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Abstract

Background/Aims: Conversion therapy can convert unresectable metastatic colorectal
cancer (mMCRC) into resectable. However, the optimal conversion regimen was not yet defined.
This meta-analysis aimed to compare the efficacy and safety of the triplet chemotherapy
(FOLFOXIRI) plus bevacizumab (Bev) with doublet chemotherapy (FOLFOX/FOLFIRI) plus
Bev in conversion therapy. Methods: Randomized controlled trials (RCTs) from databases,
including Pubmed, EMBASE, Cochrane clinical trials, clinicaltrial.gov and some conferences,
were searched from the inception to November 2017. The RO resection, objective response
rate (ORR), progression-free survival (PFS), overall survival (OS) and the incidence of adverse
events were pooled with the use of hazard ratio (HR) or risk ratio (RR). Results: Four RCTs
with 1013 patients were included. FOLFOXIRI plus Bev regimen significantly improved the
overall RO resection rate (RR 1.41, 95% confidence interval (CI) 1.07-1.85, I?’=37%), liver RO
resection rate (RR 2.28, 95% CI 1.34-3.89, ’=0%), ORR (RR 1.20, 95% CI 1.09-1.32, 2’=0%), PFS
(HR 0.72, 95% CI 0.62-0.84, I°=36%) and OS (HR 0.80, 95% CI 0.66-0.97, I)=0%). There was
no significant difference in any Grade>3 adverse event (RR 1.08, 95% CI 0.99-1.17, I!=0%)
between two regimens. FOLFOXIRI-Bev was associated with a higher risk of neutropenia (RR
1.77, 95% CI 1.13-2.79, ?’=68%) and diarrhea (RR 1.65, 95% CI 1.17-2.32, *°=0%). Conclusions:
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Triplet chemotherapy plus Bev significantly improved the RO resection rates, ORR, PFS and OS
in comparison with doublet chemotherapy plus Bev in conversion therapy for mCRC patients,
with a higher risk of neutropenia and diarrhea.

© 2018 The Author(s)
Published by S. Karger AG, Basel

Introduction

Colorectal cancer (CRC) is the third most frequently occurring cancer, with the second
most common cause of death in men and third in female [1]. Approximately 25% of patients
who initially diagnosed colorectal cancer have synchronous liver metastasis, while another
25% of patients will develop liver metastasis after radical resection of the primary lesion
[2]. Evidence indicated that the resection of metastases had significant survival benefits and
offers the possibility of cure [3, 4]. The 5-year survival rate in patients with unresectable
liver metastases is close to 0% [5], while in patients with resectable metastatic patients it
approaches 43%-50% [6, 7]. Additionally, 10%-20% of metastases are found in the lung s
and the resection of lung metastases provides 5-year survival rates of 25% -35% in carefully
selected patients. And the European Society of Medical Oncology (ESMO) guidelines also
recommend RO resection of lung metastases [8].

Conversion therapy transforms technically unresectable colorectal metastases into
resectable status by systemic therapy, and the majority (80%-90%) of the liver metastases
can not get radical resection [2]. The overall survival of patients who undergo radical surgery
after conversion therapy is close to patients with initially resectable metastatic CRC (mCRC)
[9-11]. Thus, to obtain optimal regression of metastases, unresectable mCRC patients should
take a more aggressive treatment with the application of effective strong chemotherapeutic
regimen [12].

Bevacizumab (Bev) plus triplet regimen (FOLFOXIRI—Ileucovorin, fluorouracil,
oxaliplatin, and irinotecan) and doublet regimens (FOLFOX—leucovorin, fluorouracil, and
oxaliplatin; FOLFIRI—leucovorin, fluorouracil, and irinotecan) are both standard options
for conversion therapy [12]. Studies have reported that FOLFOXIRI regimen can improve
survival benefits compared with FOLFIRI [13, 14], which is also validated in a meta-analysis
[15]. Arandomized controlled trial (RCT) comparing FOLFOX-Bev with FOLFIRI-Bev showed
that both had equivalent activity and efficacy in patients with mCRC [16]. Recently, a pooled
analysis showed that the probability of conversion in patients with mCRC approached nearly
40% with the use of FOLFOXIRI-Bev [17]. However, the comparison between FOLFOXIRI-
Bev and FOLFOX-Bev/FOLFIRI-Bev has never been systematically evaluated in conversion
therapy. Considering the FOLFOXIRI-Bev regimen could be associated with more toxicity,
this systematic review and meta-analysis were performed to compare the efficacy and safety
of FOLFOXIR-Bev with FOLFOX-Bev/FOLFIRI-Bev.

