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Abstract

Background

It remains unclear whether intensification of the chemotherapy backbone in tandem with an
anti-EGFR can confer superior clinical outcomes in a cohort of RAS/BRAF wild-type colo-
rectal cancer (CRC) patients with initially unresectable colorectal liver metastases (CRLM).
To that end, we sought to comparatively evaluate the efficacy and safety of cetuximab plus
FOLFOXIRI (triplet arm) versus cetuximab plus FOLFOX (doublet arm) as a conversion reg-
imen (i.e., unresectable to resectable) in CRC patients with unresectable CRLM.

Methods and findings

This open-label, randomized clinical trial was conducted from April 2018 to December 2022
in 7 medical centers across China, enrolling 146 RAS/BRAF wild-type CRC patients with
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initially unresectable CRLM. A stratified blocked randomization method was utilized to
assign patients (1:1) to either the cetuximab plus FOLFOXIRI (n = 72) or cetuximab plus
FOLFOX (n=74) treatment arms. Stratification factors were tumor location (left versus
right) and resectability (technically unresectable versus >5 metastases). The primary out-
come was the objective response rate (ORR). Secondary outcomes included the median
depth of tumor response (DpR), early tumor shrinkage (ETS), RO resection rate, progres-
sion-free survival (PFS), overall survival (not mature at the time of analysis), and safety pro-
file. Radiological tumor evaluations were conducted by radiologists blinded to the group
allocation. Primary efficacy analyses were conducted based on the intention-to-treat popula-
tion, while safety analyses were performed on patients who received at least 1 line of che-
motherapy. A total of 14 patients (9.6%) were lost to follow-up (9 in the doublet arm and 5 in
the triplet arm). The ORR was comparable following adjustment for stratification factors,
with 84.7% versus 79.7% in the triplet and doublet arms, respectively (odds ratio [OR] 0.70;
95% confidence intervals [Cl] [0.30, 1.67], Chi-square p = 0.42). Moreover, the ETS rate
showed no significant difference between the triplet and doublet arms (80.6% (58/72) versus
77.0% (57/74), OR 0.82, 95% CI [0.37, 1.83], Chi-square p = 0.63). Although median DpR
was higher in the triplet therapy group (59.6%, interquartile range [IQR], [50.0, 69.7] versus
55.0%, IQR [42.8, 63.8], Mann—Whitney p = 0.039), the RO/R1 resection rate with or without
radiofrequency ablation/stereotactic body radiation therapy was comparable with 54.2%
(39/72) of patients in the triplet arm versus 52.7% (39/74) in the doublet arm. At a median fol-
low-up of 26.2 months (IQR [12.8, 40.5]), the median PFS was 11.8 months in the triplet arm
versus 13.4 months in the doublet arm (hazard ratio [HR] 0.74, 95% CI [0.50, 1.11], Log-
rank p=0.14). Grade > 3 events were reported in 47.2% (35/74) of patients in the doublet
arm and 55.9% (38/68) of patients in the triplet arm. The triplet arm was associated with a
higher incidence of grade > 3 neutropenia (44.1% versus 27.0%, p = 0.03) and diarrhea
(5.9% versus 0%, p = 0.03). The primary limitations of the study encompass the inherent
bias in subjective surgical decisions regarding resection feasibility, as well as the lack of a
centralized assessment for ORR and resection.

Conclusions

The combination of cetuximab with FOLFOXIRI did not significantly improve ORR com-
pared to cetuximab plus FOLFOX. Despite achieving an enhanced DpR, this improvement
did not translate into improved RO resection rates or PFS. Moreover, the triplet arm was
associated with an increase in treatment-related toxicity.

Trial Registration
ClinicalTrials.gov Identifier: NCT03493048.

Author summary

Why was this study done?

« Liver metastasis is a common and significant challenge in colorectal cancer (CRC).
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Achieving resection through local treatments such as surgery, radiofrequency treatment,
and stereotactic body radiation therapy is crucial for long-term survival. Therefore,
identifying strategies to increase the conversion to resection rate in patients with ini-
tially unresectable colorectal liver metastases (CRLM) is paramount.

Although the combination of an anti-EGFR with a doublet chemotherapy backbone has
been established as the upfront conversion regimen in RAS/BRAF wild-type CRC
patients with initially unresectable CRLM, several Phase II studies highlighted the sub-
stantial efficacy of a triplet chemotherapy backbone. Nevertheless, the added value of an
intensified chemotherapy backbone in combination with cetuximab has not been
explored in a randomized controlled trial at the time of this study.

