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There are many treatments for metastatic colorectal cancer (mCRC). Among

them, uncertainty remains especially concerning the clinical benefit of different

regimens for left-sided RASwild-type (WT)mCRC in the triple-drug therapy era.

No studies have been conducted to answer this critical clinical issue. We

performed a comprehensive analysis of published data and real-world data.

First, we conducted analyses of the published trials to show the landscape of

efficacy and safety in the treatments of left-sided RAS WT mCRC. Then, we

initiated a multicenter real-world study as the validation dataset. This study

included six published randomized controlled trials (RCTs) and a total of

1925 patients. The double-drug regimen plus cetuximab/panitumumab (D +

C/P) achieved the longest overall survival (OS) in patients with left-sided mCRC

(HR = 0.74, 95%CI: 0.57–0.98), while triple-drug regimen with bevacizumab (T

+ B, HR = 1.1, 95%CI: 0.63–2.0), comparedwith double-drug with bevacizumab

(D + B). The D + C/P had the highest overall response rate (ORR) in patients with

left-sided mCRC (OR = 1.8, 95%CI: 0.89–3.8), while T + B (OR = 1.8, 95%CI:

0.70–4.8), compared with D + B. The multicenter real-world cohort showed

the double-drug regimen plus cetuximab had longer progression-free survival

(PFS) in left-sided mCRC patients than the triple-drug regimen with

bevacizumab. The safety analysis showed the incidence of the adverse

events (grade≥3) in the triple-drug therapy plus bevacizumab was higher

than that in the double-drug therapy plus cetuximab/panitumumab. This

work demonstrates the ranking of three regimens for therapeutic efficacy
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and safety in patients with left-sided RAS WT mCRC. The double-drug regimen

plus cetuximab/panitumumab appears more effective and safer than double-

drug and triple-drug based regimens with bevacizumab. Further trials and

cohort analyses on this topic would increase confidence in these results.
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Introduction

Colorectal cancer (CRC), accounting for about 10% of

cancer-related mortality worldwide, is the third most common

cancer, with an estimated 1.8 million new cases globally in

2018 (Bray et al., 2018). The 5-year relative survival is 71–90%

for locoregional disease and 14% for distant-stage disease in

the United States of America (United States) (Nitsche et al.,

2011). The backbone of first-line chemotherapies for

metastatic CRC (mCRC) consists of fluoropyrimidine (FP)

[intravenous (IV) 5-fluorouracil (5-FU) or oral capecitabine]

in various combinations and schedules (Tournigand et al.,

2004; Haller et al., 2005; Sargent et al., 2011; Van Cutsem et al.,

2016; NCCN Clinical Practice Guidelines in oncology, 2020;

NCCN Clinical Practice Guidelines in oncology, 2021). The

current guidelines advocate the combinations of the FP with

oxaliplatin (FOLFOX: 5-FU, leucovorin, and oxaliplatin) or

irinotecan (FOLFIRI: 5-FU, leucovorin, and irinotecan) (Van

Cutsem et al., 2016; NCCN Clinical Practice Guidelines in

oncology, 2020; NCCN Clinical Practice Guidelines in

oncology, 2021). Recently, new data have emerged on using

triple-drug chemotherapy with 5-FU, leucovorin, oxaliplatin,

and irinotecan, named FOLFOXIRI (Assenat et al., 2011;

Fornaro et al., 2013; Loupakis et al., 2014; Cremolini et al.,

2018).

Targeted therapy using monoclonal antibodies binding to the

epidermal growth factor receptor (EGFR) or the vascular

endothelial growth factor (VEGF) is currently considered to

be the standard therapy for the first-line treatment of mCRC

(Nordlinger et al., 2009). A large meta-analysis showed that left-

sided colon cancer is associated with a 19% reduced risk of death

than right-sided colon cancer, independently of TNM stage, race,

adjuvant chemotherapy, year of the studies, and the number of

enrollment (Petrelli et al., 2017). A previous meta-analysis

compared the efficacy and safety outcomes of bevacizumab,

panitumumab, or cetuximab with chemotherapy in mCRC. It

showed that cetuximab, closely followed by panitumumab, was

the most effective treatment in left-sided RAS wild-type (WT)

mCRC, and bevacizumab was more effective in right-sided

mCRC (Wu et al., 2020). Still, in the previous works, the

differences between triple-drug and double-drug backbone

chemotherapy were not considered. Thus, uncertainty remains

concerning the clinical benefit of different regimens for left-sided

RAS WT mCRC in the triple-drug therapy era.

