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ABSTRACT

Background. Doublets plus anti-epidermal growth factor
receptors (EGFRs) are the preferred upfront option for
patients with left-sided RAS/BRAF wild-type metastatic colo-
rectal cancer (mCRC). Initial therapy with FOLFOXIRI-
bevacizumab is superior to doublets plus bevacizumab
independently from primary tumor sidedness and RAS/BRAF
status. No randomized comparison between FOLFOXIRI-
bevacizumab versus doublets plus anti-EGFRs is available in
left-sided RAS/BRAF wild-type mCRC.
Materials and Methods. We selected patients with left-
sided RAS and BRAF wild-type mCRC treated with first-line
FOLFOX-panitumumab or FOLFOXIRI-bevacizumab in five
randomized trials: Valentino, TRIBE, TRIBE2, STEAM, and
CHARTA. A propensity score-based analysis was per-
formed to compare FOLFOXIRI-bevacizumab with FOLFOX-
panitumumab.
Results. A total of 185 patients received FOLFOX-pan-
itumumab and 132 received FOLFOXIRI-bevacizumab. Median

progression-free survival (PFS) and median overall sur-
vival (OS) were 13.3 and 33.1 months in the FOLFOXIRI-
bevacizumab group compared with 11.4 and 30.3 months in
the FOLFOX-panitumumab group (propensity score-adjusted
hazard ratio (HR) for PFS, 0.82; 95% confidence interval (CI),
0.64–1.04; p = .11; propensity score-adjusted HR for OS, 0.80;
95% CI, 0.59–1.08; p = .14). No significant differences in over-
all response rate and disease control rate were observed. A
statistically nonsignificant difference in favor of FOLFOXIRI-
bevacizumab was observed for OS after secondary resection
of metastases. Chemotherapy-related adverse events were
more frequent in the FOLFOXIRI-bevacizumab group, with
specific regard to grade 3 and 4 neutropenia (48% vs. 26%,
adjusted p = .001).
Conclusion. Although randomized comparison is lacking,
both FOLFOXIRI-bevacizumab and FOLFOX-panitumumab are
valuable treatment options in left-sided RAS/BRAF wild-type-
mCRC. The Oncologist 2021;26:302–309

Implications for Practice: A propensity score-based analysis of five trials was performed to compare FOLFOX-panitumumab
versus FOLFOXIRI-bevacizumab in left-sided RAS/BRAF wild-type metastatic colorectal cancer (mCRC). No significant differ-
ences were observed, but FOLFOXIRI-bevacizumab achieved numerically superior survival outcomes versus FOLFOX-
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panitumumab. Chemotherapy-related adverse events were more frequent in the FOLFOXIRI-bevacizumab group. These
observations suggest that although doublet chemotherapy plus anti-EGFRs remains the preferred treatment in patients with
left-sided RAS/BRAF wild-type mCRC, FOLFOXIRI-bevacizumab is a valuable option able to provide similar, if not better, out-
comes at the price of a moderate increase in toxicity and may be adopted based on patients’ preference and potential
impact on quality of life.

INTRODUCTION

The combination of a chemotherapy doublet (FOLFOX or
FOLFIRI) with an anti-epidermal growth factor receptor
(EGFR) monoclonal antibody is indicated by main guidelines
as the preferable initial therapy for patients with
unresectable left-sided RAS and BRAF wild-type metastatic
colorectal cancer (mCRC) [1]. This recommendation is based
on the results of the post hoc subgroup analyses of several
randomized clinical trials (RCTs) showing a clear benefit from
doublets plus anti-EGFR when compared with doublets with
or without bevacizumab in patients with RAS wild-type
tumors originating in the left side of the colon [2, 3]. These
findings are also corroborated by molecular data showing a
higher prevalence of features of EGFR dependence and a
lower occurrence of mechanisms of intrinsic resistance to
EGFR inhibition in the left side as compared with the right
side [4–6]. Another upfront option for clinically selected
patients with mCRC is the combination of the triplet
FOLFOXIRI with bevacizumab that demonstrated improved
outcome compared with doublets plus bevacizumab in sev-
eral RCTs [7–10]. In clinical practice, triplet chemotherapy is
mostly offered to fit patients with poor prognosis and more
limited therapeutic options, in particular those with right-
sided primary tumors and/or RAS or BRAF mutated tumors.
This is consistent with the under-representation of patients
with left-sided RAS and BRAF wild-type tumors in clinical tri-
als investigating the efficacy of the intensification of the
upfront chemotherapy backbone in combination with
bevacizumab. However, subgroup analyses of available RCTs
suggest that patients with left-sided RAS and BRAF wild-type
tumors may derive benefit from an intensified chemotherapy
[8, 11, 12], and the inhibition of angiogenesis is demon-
strated as an equally effective strategy in both right- and left-
sided tumors, independently of RAS and BRAF mutational
status [13, 14].