What did the researchers do and find?

o This prospective, open-label, randomized clinical trial aimed to assess the efficacy of
upfront cetuximab plus FOLFOXIRI versus cetuximab plus FOLFOX in a cohort con-
sisting only of RAS/BRAF wild-type CRC patients with initially unresectable CRLM.

o The study findings reveal that the objective response rates (ORRs) were comparable
between the 2 treatment arms.

o Although a superior depth of tumor response was achieved in the cetuximab plus FOL-
FOXIRI treatment arm, this did not translate to improved resection rates or progres-
sion-free survival (PFS). Instead, this regimen was associated with increased treatment
toxicities.

What do these findings mean?

+ Collectively, the TRICE study recommends selecting cetuximab plus FOLFOX as the
first-line regimen for RAS/BRAF wild-type CRC patients with unresectable CRLM
requiring conversion to resection.

» Major limitations of the study include the inherent bias in subjective surgical decisions
regarding resection feasibility and the lack of centralized assessment for study
endpoints.

Introduction

Empirical evidence indicates that approximately 20% of colorectal cancer (CRC) patients har-
bor liver metastases at the time of diagnosis, with this ratio surging to around 50% as the dis-
ease progresses [1,2]. Given that liver metastasectomy confers a curative potential, with 5-year
and 10-year survival rates of up to 33% and 23%, respectively, upfront systemic chemotherapy
is typically indicated as approximately 75% to 80% of patients with colorectal liver metastases
(CRLM) are initially deemed unresectable [3,4]. Importantly, complete resection with or with-
out radiofrequency ablation (RFA) of initially unresectable liver lesions in metastatic CRC
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(mCRC) patients leads to a reported 5-year overall survival (OS) rate of up to 58%, comparable
to that of patients with primary resectable metastases [5]. Consequently, it is paramount to
develop more effective chemotherapy regimens and devise strategies to augment the propor-
tion of patients eligible for liver metastasectomy.

Folprecht and colleagues [6] have previously established a robust correlation between the
objective response rate (ORR) and resection rate in a series of retrospective and prospective
studies of CRC patients with liver-only metastases. Additionally, multiple investigations have
revealed that first-line FOLFOXIRI is superior to FOLFIRI or FOLFOX irrespective of the
addition of bevacizumab in terms of ORR, R0 resection rate, and median OS in unresectable
mCRC patients [7-9]. Notably, the CAIRO 5 study determined that FOLFOXIRI plus bevaci-
zumab yielded added benefit in terms of progression-free survival (PFS), ORR, and R0/1 resec-
tion rates compared to FOLFOX or FOLFIRI plus bevacizumab in right-sided CRC subjects
with initially unresectable CRLM and/or RAS/BRAFV600E-mutated primary tumors [10,11].
Although the combination of a monoclonal antibody against epidermal growth factor receptor
(anti-EGFR) with a doublet chemotherapy backbone has been established as the first-line regi-
men for RAS/BRAF wild-type mCRC, several Phase II trials have corroborated the marked effi-
cacy of an intensified triplet regimen combined with an anti-EGFR inhibitor [12-14].
Nevertheless, whether reinforcing the chemotherapy backbone can further boost the ORR and
resection rate in patients with initially unresectable CRLM remains undetermined.

To that end, the TRICE study was conducted to determine whether first-line cetuximab
plus FOLFOXIRI (triplet arm) can improve the ORR compared to cetuximab plus FOLFOX
(doublet arm) in RAS/BRAF wild-type CRC patients with initially technically unresectable
CRLM. Secondary study endpoints included the median depth of response (DpR), early tumor
shrinkage (ETS), RO resection rate, PFS, OS, and treatment-related adverse events.

Methods
Study design

The TRICE study is a prospective, open-label, multicenter, randomized clinical trial initiated
by the Sun Yat-sen University Cancer Center (SYSUCC) and conducted in 7 medical centers
across China from April 2018 to December 2022. The study was approved by the Human
Research Ethics Committee of Sun Yat-sen University Cancer Center (approval number:
B2018-008-01) and was undertaken under the principles detailed in the World Medical Asso-
ciation (WMA) Declaration of Helsinki and all relevant local laws and regulations. All individ-
uals gave written informed consent prior to study enrollment. This study was registered under
Clinical Trial Number (clinicaltrials.gov): NCT03493048.