Materials and Methods

Literature search and inclusion criteria

Focused on published RCT, articles from databases including Pubmed, EMBASE and Cochrane clinical
trials were searched from the inception to November 2017. The databases of Clinicaltrial.gov, American
Society of Clinical Oncology (ASCO) and ESMO were also searched. The searching terms were used:
“FOLFOXIRI”, “FOLFOX”, “FOLFIRI”, “XELOX", “bevacizumab”, “Avastin”, and “colorectal cancer”. Evidence
showed that FOLFOX-Bev and FOLFIRI-Bev had equivalent efficacy [16], including objective response rate
(ORR), progression-free survival (PFS) and overall survival (0S), so both FOLFOX-Bev and FOLFIRI-Bev
regimens were included in the control group. No limit language of the published articles. In addition, no
trials using XELOX were searched to meet our inclusion criteria.

The purpose of this meta-analysis was to establish the link between two regimens, thus only RCTs that
directly compare the two regimens could be included. The inclusion criteria were as follows: (1) phase 2
or 3 trials involving patients with mCRC; (2) patients who were randomized to FOLFOXIRI-Bev or FOLFOX-
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Bev/FOLFIRI-Bev regimens; (3) available data that can be pooled. Two investigators searched and reviewed
all identified studies independently. If the two investigators were not able to reach a consensus about the
eligibility of an article, it was resolved by discussions with a third reviewer.

Data extraction and quality assessment

The following data were extracted from each study by two investigators independently: the primary
endpoint, publication year, characteristics of enrolled patients, study design, the regimens of chemotherapy,
the number of participants, and outcomes of the various subgroup. The data of outcome were extracted
as follow: the RO resection rate of metastases, ORR, PFS, OS and the incidence of adverse events. When a
trial had two intervention groups, only one intervention group that most closely resembles the other trials
was selected [18]. Focused on conversion therapy, RO resection rate was the primary outcome of our study.
According to the incidence of events, the five most common adverse events were selected for analysis.

The quality of included trials was assessed with the use of the Cochrane Collaboration’s tool and with
reference to the Cochrane handbook. The risk of bias assessment was expressed in three types: low risk
(+), unclear risk (?) or high risk (-) of bias for each study [18]. Part of the data and quality evaluation were
based on data published on clinicaltrial.gov. All process was performed by two reviewers independently and
disagreements were discussed to reach a consensus.

Statistical analysis

The meta-analysis was conducted using RevMan software version 5.3 (The Nordic Cochrane Center,
Cochrane Collaboration). The 95% confidence interval (CI) of all results was calculated and extracted. Time-
to-event endpoints (PFS and OS) were pooled with the use of hazard ratio (HR). In survival analysis, the
hazard ratio can be interpreted as the incidence of progress or death. The ORR, the RO resection rates and
incidence of adverse events were pooled through risk ratio (RR). Subgroup analyses were adopted to assess
the outcomes of patients with different RAS or BRAF status. All the outcome were extracted directly from
the reports. Heterogeneity among the included studies was qualitatively evaluated using a x?-based Q test
[18]. The P, cterogeneity less than 0.05 showed that there was significant heterogeneity across the studies [15].
The level of statistical heterogeneity between studies was evaluated by I? statistics [19]. When I? was less
than 30%, 30% to 50% and more than 50%, respectively, there was a low, moderate and high heterogeneity
[20].. The fixed-effects was applied
when 1> < 50%, and the random-
effects model was applied when I? >
50% [21]. Due to the small number
of included trials (<10), we did not
examine publication bias with Begg
and Egger tests [18, 22, 23].

Results

Characteristics and quality

of included studies

Totally four RCTs with 1013
patients were included in the
meta-analysis [24-27]. Some
data were updated by the results
of subsequent reports [28-30].
The process of study selection
is illustrated in Fig. 1. By reason
of study protocol, we ruled out
four trials, which used Bev in
maintenance therapy or used
both Bev and Cetuximab in the

experimental group. The main Fig.1. Flow diagram of search process.
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characteristics of four RCTs Table 1. Characteristics of four RCTs. PFS, progression-free survival;
were summarized in Table ORR, overall response rate; ECOG, Eastern Cooperative Oncology
1. The STEAM, CHARTA, and  Group; PS, performance status; IRI, irinotecan; FOL, leucovorin; F,
OLIVIA trials were phase fluorouracil; OX, oxaliplatin; Bev, bevacizumab; mCRC, metastatic
2 RCTs and the control colorectal cancer