Therefore, we performed a comprehensive analysis of the

published data and real-world data. First, we conducted a

network meta-analysis (NMA) analysis of the published

trials to show the landscape of the treatments in left-sided

RAS WT mCRC. Then, according to the NMA results, we

initiated a real-world multicenter study as the validation

dataset. We hope this study can guide clinicians in

individual decision-making in treating left-sided RAS

WT mCRC.

Methods

Part 1: NMA in the published trials

The study was registered in PROSPERO (CRD42022329992).

Literature search

The present study was carried out according to the

Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) guidelines (Selcuk, 2019). The

meta-analysis was designed based on the PICOS principle

(Aslam and Emmanuel, 2010). PubMed, Embase, and the

Cochrane Library were searched for potentially eligible

studies published from inception up to May 2021 using the

MeSH terms of “colorectal cancer”, “chemotherapy”,

“molecular targeted therapy”, “cetuximab”, “panitumumab”,

and “bevacizumab”, as well as relevant keywords. Then, two

investigators screened the retrieved records and retrieved full-

text articles according to the inclusion and exclusion criteria.

Disagreements were solved by discussion until a consensus

was reached. The reference lists of the retrieved articles were

also searched for additional potentially eligible studies. If

multiple papers reported the same trial, only the most

recent one was kept.

Eligibility criteria

The inclusion criteria were 1) patients: adult (>18 years)
patients with RAS WT mCRC, 2) interventions: first-line

double-drug (FOLFOX or FOLFIRI) chemotherapy combined
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with cetuximab, panitumumab, or bevacizumab or first-line

triple-drug therapy (FOLFOXIRI) with cetuximab,

panitumumab, or bevacizumab, 3) outcome: overall survival

(OS, ORR, or PFS, 4) study design: randomized controlled

trials (RCTs), 5) published in English, and 6) the full text was

available. The exclusion criteria were 1) data about left-sided

mCRC were not reported, 2) insufficient data for meta-analysis,

or 3) non-human studies.

Study selection

Supplementary Figure S1 presents the study flowchart. The

initial search yielded 2,494 records, and three additional records

were identified through the manual search of reference lists. After

removing 606 duplicates, 1891 records were screened. We

excluded 69 meta-analyses, 211 protocol publications,

86 conference abstracts, 20 editorials, 577 reviews, and

97 notes/reports/surveys/letters. 11 publications cannot be

identified, and 23 full-text cannot be retrieved. For the

remaining 797 articles, we excluded 380 articles that were not

relevant to the present study hypothesis, 76 articles that were

irrelevant with RAS wild-type metastatic colorectal cancer,

271 articles irrelevant with first-line double-drug/triple-drug

chemotherapy regimen combined with cetuximab,

panitumumab or bevacizumab, four articles not reporting left-

sided primary tumor data, 23 articles not reporting OS, ORR, and

PFS, 16 articles were the update of previous studies and 21 non-

English publications. Finally, six RCTs were selected for

the NMA.

Data extraction

Study characteristics (name of the trial, start date of the trial,

country where the trial was performed, experimental arm,

control arm, and sample size), patients’ characteristics (sex,

age, and mutations), the primary outcome (OS with follow-up

duration), and secondary outcomes (ORR and PFS with follow-

up duration) were extracted by two investigators following a

standardized form. Discrepancies in the assessment were solved

by discussion. All the safety data (Adverse events (AEs)) of the six

RCTs have been included.