Whereas the superiority of both doublets plus anti-EGFR
and FOLFOXIRI-bevacizumab was demonstrated versus dou-
blets plus bevacizumab, nowadays, no evidence from clinical
trials comparing these options is available and no studies
addressing this question are currently ongoing. Drawing from
these considerations, we performed a propensity score-
based analysis including data from five RCTs with the aim of
comparing the efficacy and safety of FOLFOXIRI-bevacizumab
versus FOLFOX-panitumumab in the subgroup of patients
with left-sided RAS and BRAF wild-type mCRC.

MATERIALS AND METHODS

Study Population
For the present analysis, we selected patients with RAS and
BRAF wild-type tumors originating from the splenic flexure,

descending colon, sigma, and rectum, treated with first-line
FOLFOXIRI-bevacizumab or FOLFOX-panitumumab in 5 RCTs:
Valentino, TRIBE, TRIBE2, CHARTA, STEAM.

Valentino (NCT02476045) was a multicenter, randomized,
open-label phase II trial that enrolled 229 patients and
showed that, in patients with RAS wild-type mCRC, FOLFOX-4
plus panitumumab followed by maintenance with single-agent
panitumumab (arm B) achieved inferior progression-free
survival (PFS) compared with the same induction regimen
followed by panitumumab plus 5-fluorouracil/leucovorin
(arm A) [15]. TRIBE (NCT00719797) was a multicenter, ran-
domized, open-label phase III trial that enrolled 508 patients
and showed that first-line FOLFOXIRI-bevacizumab achieved
superior PFS and overall survival (OS) compared with FOLFIRI-
bevacizumab in patients with molecularly unselected mCRC
[7]. TRIBE2 (NCT02339116) was a randomized, phase III trial
that enrolled 679 patients and showed that upfront
FOLFOXIRI-bevacizumab followed by the reintroduction of

Table 1. Patients’ characteristics

Characteristics

FOLFOX-P
(n = 185),
n (%)

FOLFOXIRI-B
(n = 132),
n (%)

Standardized
difference, %

Age 24

<70 143 (77) 114 (86)

≥70 42 (23) 18 (14)

Sex 6

Female 58 (31) 45 (34)

Male 127 (69) 87 (66)

ECOG PS 4

0 137 (74) 100 (76)

1 48 (26) 32 (24)

Prior adjuvant
chemotherapy

36

No 155 (84) 125 (95)

Yes 30 (16) 7 (5)

Primary tumor
resection

27

No 71 (38) 68 (52)

Yes 114 (62) 64 (48)

Liver-limited
disease

2

No 114 (62) 80 (61)

Yes 71 (38) 52 (39)

Number of
metastatic sites

8

1 104 (56) 69 (52)

>1 81 (44) 63 (48)

Abbreviations: B, bevacizumab; ECOG PS, Eastern Cooperative
Oncology Group performance status; P, panitumumab.
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the same regimen after progression provided a statistically
significant and clinically relevant benefit when compared
with the sequential administration of FOLFOX-bevacizumab
and FOLFIRI-bevacizumab in patients with unresectable

mCRC [8]. CHARTA (NCT01321957) was a phase II trial that
randomized 250 patients and showed that FOLFOXIRI-
bevacizumab was superior to FOLFOX-bevacizumab in terms
of PFS in the first-line setting [9]. STEAM (NCT01765582)