groups received the FOLFOX

. . STEAM CHARTA TRIBE OLIVIA
regimen; the TRIBE trial was  vearof 2017 017 2015 2015
blicati
phase 3 RCT and the control —Eﬁaf;iﬂ I I I n
. rimary .
group received the FOLFIRI  endpoint PFS, ORR PES [ — Resection Rate
regimen. Conversion thera chroled moRe meRe Ehpmdmicple MG sse
olo was 812 cyclos. For the it 5 1 B 2
cycle was 8-12 cycles. For the  jmplesize
) g e . AR 575 61 605 63
8-12 Cycles: Bev (5 . 12 Cycles: Bev (5 mg/kg 12 Cycles: Bev (5 mg/kg
inclusion critetia of patlents, GBI, o SIS SRR
mg/m* o day 1)+
e o e W il BRdn) el
Wlth Only llVer metaStaSES, cnont(i)rm%udn{uéioor%f hour continyous coorxtior‘\'\\,l%us}l]ngu;ioo#gf co%t?rm%us%,n;u;igr%f
3 tzs%Jng m-?s’qz‘%’ 12 cmxfus-lgn)' q52w K 2400 me/m ), azw 122L40[1)n? o ,q2wk
and the other trials enrolled me ke on gay 1)+ IR ortday 1) 1] ﬁgg 8 uGdesBeymale lGen, it
. . h h Experimental (10)( lélé/m o fay 1)+ EEnsg/m ogglayl +0)§ m: /m¥og day 15+O mg/m’ on}ifayl +d0X
patients without this  [perimental "0X(sSme/nionon — (S5mermy for onday (%55'5 meonday 11 (PTG Ao
. . . . . mgém2 oronday 1) + F onday1) + §3200 ]+an%{%03? for on day 1) +F§f200
limitation. The patients with (3200 me/mfadadeh  me/masadhour Sy DELRIOU. Pme/mdas a do-hour
continuous, 1ﬂfﬁl€‘}0n on con u:iuous ll"lleSlOn on 3200 mg/m ] qZW conl lnquuZSVlvl"lqulOn),
i ;

previously untreated mCRC

were enrolled in the OLIVIA
and CHARTA trials. While the  Table 2. Efficacy results of four RCTs. PFS, progression-free survival;

TRIBE trial enrolled patients ~ OS, overall survival; ORR, objective response rate; FOLFOXIRI,
who had not received leucovorin + fluorouracil + oxaliplatin + irinotecan; FOLFOX,
therapy for metastases but leucovorin + fluorouracil + oxaliplatin; FOLFIRI, leucovorin +
may have received adjuvant fluorouracil +Irinotecan; Bev, bevacizumab

ChemOtherapy before FOLlég‘),(]Slg[?AMFoﬁg‘(l)X- FOLEE‘)/((I:HﬁRTéOEE‘(l)X- FOLE%)I(]-IEI[{-IBEFOEEI,R[- FOLFBE‘),(&]T-MAFOIESQX-
metastases. ors ngﬁgj 12 10 12 9.7 123 9.7 186 115

The efficacy results of Ré?)””/" 0.7 (05,0.9) 0.77 (0.33-1.78) 077 (0-66-0-88) 0.43 (0.28-0.65)
X X . edian) 34 31 - 298 258 .
included trials are presented 0s LR(E?)U”/" 08(05,12) - 0-80 (0-67-0:95) . )
in Table 2. The RO resection """ oemwo 0 0 0 U L

. )

rate, ORR, PFS and OS were & B s 6 : . s 2

reported in four RCTs. And

the PFS for mCRC patients in
RAS and BRAF subgroups is Table 3. Progression-free survival in RAS and BRAF subgroups.

demonstrated in Table 3. Due  FOLFOXIRI, leucovorin + fluorouracil + oxaliplatin + irinotecan;
to STEAM and CHARTA tests FOLFOX, leucovorin + fluorouracil + oxaliplatin; FOLFIRI, leucovorin

were published as abstract, + fluorouracil +Irinotecan; Bev, bevacizumab; wt, wild-type; mut,

the random generation, ™Mutation
attrition bias, and other bias STEAM CHARTA TRIBE e
were judged as unclear. The e PF_S e i i e e M e
outcome of the trials wasnot (monih) 7 1 101 78 7S B
hkely tO be affected by the HRL(?)D% 0.8 (0.2,3.0) 0.72 (0.25-2.07) 0-57 (0-27-1-23) (102363]
lack of blinding, therefore, (montngy 17 10 131 26 12¢ 10

. RAS wt HR (90% ' i 0.77
performance bias and & 0.6 (04,1.1) 0.70 (0.58-1.02) 0.84 (0.58-121) g0-
detection bias were judged Median 13 s 123 104 120 05
as low risk [18] The risk of RAS mut HRC(;?)D% 0.6 (0.4, 1.0) 0.82 (0.59-1.14) 0-78 (0-60-1-02) (SZ_

0.96)

bias was summarized as low
risk (Fig. 2).