Quality of the evidence

The level of the evidence of all articles was assessed

independently by two investigators according to the Version

two of the Cochrane risk-of-bias assessment tool (ROB 2) for

evaluating RCTs (Sterne et al., 2019). Discrepancies in the

assessment were resolved through discussion until a consensus

was reached.

Geometry of the network

A network plot was drawn to describe and present the

geometry of the treatment network of comparisons across

trials to ensure that an NMA was feasible. Trials were

excluded if they were not connected to treatments. Network

geometry used nodes to represent different interventions and

edges to represent the head-to-head comparisons (Rouse et al.,

2017; Higgins et al., 2020).

Part 2: The real-world multicenter study in
the validation dataset

The colorectal cancer cases in the validation retrospective

cohort (n = 92) were collected between April 2013 and May

2022 in Xiangya hospital and Hunan People’s Hospital.

Informed consent was obtained from the recruited patients,

and the study protocols were approved by the Ethics

Committees of the Xiangya hospital. Included patients meet

the following criteria: 1) pathological diagnosis of colorectal

cancer; 2) clinical diagnosis of advanced; 3) receipt of first-line

cetuximab + chemotherapy with FOLFOX or FOLFIRI;

Bevacizumab + FOLFOXIRI; and 4) no severe or fatal

diseases. Exclusion criteria were as follows: less than four

cycles of chemotherapy.

The follow-up (terminated on 30 April 2022) period was

defined as the interval between the date of random assignment

and that of the patient’s death or the last follow-up. The primary

study endpoints were PFS, defined as the time from the initial

therapy date to tumor progression, death from any cause, or the

last follow-up before the initiation of second-line therapy. Every

2 months, the response to treatment was evaluated by computed

tomography scans according to the Response Evaluation Criteria

in Solid Tumors (RECIST, version 1.1). (Supplementary

Table S2).

Statistical analysis

All statistical analyses were conducted using R version

4.0.2 (The R Project for Statistical Computing, www.r-project.

org). NMAs were performed using the gemtc 0.8-8 library,

which is based on the Bayesian probability framework.

Because significant heterogeneity among studies was

expected due to differences in methodology, drugs, and

patient populations, the random-effects model was used for

all analyses. OS and PFS were reported as hazard ratios (HRs)

with corresponding 95% confidence intervals (CIs). The ORR

was reported as odds ratios (ORs) with corresponding 95%

CIs. Forest plots were used to show each treatment’s effect

sizes (HR and OR) compared to double-drug therapy with

bevacizumab. All network models were run for a minimum of
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100,000 iterations to ensure convergence. A subgroup

analysis was performed in patients with both RAS/BRAF

WT. The probability for each treatment was determined to

be the best, second best, third best, and so forth options.

The results were plotted in a rankogram. Two-sided

p-values <0.05 were considered statistically significant.

AEs rates and their corresponding 95% confidence intervals

were estimated using both a fixed-effects model and a random-

effects model. The log-rank test and Kaplan-Meier

plotter had been used in the survival analysis of real-world

cohort.

Results

Study characteristics and quality
assessment of NMA analysis

The characteristics of included studies are presented in

Supplementary Table S1. Two studies were from North

America (Venook et al., 2017; Hurwitz et al., 2019), two were

from Italy (Cremolini et al., 2015; Cremolini et al., 2017), and two

were performed across at least two continents (Heinemann et al.,
2014; Rivera et al., 2017). The total number of patients with left-

sided mCRC was 1925. Two trials compared two double-drug

FIGURE 1
Overall survival (OS) in overall and the subgroup of RAS/BRAF wild-type patients. Overall: (A) The rank probability of the benefits of the
treatments. (B) Network of eligible comparisons for network meta-analysis. (C) Forest plot of comparisons to double-drug regimen plus
bevacizumab. RAS/BRAF WT: (D) The rank probability of the benefits of the treatments. (E) Network of eligible comparisons for network meta-
analysis. (F) Forest plot of comparisons to double-drug regimen plus bevacizumab. (N = 1925, B: bevacizumab; C: cetuximab; D: double-drug;
P: panitumumab; T: triple-drug.)