A

B
p p

Time, months

Time, months

Time, months

Time, months

Figure 1. Kaplan-Meier curves for PFS (A) and OS (B) according to treatment in the propensity score-adjusted analysis. Blue lines indi-
cate patients treated with FOLFOX-panitumumab, whereas violet lines indicate patients treated with FOLFOXIRI-bevacizumab.
Abbreviations: B, bevacizumab; CI, confidence interval; HR, hazard ratio; OS, overall survival; P, panitumumab; PFS, progression-free
survival.
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was a phase II, randomized trial that enrolled 280 patients
and showed that first-line concurrent FOLFOXIRI-bevacizumab
and sequential FOLFOXIRI-bevacizumab were well tolerated
regimens with numerically improved objective response rate,
PFS, and liver resection rates compared with FOLFOX-
bevacizumab [10]. The trials included in the present study
were conducted in accordance with the Declaration of Hel-
sinki for experiments involving humans, and all patients had
given informed consent for trial participation. The analysis
was designed in 2020, and a study database was set up to
include the information extrapolated by the five trials raw
data sets. The members of all trial management committees
gave their approval according to a formal protocol.

Statistical Analysis
To deal with systematic differences in the distribution of
baseline characteristics between patients treated with
FOLFOXIRI-bevacizumab and those treated with FOLFOX-pan-
itumumab, a propensity score-based approach was used with
the aim of minimizing the effects of confounding factors and
improve the estimation accuracy of treatment effect [16].
The variables considered for the estimation of the propensity
score were age, sex, Eastern Cooperative Oncology Group
performance status (ECOG PS), prior adjuvant chemotherapy,
primary tumor resection, liver-limited disease, and number
of metastatic sites. Normalized difference [17] and combined
baseline difference [18] were used to check single and global
covariates imbalance, respectively, between the two treat-
ment groups. A normalized difference of at least 25% was
considered to be indicative of an imbalance between the
two treatment groups [19]. Propensity score (i.e., the proba-
bility of receiving FOLFOXIRI-bevacizumab conditional on
examined baseline characteristics) was calculated by means
of a multivariable logistic regression model. A propensity
score-adjusted analysis was used to estimate the effect of
the treatment groups on clinical outcomes. As a sensitivity
tool, a propensity score matching analysis with 1:1 ratio, and
a caliper of 0.1 was used. Subgroup analyses were performed
only using the propensity score-adjusted method because of
the loss of precision due to extremely small sample sizes. A
graphical approach was used to assess the distribution of the
propensity scores before and after matching. Logistic regres-
sion was used to assess the probability of experiencing REC-
IST response, disease control, and adverse events conditional
on the treatment regimen in the propensity score-adjusted
analysis. Conditional logistic regression was used in the pro-
pensity score matching analysis. Wald test was used to calcu-
lated p values in the context of logistic regression analyses.
The reverse Kaplan-Meier method was used for follow-up
time assessment. The Kaplan-Meier method and Cox propor-
tional hazards regression model were used for survival analy-
sis. Stratification on the matched pairs was used to estimate
the treatment effect on survival outcomes in the propensity
score matching analysis. Wald test was used to calculate
p values in the context of Cox proportional hazards regres-
sion models. PFS was defined as the time between randomi-
zation to disease progression or death from any cause. OS
was defined as the time between randomization and death
from any cause. In the absence of events, PFS and OS times
were censored at the last date when the patients were Ta
b
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known to be alive. Relapse-free survival (RFS) was defined as
the time between the date of secondary resection with cura-
tive intent to disease relapse or death from any cause. RFS
analysis was limited to patients who underwent secondary
resections with curative intent in the Valentino, TRIBE, and
TRIBE2 trials, because information about the date of surgery
was not available for patients in the CHARTA and STEAM tri-
als. Only patients with measurable disease at the time of ran-
domization and at least one instrumental evaluation of
tumor response were included in activity analyses. Threshold
for statistical significance was set to p value = .05, and all sta-
tistical tests were two-sided. Statistical analyses were per-
formed using the R software (version 3.5.0).