RO resection rate

As an important result in conversion therapy, RO resection rates were reported in all
four RCTs. The pooled RR of overall RO resection rate (any site of metastases) was 1.41 (95%
CI 1.07-1.85, [?=37%). To liver RO resection rate, the pooled RR of two trials was 2.28 (95%
CI1.34-3.89,1°=0%). There was an increase of 36% in the overall RO resection rate and 128%
in liver RO resection rate over doublet chemotherapy plus Bev (Fig. 3).


http://dx.doi.org/10.1159%2F000492508

Cellular Physiology Cell Physiol Biochem 2018;48:1870-1881
DOL:

. . - 10112000040 20808 © 2018 The Author(s). Published by S. Karger AG, Basel
and B|ochem|stry Published online: August 8, 2018  |www.karger.com/cpb

Shui et al.: FOLFOXIRI plus Bevacizumab in mCRC Conversation Therapy

Objective response rate

FOLFOXIRI-Bev was associated with a clear benefit in ORR. The pooled RR was 1.20
(95% CI 1.09-1.32, I?)=0%). With the development of surgical techniques and conceptions, a
high ORR would increase the probability of conversion to resectable mCRC (Fig. 4).

Survival benefits

As the primary endpoint of three trials, the PFS was significantly improved (HR 0.72,
95% CI10.62-0.84, 1>)=36%) in FOLFOXIRI-Bev group. And the pooled HR of OS was 0.80 (95%
CI10.66-0.97, I*)=0%) (Fig. 5). The results of median PFS and median OS are presented in the
Table2. Subgroup analysis showed that FOLFOXIRI-Bev prolonged the PFS in mCRC patients
with RAS wild-type (HR 0.77, 95% CI 0.60-0.98, 1?=0%) or those with RAS mutation (HR
0.77,95% CI 0.61-0.96, [?=0%). There was no difference in PFS for BRAF mutation patients
between two regimens (HR 0.65, 95% CI 0.33-1.26, 1°’=0%) (Fig. 6).

Adverse events

Thepooled RRsofany Grade=3 adverse events and five common adverse events (Grade=3)
are presented in Fig. 7. There was no significant difference in any Grade=3 adverse events
(RR 1.08, 95% CI 0.99-1.17, I>’=0%) between two regimens. FOLFOXIRI-Bev was associated
with a higher risk of neutropenia (RR 1.77, 95% CI 1.13-2.79, [?=68%) and diarrhea (RR
1.65, 95% CI 1.17-2.32, I?=0%).
Between two regimens, the incidence
of febrile neutropenia, vomiting, and
venous thrombosis was no difference as
follows: febrile neutropenia (RR 1.43,
95% CI1 0.81-2.51, I*’=0%), vomiting (RR
1.54, 95% CI 0.67-3.54, 1’=0%), and
venous thrombosis (RR 0.91, 95% CI
0.39-2.14, I’=36%).

Discussion

The significant survival benefit of
mCRC patients who become resectable
after conversion therapy is close to
initially resectable patients, which

Fig. 2. Risk of bias summary.

FOLFOXIRI-Bev  FOLFOX-Bev/FOLFIRI-Bev Risk Ratio Risk Ratio

r I Even Total Even Total Weight M-H, Fix: % Cl M-H. Fix % Cl
3.1.1 Overall RO resection
TRIBE 38 252 31 256 41.5% 1.25[0.80, 1.94] T
STEAM 14 93 6 95  8.0% 2.38 [0.96, 5.94] T
OLIVIA 22 41 12 39 16.6% 1.74 [1.01, 3.02] — =
CHARTA 27 119 25 118 33.9% 1.07 [0.66, 1.73] —
Subtotal (95% CI) 505 508 100.0% 1.36 [1.04, 1.78] -
Total events 101 74

Heterogeneity: Chi* = 3.34, df =3 (P =0.34); P = 10%
Test for overall effect: Z = 2.25 (P = 0.02)

3.1.2 Liver RO resection

STEAM 14 93 6 95 39.2%  2.38[0.96, 5.94] .
OLIVIA 21 41 9 39 60.8%  2.22[1.16,4.24] —a—
Subtotal (95% Cl) 134 134 1000%  2.28 [1.34, 3.89] i
Total events 35 15

Heterogeneity: Chi? = 0.02, df =1 (P = 0.90); I = 0%
Test for overall effect: Z = 3.04 (P = 0.002)