TABLE 1 Synthesis of odds ratios according to the network meta-
analysis (ORR, OS, and PFS).

D + B D + C/P T + B

OS

D + B D + B 0.745 (0.568, 0.981) 1.136 (0.624, 2.073)

D + C/P 1.342 (1.019, 1.761)* D + C/P 1.524 (0.789, 2.958)

T + B 0.88 (0.482, 1.601) 0.656 (0.338, 1.268) T + B

ORR

D + B D + B 1.791 (0.883, 3.805) 1.79 (0.701, 4.735)

D + C/P 0.558 (0.263, 1.133) D + C/P 0.999 (0.306, 3.308)

T + B 0.559 (0.211, 1.427) 1.001 (0.302, 3.27) T + B

PFS

D + B D + B 0.852 (0.613, 1.143) 0.801 (0.518, 1.272)

D + C/P 1.174 (0.875, 1.632) D + C/P 0.94 (0.563, 1.674)

T + B 1.249 (0.786, 1.93) 1.064 (0.597, 1.777) T + B

B, bevacizumab; C, cetuximab; D, double-drug; P, panitumumab; T, triple-drug.

OS, overall survival; ORR, overall response rate; PFS, progression-free survival.

*p < 0.05.
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regimens (Heinemann et al., 2014; Venook et al., 2017), and four

compared triple-drug vs. double-drug regimens (Cremolini et al.,

2015; Cremolini et al., 2017; Rivera et al., 2017; Hurwitz et al.,

2019). The median follow-up ranged from 22.2 to 48.1 months.

Four studies reported the BRAFWT status. Quality assessment of

the included RCTs is presented in Supplementary Figure S2

according to ROB 2. Only one RCT had a low risk of bias for all

items (Cremolini et al., 2017). All other trials had at least one item

with an unclear risk of bias (Heinemann et al., 2014; Cremolini

et al., 2015; Rivera et al., 2017; Venook et al., 2017; Hurwitz et al.,

2019).

OS of NMA analysis

Figure 1 shows the network of the eligible comparisons for

OS of the NMA. Five trials could be included in the analysis of the

OS. According to the rank probability plot, compared with the

double-drug therapy with bevacizumab, the double-drug

regimen plus cetuximab/panitumumab achieved the longest

OS in patients with left-sided mCRC (HR = 0.74, 95%CI:

0.57–0.98, p < 0.05) (Figures 1A–C; Table 1). There was no

significant difference between the double-drug therapy with

bevacizumab and the triple-drug therapy with bevacizumab

(HR = 1.1, 95%CI: 0.63–2.0). In the subgroup analysis of left-

sided tumors with RAS/BRAF WT, there were no significant

differences among the double-drug therapy with bevacizumab,

the double-drug therapy with cetuximab/panitumumab, and the

triple-drug therapy with bevacizumab. From the rank probability

plot, the double-drug regimen plus cetuximab/panitumumab

had the highest OS in patients with left-sided mCRC and wild

type RAS and BRAF (OR = 0.76, 95%CI: 0.42–1.40, compared

with the double-drug regimen with bevacizumab), followed

by the triple-drug regimen with bevacizumab (OR = 0.92, 95%

CI: 0.61–1.40, compared with the double-drug regimen with

bevacizumab) (Figures 1D–F).

ORR of NMA analysis

Figure 2 shows the network of the eligible comparisons for

ORR of the NMA. Five trials were included for ORR. There

were no significant differences among the double-drug

therapy with bevacizumab, the double-drug therapy with

cetuximab/panitumumab, and the triple-drug therapy with

bevacizumab. Still, from the rank probability plot, the double-

FIGURE 2
Overall response rate (ORR) in overall and the subgroup of RAS/BRAF wild-type patients. Overall: (A) The rank probability of the benefits of the
treatments. (B) Network of eligible comparisons for network meta-analysis. (C) Forest plot of comparisons to double-drug regimen plus
bevacizumab. RAS/BRAF WT: (D) The rank probability of the benefits of the treatments. (E) Network of eligible comparisons for network meta-
analysis. (F) Forest plot of comparisons to double-drug regimen plus bevacizumab. (N = 1925, B: bevacizumab; C: cetuximab; D: double-drug;
P: panitumumab; T: triple-drug).
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drug regimen plus cetuximab/panitumumab had the highest