RESULTS

Patients’ Characteristics
The process of patients’ selection is illustrated in supplemen-
tal online Figure 1. A total of 317 patients with left-sided RAS
and BRAF wild-type mCRC were included in the propensity
score-adjusted analysis: 185 treated with FOLFOX-
panitumumab and 132 with FOLFOXIRI-bevacizumab.
Patients’ characteristics are illustrated in Table 1. We
observed a significant global difference between the two
treatment groups in the distribution of the variables consid-
ered for the estimation of the propensity score (p = .04).
Indeed, the normalized difference showed a significant
imbalance between the distributions of the two groups for
prior adjuvant chemotherapy and primary tumor resection.
The baseline distribution of propensity scores is shown in
supplemental online Figure 2. For the propensity score-
matched sensitivity analysis, 124 patients in the FOLFOX-
panitumumab group and 124 patients in the FOLFOXIRI-
bevacizumab group were successfully matched. The distribu-
tion of propensity scores after matching is shown in supple-
mental online Figure 2. We did not observe a significant
global difference in the distribution of the variables after
matching (p = .76).

Efficacy and Activity
After a median follow-up time of 39.6 months (interquartile
range [IQR], 31.9–45.5), a total of 279 events for PFS and
183 events for OS were observed. The median follow-up
time was 36.5 months (IQR, 31.6–44.4) for patients treated
with FOLFOX-panitumumab and 44.3 months (IQR, 33.3–
51.4) for patients treated with FOLFOXIRI-bevacizumab. In the
propensity score-adjusted analysis, no differences between
patients treated with FOLFOXIRI-bevacizumab and those
receiving FOLFOX-panitumumab were observed for PFS
(median PFS, 13.3 vs. 11.4 months respectively; adjusted
hazard ratio [HR], 0.82; 95% confidence interval [CI], 0.64–
1.04; p = .11; Fig. 1, panel A) and OS (median OS, 33.1
vs. 30.3, respectively; adjusted HR, 0.80; 95% CI, 0.59–1.08;
p = .14; Fig. 1, panel B). The results of the propensity score-
matched sensitivity analyses were consistent with the pro-
pensity score-adjusted analyses (supplemental online Fig. 3).

No difference was observed in the propensity score-
adjusted analysis in terms of response rate (73% with
FOLFOXIRI-bevacizumab vs. 77% with FOLFOX-panitumumab;
adjusted OR, 0.79; 95% CI, 0.45–1.37; p = .40) or disease con-
trol rate (96% with FOLFOXIRI-bevacizumab vs. 95% with
FOLFOX-panitumumab; adjusted OR, 1.09; 95% CI, 0.34–3.50;
p = .89; Table 2). The results of the propensity score-
matched sensitivity analysis were consistent with the pro-
pensity score-adjusted analysis (supplemental online
Table 1).

Secondary Resection of Metastases
Secondary resection rate did not differ between the
FOLFOXIRI-bevacizumab and the FOLFOX-panitumumab group
(22% vs. 18%, respectively; p = .51; supplemental online
Table 2). Similar results were observed in the propensity
score-matched sensitivity analysis (supplemental online
Table 3). Among patients who underwent radical resection of
metastases, no significant difference was observed in terms
of postresection RFS (adjusted HR, 0.62; 95% CI, 0.32–1.18;
p = .146) and postresection OS (adjusted HR, 0.30; 95% CI,
0.08–1.07; p = .064; supplemental online Fig. 4).

Table 3. Propensity score-adjusted analysis of the incidence of chemotherapy-related adverse events of grade 3 or 4
according to treatment

Grade 3/4 adverse events
Total (n = 317),
n (%)

FOLFOX-P
(n = 185), n (%)

FOLFOXIRI-B
(n = 132), n (%)