Patients

Patient eligibility criteria included RAS/BRAF wild-type CRC patients with histologically con-
firmed initially unresectable CRLM who were between 18 and 70 years of age, had not received
first-line chemotherapy, and had an Eastern Cooperative Oncology Group (ECOG) perfor-
mance status (PS) of 0-1 (indicating relatively good functional capacity with the ability to per-
form daily activities, although there may be some limitations in engaging in physically
strenuous activities). Unresectability was defined as the presence of 5 or more metastatic
lesions or metastases considered technically unresectable by an experienced multidisciplinary
team (MDT) due to the following criteria: inadequate liver remnant post-resection (less than
30%), infiltration of all hepatic veins, infiltration of both hepatic arteries or both portal vein
branches, consistent with the CELIM study [15,16]. Meanwhile, the exclusion criteria were as
follows: patients with extrahepatic metastasis (except for unconfirmed lung or lymph node
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lesion with a size of less than 10 mm) and/or unresectable primary tumors, those with ECOG
PS > 1, individuals with comorbidities or conditions that may impact treatment, and patients
with known hypersensitivity to the drugs used in the study. For a comprehensive list of inclu-
sion/exclusion criteria, please refer to S1 Data. Loss to follow-up included individuals who
were no longer contactable or available for further participation in a study, either because they
withdrew before the end of the planned follow-up period or for other reasons that rendered
them unreachable. A total of 14 patients (9.6%) were lost to follow-up, distributed between the
doublet and triplet arms, with 9 and 5 patients, respectively.

Randomization and masking

A stratified blocked randomization method with the Interactive Web Response System
(IWRS) was adopted to assign (1:1) a total of 146 CRC patients with initially unresectable
CRLM to the cetuximab plus FOLFOXIRI or cetuximab plus FOLFOX treatment arms. Strati-
fication factors were tumor location (left versus right) and resectability (technically unresect-
able versus >5 metastases). The initial dose of irinotecan was 130 mg/m?, according to the “3
+ 3” dose-escalation design [17]. Given that no patients experienced dose-limiting toxicity, the
dose was increased to 150 mg/m”. The cetuximab plus FOLFOX treatment arm received 500
mg/m” intravenous cetuximab over 2 h, 85 mg/m? oxaliplatin intravenous infusion over 3 h,
200 mg/m2 intravenous l-leucovorin (LV) over 2 h, bolus intravenous 400 mg/m2 fluorouracil
(FU), followed by an infusion of 2,400 mg/m? fluorouracil administered over 46 h, while the
cetuximab plus FOLFOXIRI arm received an additional 150 mg/m” intravenous irinotecan
and no fluorouracil bolus injection. Both regimens were given every 2 weeks, and dose adjust-
ments were permitted after a careful toxicity assessment. Radiological tumor evaluations were
conducted by radiologists blinded to the group allocation after every 4 treatment cycles or
more frequently if deemed necessary by the investigators. Liver metastases were assessed using
contrast-enhanced magnetic resonance imaging (MRI) unless contraindications were present;
if so, computed tomography (CT) was used. The CRC MDT, responsible for determining
resectability, consists of accomplished professionals from diverse disciplines such as medical
oncology, colorectal surgery, hepatobiliary surgery, radiation oncology, interventional radiol-
ogy, medical imaging, pathology, and more. Each area of expertise is represented by a mini-
mum of 2 to 3 physicians during each assessment, the majority of whom hold senior
consultant positions and possess over 10 years of clinical experience in their respective fields.
Patients were assessed for resectability after every 4 treatment courses or more frequently as
deemed by the treating physician. Patients received at least 6 courses of conversion regimen
before surgical resection was considered. Patients who successfully underwent local treatment
did not enter a maintenance phase beyond the maximum of 12 perioperative treatment cycles.
Conversely, for patients who did not achieve resectability after 12 treatment cycles, a mainte-
nance treatment phase was initiated using cetuximab plus LV/FU until disease progression or
unacceptable toxicities.