ORR in patients with left-sided mCRC (OR = 1.8, 95%CI:

0.89–3.8, compared with the double-drug regimen with

bevacizumab), followed by the triple-drug regimen with

bevacizumab (OR = 1.8, 95%CI: 0.70–4.8, compared with

the double-drug regimen with bevacizumab) (Figures 2A–C;

Table 1). In the subgroup analysis of left-sided CRC with RAS/

BRAF WT, there were no significant differences among the

double-drug therapy with bevacizumab, the double-drug

therapy with cetuximab/panitumumab, and the triple-drug

therapy with bevacizumab. From the rank probability plot, the

double-drug regimen plus cetuximab/panitumumab had the

highest ORR in patients with left-sided mCRC and RAS/BRAF

WT (OR = 1.8, 95%CI: 0.88–3.80, compared with the double-

drug regimen with bevacizumab), followed by the triple-drug

regimen with bevacizumab (OR = 1.8, 95%CI: 0.66–4.70,

compared with the double-drug regimen with bevacizumab)

(Figures 2D–F).

PFS of NMA analysis

Figure 3 shows the network of eligible comparisons for

PFS of the network meta-analysis. All six trials were included

for the PFS NMA. There were no significant differences

among the double-drug therapy with bevacizumab, the

double-drug therapy with cetuximab/panitumumab, and

the triple-drug therapy with bevacizumab. Still, from the

rank probability plot, FOLFOXIRI plus bevacizumab

appeared to have similar PFS in patients with left-sided

mCRC (HR = 0.80, 95%CI: 0.52–1.3), compared with the

double-drug therapy with cetuximab/panitumumab (HR =

0.85, 95%CI: 0.61–1.2) (Figures 3A–C; Table 1). Similar

results were observed in the subgroup analysis of RAS/

BRAF WT tumors. The double-drug regimen plus

cetuximab/panitumumab had the highest ORR in patients

with left-sided mCRC and RAS/BRAF WT (OR = 0.65, 95%

CI: 0.34–1.30, compared with the double-drug regimen with

bevacizumab), followed by triple-drug regimen with

bevacizumab (OR = 0.74, 95%CI: 0.50–1.10, compared

with the double-drug regimen with bevacizumab)

(Figures 3D–F).

Safety analyses of published trials

According to the NMA results, it is surprising that the

double-drug regimen plus cetuximab/panitumumab showed

FIGURE 3
Progression-free survival (PFS) in overall and the subgroup of RAS/BRAF wild-type patients. Overall: (A) The rank probability of the benefits of
the treatments. (B) Network of eligible comparisons for network meta-analysis. (C) Forest plot of comparisons to double-drug regimen plus
bevacizumab. RAS/BRAF WT: (D) The rank probability of the benefits of the treatments. (E) Network of eligible comparisons for network meta-
analysis. (F) Forest plot of comparisons to double-drug regimen plus bevacizumab. (N = 1925, B: bevacizumab; C: cetuximab; D: double-drug;
P: panitumumab; T: triple-drug).
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better efficacy than the triple-drug regimen with bevacizumab.

To investigate drug safety, we have included the AEs over

grade 3. The results showed the triple-drug regimen with

bevacizumab has a high incidence (81.75%), while the

double-drug regimen plus cetuximab/panitumumab is

79.64%. What’s more, in the subgroup analyses, the double-

drug regimen plus cetuximab has the lowest incidence among

others (67.43%) (Figure 4). Haemato-toxicity, fatigue, and

diarrhea are the most common AEs in both the triple-drug

regimen and the double-drug regimen. However, the triple-

drug regimen with bevacizumab carried higher incidences

than that in the double-drug regimen. Skin reaction and

sensory neuropathy were observed in the double-drug

regimen plus cetuximab/panitumumab, while hypertension

and hypokalemia were identified in the triple-drug regimen

with bevacizumab. (Table 2).