01 02 0.5 1 2 5 10
FOLFOXIRI-Bev FOLFOX-Bev/FOLFIRI-Bev

Fig. 3. Forest plots for RO resection rate.
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1.1.1 ORR

CHARTA a3
OLIVIA 33
STEAM 67
TRIBE 164
Subtotal (95% Cl)

Total events 347

FOLFOXIRI-Bev

Heterogeneity: Chi? = 0.65, df =3 (P = 0.88); I? = 0%
Test for overall effect: Z=3.79 (P = 0.0001)

FOLFOX-Bev/FOLFIRI-Bev Risk Ratio Risk Ratio
119 71 118 24.7% 1.16 [0.96, 1.40] -
4 24 39  85% 1.31[0.98, 1.75] &
93 59 95 20.2% 1.16 [0.95, 1.42] ™
252 136 256  46.7% 1.23 [1.06, 1.42] I
505 508 100.0% 1.20 [1.09, 1.32] <
290
b.Z 0‘5 1 é 5I

FOLFOXIRI-Bev FOLFOX-Bev/FOLFIRI-Bev

Fig. 4. Forest plots for objective response rate.

Hazard Ratio

Hazard Ratio

| Study or Subgroup  log[Hazard Ratio]  SE Weight [V, Fixed, 95% CI 1V, Fixed, 95% CI
4.1.1 PFS
CHARTA -0.2614 0.5124 2.2% 0.77[0.28, 2.10]
OLIVIA -0.844 0.2567 8.6% 0.43[0.26,0.71]
STEAM -0.3567 0.2046 13.5% 0.70[0.47, 1.05] =
TRIBE -0.2614 0.0864 75.8% 0.77[0.65,0.91] . 5
Subtotal (95% CI) 100.0% 0.72[0.62, 0.84] L 2
Heterogeneity: Chiz = 4.67, df = 3 (P = 0.20); |12 = 36%
Test for overall effect: Z = 4.31 (P < 0.0001)
4.1.2 0S
STEAM -0.2231 0.2857 12.1%  0.80[0.46, 1.40] T T
TRIBE -0.2231 0.1059 87.9% 0.80 [0.65, 0.98] I
Subtotal (95% CI) 100.0% 0.80 [0.66, 0.97]
Heterogeneity: Chi? = 0.00, df =1 (P = 1.00); I> = 0%
Test for overall effect: Z = 2.25 (P = 0.02)
01 02 05 1 2 5 10
FOLFOXIRI-Bev FOLFOX-Bev/FOLFIRI-Bev
Fig. 5. Forest plot for survival benefits.
Hazard Ratio Hazard Ratio
r T | rd Rati E Weight IV, Fix % Cl 1V, Fixed. 95% CI
5.1.1 BRAF mutation
CHARTA -0.3294 0.6426 28.1% 0.72[0.20, 2.53] i
STEAM -0.2554 0.8232 171% 0.77[0.15, 3.89] =
TRIBE -0.5512 04609 54.7% 0.58[0.23,1.42] — &
Subtotal (95% CI) 100.0% 0.65[0.33, 1.26] "“
Heterogeneity: Chi? = 0.14, df = 2 (P = 0.93); 2= 0%
Test for overall effect: Z = 1.28 (P = 0.20)
5.1.2 RAS wild-type
CHARTA -0.2625 0.1716 526% 0.77 [0.55, 1.08] —iT
STEAM -0.4105 0.3075 16.4% 0.66[0.36, 1.21] -
TRIBE -0.1771 02235 31.0% 0.84 [0.54, 1.30] —
Subtotal (95% Cl) 100.0%  0.77 [0.60, 0.98] >
Heterogeneity: Chi? = 0.38, df = 2 (P =0.83); I?= 0%
Test for overall effect: Z =2.09 (P = 0.04)
5.1.3 RAS mutation
CHARTA -0.1983 0.2002 327% 0.82[0.55,1.21] — &
STEAM -0.4581 0.2785 16.9% 0.63[0.37,1.09] - P
TRIBE -0.2455 01613 504% 0.78 [0.57, 1.07] —T
Subtotal (95% Cl) 100.0% 0.77 [0.61, 0.96] <
Heterogeneity: Chi2 =0.61,df =2 (P=0.74); 2= 0%
Test for overall effect: Z = 2.32 (P = 0.02)
0.1 0.2 0.5 1 2 5 10