Study endpoints

The primary outcome of this study was ORR, defined as the number of patients who exhibited
a partial (target lesion reduction of at least 30% from the nadir) or complete response to sys-
temic treatment, assessed every 8 weeks according to the RECIST version 1.1 criteria [18]. Sec-
ondary endpoints included the following: DpR (the relative change of the sum of the longest
diameters of the target lesion from baseline in the absence of new lesions or progression of
non-target lesions, assessed every 8 weeks), ETS (the number of patients with a target lesion
reduction of a least 20% from the nadir following 4 treatment courses based on the RECIST
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version 1.1 criteria), RO resection rate (the proportion of patients that underwent liver metasta-
sectomy with or without RFA resulting in no residual tumor), PFS (the period between ran-
domization to disease progression as defined by RECIST version 1.1 criteria or death,
whichever came first or censored at the date of the last follow-up), OS (the time from randomi-
zation to death due to any cause or censored at the date of the last follow-up, not mature at the
time of primary analysis), and treatment-related adverse events (classified according to the
National Cancer Institute (NCI) Common Terminology Criteria for Adverse Events
(CTCAE), version 4.03 criteria, (S1 Data)). In our study, the successful resection of liver metas-
tases is considered a continuation of PFS, reflecting sustained survival without progression.
The incidence and severity of surgery-related complications (perioperative mortality, intrao-
perative hemorrhage/transfusion, postoperative blood transfusion, and the number of blood
units used) were assessed using the Clavien-Dindo classification of surgical complications
[19].

Statistical analysis

Primary efficacy analyses were conducted in the intention-to-treat population, safety analyses
were performed in patients who received at least 1 dose of study treatment, and DpR was eval-
uated in patients who had at least 1 efficacy evaluation. With an expected ORR of 80% for the
triplet arm and 60% for the doublet arm, the number of patients required before randomiza-
tion was 128 using o = 10% (two-sided) and B = 0.20 (power 80%). Considering a dropout rate
of 10%, at least 140 patients (70 in each treatment arm) were required for this study. Categori-
cal data were represented as frequency (n), percentage (%), and 95% confidence interval (CI)
where applicable. Continuous data were expressed using mean, standard deviation (SD), and
median. Categorical data were analyzed using the Chi-square test, while continuous data were
assessed using the Mann-Whitney two-sided test. Logistic regression models were established
to estimate ORs and 95% ClIs. The log-rank test was used to compare the treatment groups in
terms of PFS, and a Cox proportional hazards model estimated hazard ratio (HR) with 95%
ClIs. Statistical adjustments were conducted, taking into account the stratification factors, and
the proportional hazard assumption was assessed graphically by plotting log-log survival func-
tions for the 2 treatment groups. To assess the treatment effect on ORR and PFS based on base-
line patient characteristics, subgroup analyses were further conducted to investigate potential
interactions. The Kaplan-Meier method was employed to estimate PES with 95% CI. A strati-
fied log-rank test was utilized to determine whether survival distribution was similar and to
compare survival analysis indicators. The median follow-up was estimated using the reverse
Kaplan-Meier method. Clinical variables (age, sex, tumor location, ECOG, primary tumor
site, prior adjuvant therapy, time to metastases, number and size of metastases, resectability)
were adjusted for the PFS comparison between those that achieved successful local treatment
versus those that did not. All analyses were performed using IBM SPSS Statistics 26 and/or
GraphPad Prism 9.0, and a two-sided P value < 0.1 was considered statistically significant for
ORR, while a two-sided P value < 0.05 was used to determine significance for secondary
endpoints.

Results
Patients

A total of 146 patients were enrolled from April 2018 to December 2022 and randomly
assigned to the cetuximab plus FOLFOXIRI (#n = 72) or the cetuximab plus FOLFOX treatment
arms (n = 74) (Fig 1). Among them, 142 patients (68 in the triplet arm and 74 in the doublet
arm) received at least 1 course of chemotherapy and were included in our safety analysis.
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146 Patients were enrolled and evaluated from April
2018 to December 2022

146 Patients randomized

74 Randomized to the doublet arm
(Cetuximab plus FOLFOX)

72 Randomized to the triplet arm (Cetuximab
plus FOLFOXIRT)

4 Did not receive study treatment
2 Withdrew consent

—— 1 Was diagnosed with ICC [

1 Was deemed resectable following MDT

reassessment

74 Received at least one chemotherapy

68 Received at least one chemotherapy
course and were included in the safety

course and were included in the safety

population population
7 Discontinued treatment
1 Hypersensitivity to Cetuximab
> 4 Withdrew prior to efficacy assessment > 1 Withdrew after one treatment course -
2 Death due to intestinal obstruction after " ; :
first treatment
Y : y