Real-world multicenter study validation

To validate the results of the NMA analysis, we initiated a

multicenter real-world retrospective study. There are 92 patients

included in our cohort. Since there were not enough patients who

received the triple-drug regimen with bevacizumab treatment

with left-sided RAS WT mCRC, all the RAS WT mCRC patients

were included.

FIGURE 4
The AEs of different treatments (Grade ≥3). (A)Double-drug regimen plus cetuximab/panitumumab. (B) Triple-drug regimen plus bevacizumab.
(N = 1,363, B: bevacizumab; C: cetuximab; D: double-drug; P: panitumumab; T: triple-drug).

TABLE 2 The safety of different treatments.

Study Subgroup N Grade≥3 AEs with grade ≥3 (≥10%)

CALGB 80405 D + C 553 359 Haematotoxicity (32%); Fatigue (10%); Diarrhoea (11%); Sensory neuropathy (13%)

PEAK D + P 86 81 Skin reaction (15%)

FIRE-3 D + C 297 211 Haematotoxicity (25%); Skin reaction (26%); Diarrhoea (11%)

TRIBE-2 T + B 336 229 Haematotoxicity (50%); Diarrhoea (17%)

STEAM T + B 91 83 Haematotoxicity (57%); Diarrhoea (22%); Hypertension (22%); Fatigue (12%); Hypokalemia (11%)

B, bevacizumab; C, cetuximab; D, double-drug; P, panitumumab; T, triple-drug.
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At the same time, the OS time in the triple-drug regimen with

the bevacizumab group has not reached yet, so we chose PFS as

the primary outcome. Our results showed the double-drug

regimen plus cetuximab had a longer PFS time than the

triple-drug regimen with bevacizumab (p = 0.04, log-rank),

and the HR is 3.93 (95%CI: 0.893–17.3), which is consistent

with the results of NMA analysis. (Figure 5).

Discussion

Uncertainty remains concerning the clinical benefit of

different regimens for left-sided RAS WT mCRC in the

triple-drug therapy era. Therefore, this NMA aimed to

explore the comparative efficacy of different first-line

regimens in treating left-sided RAS WT mCRC. The results

suggest that a double-drug regimen plus cetuximab/

panitumumab appears more effective than double-drug-

and triple-drug-based regimens with bevacizumab as first-

line therapy for left-sided RAS WTmCRC, and the results had

been validated by real-world cohort partly. The safety analysis

showed double-drug regimen plus cetuximab/panitumumab

is safer than triple-drug regimen with bevacizumab.

This Bayesian network meta-analysis systematically

reviewed the short-term (ORR) and long-term (PFS and

OS) outcomes of double-drug- or triple-drug-based targeted

therapy regimens for left-sided RAS WT mCRC. In the

present meta-analysis, for left-sided RAS WT mCRC, the

double-drug regimen plus cetuximab/panitumumab appears

to be more beneficial than the other two options regarding

ORR and OS. A previous meta-analysis showed that

cetuximab and panitumumab were more effective in left-

sided RAS WT mCRC (Wu et al., 2020). As supported by

the previous meta-analysis, cetuximab/panitumumab plus the

double-drug regimen was better than bevacizumab plus the

double-drug regimen. Still, the previous meta-analysis did not

consider the triple-drug regimen with bevacizumab. Thus,

triple-drug therapy emerged as an appealing new option for

mCRC (Assenat et al., 2011; Fornaro et al., 2013; Loupakis

et al., 2014; Cremolini et al., 2018). Notably, the present meta-

analysis does not show that the triple-drug regimen fares less

well than the double-drug therapy, but that the double-drug

therapy with cetuximab/panitumumab achieves better

benefits than the triple-drug therapy with bevacizumab.

Unfortunately, no study that combined the triple-drug

therapy with cetuximab/panitumumab could be included.