FOLFOXIRI-Bev FOLFOX-Bev/FOLFIRI-Bev

Fig. 6. Forest plot for PFS in the subgroup.
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FOLFOXIRI-Bev FOLFOX-Bev/iFOLFIRI-Bev Risk Ratio Risk Ratio
r r Even Total Events Total Weight M-H. Random. 95% Cl| M-H. Random. 95% CI
2.1.1 Any adverse event (Grade = 3)
OLIVIA 39 41 33 39 31.2% 1.12[0.97, 1.31]
STEAM 85 93 82 95 68.8% 1.06 [0.96, 1.17]
Subtotal (95% Cl) 134 134 100.0% 1.08 [0.99, 1.17] ¢
Total events 124 115

Heterogeneity: Tau? = 0.00; Chi* = 0.42, df = 1 (P = 0.52); = 0%
Test for overall effect: Z = 1.77 (P = 0.08)

2.1.2 Neutropenia (Grade = 3)

CHARTA 24 119 17 118  28.0% 1.40[0.79, 2.47] =
OLIVIA 20 41 14 39 29.9% 1.36 [0.80, 2.29] T
TRIBE 126 252 51 256 42.0% 2.51[1.91,3.30] ——
Subtotal (95% CI) 412 413 100.0% 1.77 [1.13, 2.79] i
Total events 170 82

Heterogeneity: Tau? = 0.11; Chi® = 6.20, df = 2 (P = 0.04); I* = 68%
Test for overall effect: Z = 2.47 (P = 0.01)

2.1.3 Febrile neutropenia (Grade = 3 )

OLIVIA 5 41 3 39 17.2% 1.59[0.41,6.19]
TRIBE 22 252 16 256 82.8% 1.40[0.75, 2.60] ﬁt
Subtotal (95% CI) 293 295 100.0% 1.43 [0.81, 2.51] =

Total events 27 19

Heterogeneity: Tau? = 0.00; Chi* = 0.03, df = 1 (P = 0.87); F = 0%
Test for overall effect: Z = 1.24 (P = 0.22)

2.1.4 Vomiting (Grade = 3)

oLIvIA 3 4 1 39 139%  285[0.31,26.28]
TRIBE 1 252 8 256 86.1% 140 [0.57, 3.41] —z
Subtotal (95% CI) 293 295 100.0% 1.54 [0.67, 3.54]

Total events 14 9

Heterogeneity: Tau® = 0.00; Chi® = 0.34, df = 1 (P = 0.56); I = 0%
Test for overall effect: Z = 1.03 (P = 0.31)

2.1.5 Diarrhea (Grade = 3 )

CHARTA 19 119 14 118 28.2% 1.35[0.71, 2.56] I - PR

OLIVIA 12 41 5 39 13.0% 2.28[0.89, 5.88] 3 T
TRIBE 45 252 27 256 58.8% 1.69[1.09, 2.64] —a—

Subtotal (95% CI) 412 413 100.0% 1.65[1.17, 2.32] -

Total events 76 46

Heterogeneity: Tau® = 0.00; Chi* = 0.85, df = 2 (P = 0.65); = 0%
Test for overall effect: Z = 2.88 (P = 0.004)

2.1.6 Venous thrombosis (Grade = 3 )

OLIVIA 3 4 6 39 31.1% 0.48[0.13, 1.77] |
TRIBE 18 252 15 256 68.9% 1.22[0.63, 2.37] —
Subtotal (95% Cl) 293 295 100.0% 0.91[0.39, 2.14] ——
Total events 21 21

Heterogeneity: Tau? = 0.16; Chi* = 1.57, df = 1 (P = 0.21); F = 36%
Test for overall effect: Z = 0.22 (P = 0.83)

10
FOLFOXIRI-Bev FOLFOX-Bev/FOLFIRI-Bev

Fig. 7. Forest plot for adverse events.

makes the application of a more aggressive regimen crucial for patients in conversion
therapy [2]. Cytotoxic drug combined with targeted agents is the new and effective choice to
improve the rate of conversion.

