m?) IV over 2 hours. This was succeeded by an
IV bolus of fluorouracil (5-FU) (400 mg/m?), followed by continuous 5-FU IV
(2,400 mg/m?) over 46 hours.
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Total patients screened

(n=154)

Excluded (n=7)

\4

Reason: Missing follow up data

Enrolled (n = 147)

Figure 1. Patients’ selection criteria.

2.1. Definition of Terms

For the purposes of this study, left-sided colorectal cancer (CRC) was defined as
rectal, sigmoid, and left transverse colon cancers, while right-sided CRC was de-
fined as right transverse colon, ascending colon, and appendiceal cancers. Data
were gathered on demographics, treatment outcomes, and adverse events. Overall
survival (OS) was defined as the time from the initiation of bevacizumab treat-
ment to death from any cause or the last outpatient visit, while progression free
survival (PFS) was defined as the time from when the patient started treatment to
when they got a relapse. Since the data were anonymous, informed consent was

not required.

2.2. Adverse Event

Hypertension was classified according to the Common Terminology Criteria for
Adverse Events, version 4.03 (CTCAE v4.03), as follows: Grade 1, prehyperten-
sion (systolic blood pressure (BP) between 120 - 139 mm Hg or diastolic BP be-
tween 80 - 89 mm Hg); Grade 2, stage 1 hypertension (systolic BP between 140 -
159 mm Hg or diastolic BP between 90 - 99 mm Hg), with medical intervention
recommended for recurrent or persistent increases lasting more than 24 hours, or
for symptomatic increases exceeding 20 mm Hg (diastolic) or reaching > 140/90
mm Hg if previously within normal limits, necessitating monotherapy; Grade 3,
stage 2 hypertension (systolic BP 2160 mm Hg or diastolic BP > 100 mm Hg),
requiring medical intervention and possibly the use of multiple drugs or more
intensive therapy than previously administered; Grade 4, life-threatening conse-
quences (such as malignant hypertension, transient or permanent neurological

deficits, or hypertensive crisis), demanding urgent intervention; Grade 5, death.

2.3. Statistical Analysis

The baseline characteristics between the two groups were compared using the chi-
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square test for categorical variables and the Kruskal-Wallis test for continuous
variables. The Kaplan-Meier method was employed to assess the relationship be-
tween chemotherapy used and overall survival (OS), with comparisons between
the two groups made using the log-rank test. Univariate and multivariate analyses
of the patients’ baseline characteristics and chemotherapy were conducted using
Cox proportional hazards models. The results were expressed as hazard ratios
(HR) along with 95% confidence intervals (95% CI). A two-tailed P-value of less
than 0.05 was considered statistically significant for all analyses. All statistical pro-

cedures were carried out using SPSS version 27.

3. Results

3.1. Baseline Characteristics and Clinical Outcomes

Between January 2018 and December 2019, a total of 154 consecutive patients
were screened through the electronic health record system, with 147 cases ulti-
mately included. The final data collection date was December 30, 2019, by which
time 57 patients (38.7%) had been reported as deceased. The median follow-up
duration for deceased patients was 11.2 months (range, 0.2 to 60 months), while
for censored patients, it was 6.8 months (range, 0.1 to 58 months). Seven patients
were excluded due to missing follow-up data. A comparison of the baseline char-

acteristics between the included patients is presented in Table 1.

Table 1. Baseline characteristics of included patients.

Combination chemotherapy

capeOX/FOLFOX FOLFIRI

Variables (0 =75) (n=72) P value
Mean age + SD, years 552 +11.3 56.2 £ 13.5 0.804
Mean BMI = SD, kg/m? 22.7+4.2 21.7+4.1 0.653
Sex (%) 0.638
Male 45 (59.2) 38 (53.9)
Female 30 (40.8) 34 (46.1)
WHO performance status (%) 0.007*
0-1 37 (59.2) 32 (35.5)
2-4 38 (40.8) 40 (64.5)
Differentiation (%) 0.751
No/low 15 (19.7) 13 (18.4)
Middle/High 60 (67.6) 59 (64.5)
Primary site (%) 0.296
Right 21 (22.5) 19 (31.6)
Left 54 (77.5) 53 (68.4)
Surgery of primary organ (%) 0.057
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Continued
None 30 (32.4) 09 (21.1)
Palliative 21 (26.8) 12 (18.4)
Radical 24 (40.8) 51 (60.5)
No. of metastatic sites (%) 0.076
1 33 (45.1) 26 (35.5)
>2 42 (33.8) 46 (26.3)

Note: BMI = body mass index. SD: Standard deviation. capeOX = capecitabine + oxali-
platin. FOLFOX = oxaliplatin + fluorouracil + calcium folinate. FOLFIRI = Irinotecan +
fluorouracil + calcium folinate.