Raw
p valuea

PS-adjusted
p valuea

All 163 (51) 85 (46) 78 (59) .02 .04

Neutropenia 112 (35) 49 (26) 63 (48) <.001 .001

Febrile neutropenia 13 (4) 5 (3) 8 (6) .15 .24

Anemia 9 (3) 4 (2) 5 (4) .40 .52

Thrombocytopenia 8 (3) 5 (3) 3 (2) .81 .77

Nausea 11 (3) 5 (3) 6 (5) .38 .38

Vomiting 7 (2) 2 (1) 5 (4) .13 .13

Stomatitis/oral mucositis 22 (7) 14 (8) 8 (6) .60 .67

Diarrhea 42 (13) 25 (14) 17 (13) .87 .82

Peripheral neuropathy 13 (4) 8 (4) 5 (4) .81 .68
aLogistic regression Wald test.
Abbreviations: B, bevacizumab; P, panitumumab; PS, propensity score.
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Safety
In the propensity score-adjusted analysis, FOLFOXIRI-
bevacizumab was associated with a higher incidence of
chemotherapy-related grade 3 or 4 adverse events (59% vs.
46%; adjusted p = .04), in particular neutropenia (48% vs.
26%, adjusted p = .001) but not febrile neutropenia (6%
vs. 3%; adjusted p = .24; Table 3). In the propensity score-
matched sensitivity analysis, the higher incidence of grade
3 or 4 neutropenia in the FOLFOXIRI-bevacizumab group was
confirmed (48% vs. 30%; p = .03), but no statistically signifi-
cant differences in the overall incidence of chemotherapy-
related adverse events was observed (59% vs. 51%; p = .39),
probably because of the smaller sample size (supplemental
online Table 4).

DISCUSSION

To compare the efficacy, activity, and safety of FOLFOXIRI-
bevacizumab versus FOLFOX-panitumumab in patients with
unresectable left-sided RAS and BRAF wild-type mCRC, we
performed a propensity score-based analysis of five RCTs. No
statistically significant differences were reported in terms of
activity or efficacy, but FOLFOXIRI-bevacizumab was associ-
ated with not statistically significant improvements in PFS
and OS, as well as RFS and OS after secondary resection with
curative intent, at the price of a higher rate of grade 3 or
4 chemotherapy-related adverse events, particularly in terms
of neutropenia.

We acknowledge that the two limitations of our analysis
are the retrospective nature without a formal a priori hypoth-
esis and the lack of randomization. Even if patients in the two
treatment groups were enrolled in a relatively recent time
frame, some unbalances in baseline prognostic features were
due to differences in studies’ inclusion criteria in terms of
age, ECOG PS, and prior adjuvant therapy. In particular, no
upper age limit was set in the Valentino and CHARTA studies,
whereas in the TRIBE, TRIBE2, and STEAM trials, only patients
aged <75 years were eligible and those >70 years only if their
ECOG PS was 0. Nevertheless, propensity score adjustment
was applied to take into account such differences, thus limit-
ing the bias related to a nonrandomized comparison. Even if
all trials investigating FOLFOXIRI-bevacizumab adopted a
maintenance therapy with 5-fluoruracil/leucovorin plus
bevacizumab until disease progression, unacceptable toxicity,
or consent withdrawal, the Valentino study investigated two
different maintenance strategies: 5-fluoruracil/leucovorin plus
panitumumab or panitumumab alone. The trial showed that
the anti-EGFR monotherapy was inferior compared with the
combination of the anti-EGFR and 5-fluoruracil/leucovorin in
terms of PFS, primary endpoint of the study, with no OS dif-
ference. Therefore, in this analysis, around 50% of patients in
the FOLFOX-panitumumab group likely received a suboptimal
maintenance therapy, and this may have partially affected the
results, at least in terms of PFS. Also, the differences across
trials in the planned duration of the induction therapy
(4 months in the Valentino study versus variable durations
from 4 to 6 months in the trials investigating FOLFOXIRI-
bevacizumab) may have somehow affected our results.

Our clinical findings are supported by some biological
considerations. Indeed, the selection of left-sided RAS and

BRAF wild-type tumors responsive to EGFR inhibition may be
refined by the concomitant assessment of uncommon molec-
ular alterations associated with primary resistance such as
HER2 amplification, PI3KCA/PTEN mutations, subclonal
RAS mutations, gene fusions, and microsatellite instability
(PRESSING panel) [4]. In the subgroup of patients with left-
sided RAS and BRAF wild type, PRESSING-negative mCRC
enrolled in the Valentino study, the negative molecular hyper-
selection allowed to achieve unprecedented survival out-
comes following first-line FOLFOX-panitumumab. Therefore,
we acknowledge that comparing FOLFOXIRI-bevacizumab
with FOLFOX-panitumumab in a molecularly hyperselected
population might have provided different results. Unfortu-
nately, whereas deep molecular characterization by means of
next-generation sequencing was available in the more recent
Valentino and TRIBE2 studies, such extensive molecular infor-
mation was not available for all the trials included in the pre-
sent analysis, and a comparison of FOLFOXIRI-bevacizumab
with FOLFOX-panitumumab in a molecularly hyperselected
population was not possible.