Findings in this meta-analysis showed that FOLFOXIRI-Bev significantly increased the
RO resection rate of overall metastases and liver metastases (30% and 128%, respectively)
over the doublet chemotherapy plus Bev. A number of studies have shown a great superiority
in conversion rate with FOLFOXIRI-Bev. The resection of metastases was the potentially
curative therapy of mCRC [3, 4]. A pooled analysis of 29 published trials indicated that the
resection rate of metastases (any site) was 9.3% and the resection rate of liver metastases
was 18% in FOLFIRI-Bev regimen [31]. Meanwhile, a pooled analysis of patients with liver-
limited mCRC, which pooled results of three trials and showed that FOLFOXIRI-Bev had
considerable RO resection rates and survival benefits [32]. Another pooled analysis of 11
studies manifested the RO resection rate of overall metastases and liver metastases was
28.1% and 54.7%, respectively, in FOLFOXIRI-Bev regimen [17]. These studies have shown
consistently, either directly or indirectly, that FOLFOXIRI had a higher conversion rate.
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In addition, a higher ORR in FOLFOXIRI-Bev regimen implies a higher possibility of
metastases resection. Due to the regenerative capacity of the liver, portal vein embolization
and two-stage hepatectomy can be used to increase resectability. Preoperative portal
vein thrombosis is a technique that occluded the portal system on one side and causes
contralateral lobule hypertrophy, thus stimulate liver regeneration before hepatectomy:.
Two-stage hepatectomy is the resection of one side of liver in first-stage, followed by a
second-stage resection of the other side of the liver after liver regeneration, which often used
in bilateral multinodular colorectal liver metastases that are considered unresectable in one
hepatectomy. During the period ofliver regeneration, the use of a regimen with high response
rate can further improve the resectability. Over the past decades, the definition of resectable
metastases remains unclear and the surgical selection criteria have been expanded, then
the liver metastases surgical management have a tendency to smaller resection margins
and aggressive surgeries [33]. These emerging surgical techniques and conceptions offer
more opportunities to extend the benefits of surgery to those previously considered
unresectable. In our study, FOLFOXIRI-Bev prolonged the PFS and OS in patients with mCRC,
even in patients who failed conversion. It means that even if the conversion therapy fails, the
FOLFOXIRI-Bev would bring clear survival benefits. Although the numerical value of pooled
0S did not change significantly from the OS in the TRIBE trial, the reliability of the OS benefit
was increased. However, OS as a secondary endpoint, differences in subsequent therapies
may affect the OS benefit, thus the OS benefit needs further study.

Subgroup analyses based on gene mutations were performed in this study, and the
differences in survival benefits for left-side and right-side colon cancers was reported in
TRIBE and CHARTA trials. The results of the subgroup analysis showed that the benefits of
the FOLFOXIRI plus Bev regimen were not related to the RAS mutation status. However, the
RAS wild-type cohort probably included the BRAF-mutant cases. And the TRIBE trial also
reported no significant differences in the therapeutic effects of the RAS and BRAF molecular
subgroups. Unfortunately, there was no data of RO resection rates, hence the difference of
conversion between two regimens in molecular subgroup could not be evaluated accurately.
In colorectal cancer, European Society of Medical Oncology (ESMO) has recommended
FOLFOXIRI plus Bev regimen for patients with RAS wild-type right-sided tumors for the
purpose of cytoreduction. In the CHARTA trial, PFS for left-sided tumors was 12 months and
10.4 months (3-drugs + Bev and 2-drugs + Bev, respectively, HR=0.73, 95% CI 0.53-1.00), and
PFS for right-sided tumors was 10.7 months and 8.2 months (3-drugs + Bev and 2-drugs +
Bev, respectively, HR=0.81, 95% CI 0.47-1.38). In the TRIBE trial, FOLFOXIRI-Bev prolonged
OS in the right-sided tumors (HR=0.68, 95% CI 0.47-0.99) compared with the 2-drugs plus
Bev, and OS was not significantly different in the left-sided tumors (HR=0.88, 95% CI 0.68-
1.14). However, these non-statistically significant results of these subgroup analyses need to
be interpreted carefully, because it does not take into account mutations in RAS and other
genes as well as the principle of randomization were not ensured.

Adverse events could be the most important reason for restricting the choice of the
FOLFOXIRI-Bev. The pooled RR of OLIVIA and STEAM trial demonstrated that the incidence
of any Grade=3 adverse events was similar in two regimens. Moreover, the TRIBE trial
demonstrated that FOLFOXIRI-Bev did not increase treatment-related serious adverse
events over FOLFIRI-Bev (20.4% versus 19.7%) [24]. In the result of OLIVIA, STEAM and
TRIBE trials, there was no difference in the incidence of fatal adverse events between two
groups. Additionally, the bevacizumab-related adverse events did not differ for different
chemotherapy regimens. The high incidence of neutropenia and diarrhea is a noteworthy
issue, and a meta-analysis showed that patient’s withdrawal due to adverse events was
more in the FOLFOXIRI+ Bev group than that in FOLFOX+ Bev /FOLFIRI + Bev group [34].
Based on intent-to-treat analysis, the STEAM trial reported TEAE leading to withdrawal with
41% and 38% for the 3-drug plus Bev and 2-drug plus Bev, respectively. However, several
trials and reviews, including the RCTs included in this meta-analysis, suggested that the
toxicity from FOLFOXIRI-Bev is tolerable and manageable [15, 35, 36]. And the management
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of adverse events of FOLFOXIRI-Bev was summarized in a review [37]. For diarrhea,
loperamide, probiotics, octreotide or tincture of opium may be effective prevention agents.
For neutropenia, the prevention using granulocyte colony-stimulating factor (G-CSF) can be
a choice in patients who previously experienced febrile neutropenia. In short, adverse events
should be closely monitored and managed to reduce treatment-related discontinuation.