3.2. Outcomes

We conducted both univariate and multivariate Cox regression analyses to inves-
tigate the relationship between baseline characteristics, chemotherapy used, and
patient survival. The results are presented in Table 2. In the univariate analyses, a
higher ECOG performance status (HR 1.411, 95% CI: 1.137 - 1.977, p = 0.019),
radical surgery of the primary organ (HR 0.649, 95% CI: 0.348 - 0.909, p = 0.033),
the presence of 22 metastatic sites (HR 1.638, 95% CI: 1.189 - 1.907, p = 0.014),
and the type of chemotherapy used (HR 0.563, 95% CI: 0.316 - 0.971, p = 0.036)
were found to be significantly associated with overall survival. These variables
were subsequently included in the multivariate analysis, which identified the type
of chemotherapy used (HR 0.463, 95% CI: 0.216 - 0.992, p = 0.048) as an inde-
pendent predictor of overall survival. Kaplan-Meier survival analysis further indi-
cated that patients receiving bevacizumab plus FOLFIRI as a second-line therapy

had better progression-free survival (PFS) (Figure 2).

Table 2. Adverse events of bevacizumab therapy between capeOX/FOLFOX and FOLRIRI
chemotherapy use.

Variables capeOX/FOLFOX FOLFIRI P value
(n=75) (n=72)
Hypertension (CTC), n (%) 0.314
Normal 30 (40.0) 28 (38.9)
CTC1-2 34 (45.3) 36 (50.0)
CTC 3-4 11 (14.7) 8 (11.1)
Proteinuria, n (%) 0.198
No 70 (93.3) 69 (95.8)
Yes 5(6.7) 3(4.2)
Bleeding, n (%) 0.811
No 73 (97.3) 71 (98.6)
Yes 2(27) 1(1.4)
Thrombosis, n (%) 0.118
No 74 (98.7) 72 (100)
Yes 1(1.3) 0 (0.0)
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Figure 2. Kaplan-Meier survival analysis. A: Overall survival; B: Progression free survival
as a first line; C: Progression free survival as a second line; D: Progression free survival as
a third line or more.

3.3. Adverse Events

The median duration of chemotherapy was 8.1 months (range, 0.2 to 58 months).
For patients receiving first-line bevacizumab-based treatment (n = 71), the me-
dian duration was 6.6 months (range, 0.2 to 58). The median durations for those
who received second-line (n = 21) and subsequent-line therapies (n = 31) were 8.2
months (range, 1.3 to 53) and 5.1 months (range, 0.1 to 27), respectively. Hyper-
tension was the primary adverse event associated with bevacizumab, and no sta-
tistically significant difference in adverse events was observed between the
capeOX/FOLFOX and FOLFIRI groups (Table 3).

Table 3. Cox regression analysis of patients’ characteristics as predictors of survival.

Univariate analyses Multivariate analyses
Variable Subgroup HR 95% CI p-value HR 95% CI p-value
<60 1 1
Age, years
=60 1.332 0.772 - 2.298 0.303 1.011 0.513 - 2.997 0.491
Female 1 1
Gender
Male 1.099 0.649 - 1.859 0.726 1.134 0.365 - 3.112 0.613
0-1 1 1
ECOG
2-4 1.411 1.137 - 1.977 0.019* 0.981 0.299 - 1.882 0.189
No/low 1 1
Differentiation
Middle/high 0.716 0.388 - 1.322 0.286 0.871 0.422 - 1.672 0.712
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Continued
Right 1 1
Primary site
Left 0.938 0.512 - 1.718 0.836 1.009 0.489 - 2.131 0.799
None 1 1
Surgery of _
) Palliative 0.747 0.636 - 1.537 0.428 0.898 0.511 - 1.872 0.543
primary organ
Radical 0.649 0.348 - 0.909 0.033* 0.911 0.478 - 1.323 0.096
No. of 1 1 1
metastatic sites >2 1.638 1.189 - 1.907 0.014* 1.219 0.498 - 3.112 0.239
Chemotherapy ~ capeOX/FOLFOX 1 1
used FOLFIRI 0.563 0.316 - 0.971 0.036* 0.463 0.216 - 0.992 0.048*
Line of 1*line 1 1
treatment >2m Jine 0.841 0.618 - 1.752 0.081 0.899 0.324 - 1.311 0.072