Subgroup analyses of RCTs suggest that also left-sided
RAS and BRAF wild-type tumors may achieve benefit (and
probably a higher extent of benefit) from the intensification
of the upfront although backbone in combination with the
antiangiogenic agent bevacizumab [11, 20, 21]. Therefore,
although FOLFOXIRI-bevacizumab is a valuable option for fit
patients with more aggressive and treatment-resistant can-
cers, it may achieve its maximal efficacy in the subgroup of
patients with better prognosis and responsiveness to avail-
able agents, including chemotherapy and antiangiogenics.

Interestingly, in a previous study analyzing the pathologi-
cal response of liver metastases resected after triplet plus
either bevacizumab or cetuximab, we showed a higher extent
and frequency of tumor regression and necrosis in the
bevacizumab treated group [22]. Given the prognostic rele-
vance of histopathologic response in CRC [23] and the results
reported in this analysis in patients undergoing secondary re-
section of metastases, we speculate that FOLFOXIRI-
bevacizumab may also be offered as a valuable conversion
treatment option in patients with initially unresectable, left-
sided RAS and BRAF wild-type mCRC.

Regarding safety, the expected higher rate of
chemotherapy-related adverse events following FOLFOXIRI-
bevacizumab was confirmed. When looking at specific
adverse events, only neutropenia was significantly more fre-
quent with the triplet plus bevacizumab. A previous pooled
analysis of TRIBE and TRIBE2 studies showed that elderly
patients (i.e., those >70 years old) have a higher risk of
experiencing severe toxicity with this intensified regimen
[24]. Of note, granulocyte colony-stimulating factor was not
recommended as primary prophylaxis in trials investigating
FOLFOXIRI-bevacizumab, considering the relatively low over-
all rate of febrile neutropenia (6%) [25]. In contrast, skin rash
is obviously the most frequent class-specific adverse event
potentially affecting patients’ tolerance and quality of life
during anti-EGFR–containing regimens [26].

CONCLUSION

Although acknowledging that the level of evidence of this
analysis is not adequate to drive clinical decision-making, it is
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rather unlikely that RCTs addressing this issue and requiring
high numbers of patients will be designed and conducted in
the future. In properly selected patients, both FOLFOXIRI-
bevacizumab and FOLFOX/FOLFIRI plus anti-EGFRs are highly
active upfront regimens able to significantly increase
patients’ survival thanks to a deep impact on the initial and
subsequent disease course, including the conversion to sec-
ondary resection of metastases and maximal shrinkage of ini-
tial tumor burden. Although doublet chemotherapy plus
anti-EGFRs remains the preferred option in patients with
left-sided RAS and BRAF wild-type mCRC, FOLFOXIRI-
bevacizumab is a valuable option able to provide similar out-
come results at the price of a moderate increase in toxicity,
and may be adopted based on patients’ preference, atti-
tudes, expectations and compliance, potential impact on
quality of life, and psychosocial context. Present results
underline the potential added value of the intensified
upfront chemotherapy backbone in this subgroup of
patients, thus supporting the rationale for randomized trials
currently ongoing that aim at comparing triplets plus anti-
EGFRs and doublets plus anti-EGFRs as first-line therapy for
patients with unresectable mCRC [27, 28].
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Editor’s Note:
See the related commentary, “FOLFOXIRI plus Bevacizumab Versus FOLFOX plus Panitumumab for Metastatic Left-
Sided RAS/BRAF Wild-Type Colorectal Cancer: Which ‘Side’ Are You On?” by Irene S. Yu and Jonathan Loree on page
277 of this issue.
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