Assessing the feasibility of FOLFOXIRI-Bev regimen in conversion therapy and choosing
the appropriate patients have become a matter of great concern in recent years. An abstract
of the METHEP-2 randomized trial reported that the first-line FOLFOXIRI plus targeted
agents (Bev or cetuximab depends on RAS status) showed a higher RO/R1 resection rate
than the doublet regimen (FOLFIRI or FOLFOX) plus targeted agents in mCRC patients, with
statistically significant OS benefit [38]. To some extent, this trial implied the superiority of
FOLFOXIRI-Bev in conversion therapy. However, it needs to be further reported the detailed
data of RO resection rate as well as the direct comparison data of FOLFOXIRI plus Bev and
doublet regimen plus Bev. The ongoing CAIROS5 study, a multicenter, phase 3 RCT, was
designed to select the optimal conversion therapy regimen, comparing the efficacy between
doublet regimen plus Bev and triplet regimen plus Bev, in mCRC patients with RAS mutation
[39]. A meta-analysis showed that first-line cetuximab/panitumumab plus chemotherapy
increased ORR and OS compared with Bev plus chemotherapy in mCRC patients with RAS
wild-type. However, there was no difference in resection rate and PFS between the two
regimens [40]. Given that epidermal growth factor receptor (EGFR) inhibitors are less
effective in mCRC patients with RAS or BRAF mutations [41-43], FOLFOXIRI-Bev could be a
viable option in conversion therapy for mCRC patients with RAS or BRAF mutations [37, 44].

It is noteworthy that alternative chemotherapy using three drugs may not bring
clinical benefits as intensive triplet chemotherapy. The STEAM trial designed a sequential
sFOLFOXIRI-Bev arm, which was not included in this meta-analysis, and the arm used
alternating doublet chemotherapy (alternating FOLFOX and FOLFIRI every 4 weeks) plus
Bev. It showed that there was no difference in PFS (HR 0.7, 95% CI 0.47-1.05), OS (HR 1.00,
95% CI 0.65-1.53) and RO resection rate (RR 1.38, 95% CI 0.50-3.81) between alternating
doublet chemotherapy plus Bev and doublet chemotherapy plus Bev [26, 29].

To our knowledge, this is the first meta-analysis to directly compare which of the two
regimens is more effective and tolerable in conversion therapy. Several studies that not
focused on the conversion therapy have been published: two pooled analyzes that included
many single-arm trials or cohort studies evaluated the efficacy of FOLFOXIRI-Bev or doublet
chemotherapy plus Bev independently, without direct comparison data of others regimens
[16, 25]. And three systematic reviews [27, 38, [45]] showed the superiority of FOLFOXIRI
plus targeted agents, included Bev, Cetuximab and Panitumumab, which had no head-to-
head comparison or had no pooled data of RO resection rate.

Limitation of this meta-analysis should be pointed out. Firstly, the small sample size,
only four RCTs were included, and that was insufficient to do sensitivity analysis and Begg
tests. Secondly, the primary endpoint of the trial and the reported results, only the OLIVIA
trial was designed with RO resection as the primary endpoint. And the incidence of specific
adverse events was not reported in the STEAM and CHARTA trials. Thirdly, the differences
in patient characteristics. For example, OLIVIA enrolled patients with only liver metastases,
whereas other trials enrolled patients without this limitation. This may also be the reason
that the RO resection rate as high as 54% in OLIVIA trail and other trials only 15% -20%.
Unfortunately, we failed to retrieve other clinical trials that directly compared triplet
chemotherapy plus Bev with doublet chemotherapy plus Bev in liver-limited metastatic
colorectal cancer patients, including retrospective studies. Finally, we only included the
present published trial data, without the analysis of individual patients data. However, this
meta-analysis directly and systematically compared the triplet regimen plus Bev with doublet
regimen plus Bev, providing a high level of evidence for the feasibility and superiority of the
FOLFOXIRI plus Bev in conversion therapy.
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Conclusion

Triplet chemotherapy plus Bev significantly improved the RO resection rates, ORR, PFS
and OS in comparison with doublet chemotherapy plus Bev in conversion therapy for mCRC
patients, with a higher risk of neutropenia and diarrhea.
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