Therefore, the present NMA supports the inclusion of

cetuximab/panitumumab in the regimen for left-sided RAS

WT mCRC. Since a meta-analysis showed that the triple-drug

regimen achieved better efficacy than the double-drug

regimens (Marques et al., 2017), future studies should

consider comparing triple-drug therapy with cetuximab/

panitumumab.

The V600E BRAF mutation confers resistance to

panitumumab or cetuximab (Di Nicolantonio et al., 2008;

NCCN Clinical Practice Guidelines in oncology, 2020;

NCCN Clinical Practice Guidelines in oncology, 2021). In

the overall analysis (i.e., RAS WT but including both BRAF

WT and mutants), the double-drug therapy with cetuximab/

panitumumab had a significant advantage over the double-

drug therapy with bevacizumab. Still, this advantage was lost

when analyzing only the RAS/BRAF WT patients, which is

surprising since BRAF WT mCRC should respond better to

panitumumab or cetuximab according to previous studies

(Di Nicolantonio et al., 2008; NCCN Clinical Practice

Guidelines in oncology, 2020; NCCN Clinical Practice

Guidelines in oncology, 2021). This discrepancy might be

due to the small number of studies included in the subgroup

analysis. Additional studies are necessary to examine this

point.

This study held some practical applications. Rather than just

grouping various treatments by the targeted agents or chemotherapy,

this NMA assessed three common regimens individually and

compared all the major efficacy outcomes regarding the sidedness

of primary tumor location. Bayesian NMA allows the comparison of

therapies indirectly when no head-to-head trials are available, and, in

this study, it acquired more sufficient effect estimates by combining

direct and indirect comparisons. What’s more, the real-world cohort

is a significant supplement to NMA. The updated analysis of existing

evidence integrates new implications into clinical care that may

contribute to achieving more optimal management of mCRC

(Morano and Sclafani, 2018).

FIGURE 5
The PFS analysis in the real-world multicenter cohort. (N =
92, p = 0.044, log-rank test. B: bevacizumab; C: cetuximab; D:
double-drug; P: panitumumab; T: triple-drug).

Frontiers in Pharmacology frontiersin.org08

Cai et al. 10.3389/fphar.2022.1015510

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1015510


This study has limitations. First, as for any meta-analysis,

an NMA inherits all the limits of the included studies, and

caution must be applied while extrapolating the results.

Second, an NMA is an indirect comparison that cannot

substitute large, well-designed RCTs. Still, when head-to-

head comparison studies are lacking, an NMA is an

optimal evaluation that combines the available data in the

literature. Although the random-effects model was used to

minimize the heterogeneity, it cannot be eliminated.

Heterogeneity can be due to the period (between 2005 and

2020) and the changes in guidelines and practice, different

regimens, different support treatments, and different areas of

the world. Third, the indirect comparison between cetuximab- and

panitumumab-based treatments was limited as the baseline

characteristics between the groups were not similar. Fourth, this

analysis was based on summary statistics rather than individual

patient data. It might result in some covariates affecting treatment

outcomes, especially for patients who received diverse lines of

subsequent therapies and interventions for metastasis. We could

not estimate the impact of these confounding factors on patient

outcomes. Last, the sample of the real-world cohort was small;

therefore, large-scale real-world studies or phase IV trials about

double-drug regimens plus cetuximab/panitumumab and the triple-

drug regimen with bevacizumab in left-sided RAS WT mCRC are

needed in the further research. Last, since the triple-drug regimen

treatment has not been used widely, so the scale in the real-world

cohort is small, further big samples cohort study are needed.

In conclusion, this NMA and real-world data report the ranking

of three regimens for therapeutic efficacy in patients with left-sided

RAS WT mCRC. The double-drug regimen plus cetuximab/

panitumumab appears more effective and safer than the triple-

drug regimen with bevacizumab. These results might have

implications in selecting the first-line treatment in patients with

left-sided RAS WT mCRC. Further trials and cohort analyses on

this topic would increase confidence in these results.
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