4. Discussion

Bevacizumab is a monoclonal antibody used in the treatment of metastatic colo-
rectal cancer (mCRC) due to its ability to inhibit angiogenesis, the process by which
tumors develop new blood vessels to support their growth. By binding to and neu-
tralizing vascular endothelial growth factor (VEGF), a protein responsible for pro-
moting blood vessel formation, bevacizumab effectively reduces the tumor’s abil-
ity to grow and spread. In this retrospective cohort study, we compared the effi-
cacy and adverse effects of bevacizumab combined with capeOX/FOLFOX, versus
bevacizumab combined with FOLFIRI in treating mCRC across the different lines
of therapy (1%, 2™ and 3"line or above).

Our findings revealed that bevacizumab was more effective in prolonging PES
among mCRC patients when combined with FOLFIRI than with capeOX/FOL-
FOX (HR 0.463 [95% CI: 0.216 - 0.992], p = 0.048). Multivariate Cox regression
analysis showed that the combination of bevacizumab and FOLFIRI significantly
improved PFS (HR 0.463 [95% CI: 0.216 - 0.992], p = 0.048) compared to bevaci-
zumab and capeOX/FOLFOX. This result is consistent with those of Yamazaki et
al [13] who compared the two regimens in a randomized open label phase III trial
and found the median PFS for FOLFIRI + Bevacizumab (n = 197) and mFOL-
FOX6 + Bevacizumab (n = 198) to be 12.1 and 10.7 months, respectively [HR,
0.905; 95% confidence interval (CI) 0.723 - 1.133; p = 0.003 for non-inferiority].
Similarly, Aranda et al. [14] compared the two regimens and found that Median
PFS was 12.4 months (95% CI 11.2 to 14.0) with FOLFIRI-Bevacizumab and 9.3
months (95% CI 8.5 to 10.7) with FOLFOX-Bevacizumab (stratified HR, 0.64;
95% CI 0.49 to 0.82; p = 0.0006).

Why the combination of bevacizumab and FOLFIRI (fluorouracil, leucovorin,
and irinotecan) has been shown to improve progression-free survival (PFS) in met-
astatic colorectal cancer (mCRC) patients more effectively than bevacizumab and
FOLFOX (fluorouracil, leucovorin, and oxaliplatin) could be due to the distinct

mechanisms of action of irinotecan and oxaliplatin, the key drugs in FOLFIRI and
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FOLFOX respectively. Irinotecan, a topoisomerase inhibitor [15], is particularly ef-
fective against tumors with specific genetic mutations and has demonstrated a better
synergy with bevacizumab in targeting the tumor microenvironment, particularly
in reducing vascular endothelial growth factor (VEGF) signaling, which is crucial
for tumor growth [16] [17]. Additionally, irinotecan can induce more significant
tumor cell apoptosis and enhance chemotherapy efficacy [18]. This combination,
therefore, may be more potent in inhibiting tumor progression compared to FOL-
FOX, where oxaliplatin’s mechanisms may not always align as efficiently with bevaci-
zumab’s action on angiogenesis in mCRC. In this study, this synergistic effect was
only significant when the combination of bevacizumab and FOLFIRI were used as
a second line drug. The reason for this remains unknown.

In this study, the rate of all adverse events monitored were not significant be-
tween the two groups. Bevacizumab therapy is often associated with increased rate
of hypertension [19], however, its combination with either capeOX/FOLFOX or
FOLFIRI did not significantly increase the rate of hypertension in one group more
than the other.

Our study had a few important limitations. Firstly, it was a small, single-centre
study, which could introduce bias due to unaccounted and unmeasured confound-
ing factors. Secondly, the sample size was limited, even with the extended follow-up
period and broad inclusion criteria. To better understand why the bevacizumab-
FOLFIRI combination is more effective in improving PFS in mCRC patients as a

second-line treatment, larger-scale prospective studies are needed in the future.

5. Conclusion

In conclusion, our findings indicate that type of chemotherapy used in combina-
tion with bevacizumab is an independent predictor of OS when managing mCRC
patients. Furthermore, bevacizumab was more effective in prolonging progres-
sion-free survival (PFS) in mCRC patients when combined with FOLFIRI com-
pared to capeOX or FOLFOX. This may be due to the superior synergy between
irinotecan, the primary drug in FOLFIRI, and bevacizumab, as opposed to oxali-
platin, the main drug in FOLFOX. This effect was particularly pronounced when
used as a second-line treatment. Larger-scale prospective studies are required to

confirm these results.
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