67 Received at least one efficacy evaluation 67 Received at least one efficacy evaluation

64 Discontinued treatment 64 Discontinued treatment

39 Had successful local treatment 39 Had successful local treatment

28 Had disease progression
11 Are still NED
25 Had unsuccessful local treatment
12 Progressive disease
3 Refused conversion surgery

28 Had disease progression
11 Are still NED
25 Had unsuccessful local treatment

—> 15 Progressive disease

2 Lost to follow-up (unreachable)

3 Lost to follow-up (unreachable) 2 Had R2 resection
2 Withdrew due to personal reasons 1 Adverse event
1 Had R2 resection 0 Withdrew
4 Other 5 Other
3 Ongoing study treatment 3 Ongoing study treatment
74 Included in the intention-to-treat population < 72 Included in the intention-to-treat population <o

Fig 1. CONSORT diagram. The safety population consisted of patients who received at least 1 line of chemotherapy. Loss to follow-up
included individuals who were no longer contactable or available for further participation in a study, either because they withdrew before the
end of the planned follow-up period or for other reasons that rendered them unreachable. FOLFOX, fluorouracil, leucovorin, and oxaliplatin;
FOLFOXIRI, modified fluorouracil, leucovorin, oxaliplatin, and irinotecan; ICC, intrahepatic cholangiocarcinoma; MDT, multidisciplinary
team; NED, no evidence of disease.

https://doi.org/10.1371/journal.pmed.1004389.9001
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Table 1. Baseline clinical characteristics of patients in the ITT population.

Characteristics Cetuximab plus FOLFOX Cetuximab plus FOLFOXIRI (n = 72)
(n=74)

Sex

Male 55 (74.3%) 54 (75.0%)

Female 19 (25.7%) 18 (25.0%)

Age

Median (range, years)

58 (33.00-70.00)

58 (22.00-70.00)

<65 years 63 (85.1%) 57 (79.2%)
>65 years 11 (14.9%) 15 (20.8%)
ECOG PS

0 70 (94.6%) 67 (93.1%)
1 4 (5.4%) 5(6.9%)
Primary tumor site

Left 63 (85.1%) 64 (88.9%)
Right 11 (14.9%) 8 (11.1%)
Previous treatment

Primary tumor resection 15 (20.3%) 13 (18.0%)
Prior adjuvant chemotherapy 1(1.3%) 1(1.4%)
Prior adjuvant radiotherapy 0 (0.0%) 2 (2.8%)
No previous treatment 58 (78.4%) 56 (77.8%)

Synchronicity of liver metastases

Synchronous metastases™

69 (93.2%)

70 (97.2%)

Metachronous metastases

5 (6.8%)

2 (2.8%)

Number of liver metastases

1-4

22 (29.7%)

18 (25.0%)

5-10 27 (36.5%) 24 (33.3%)
>10 25 (33.8%) 30 (41.7%)
Size of metastases

<5cm 18 (24.3%) 27 (37.5%)
5-10 cm 30 (40.5%) 33 (45.8%)
>10 cm 26 (35.1%) 12 (16.7%)
Resectability

>5 metastases 11 (14.9%) 14 (19.4%)
Technically unresectable 63 (85.1%) 58 (80.6%)
LDH

Normal (<300 U/L) 23 (31.1%) 27 (37.5%)
Abnormal (>300 U/L) 51 (68.9%) 45 (62.5%)

* Liver metastases detected within 6 months of primary tumor diagnosis.

ITT, intention-to-treat; FOLFOX, fluorouracil, leucovorin, and oxaliplatin; FOLFOXIRI, modified fluorouracil,

leucovorin, oxaliplatin, and irinotecan; ECOG PS, Eastern Cooperative Oncology Group performance status; LDH,

lactate dehydrogenase.

https://doi.org/10.1371/journal.pmed.1004389.t001

Meanwhile, 67 patients from each treatment arm received at least 1 efficacy evaluation, with a
median of 8 (interquartile range (IQR), [7.0, 9.5]) preoperative treatment cycles. As detailed in
Table 1, patient demographics and baseline characteristics were well balanced between the 2
treatment arms except for the size of liver metastases. The included patients were mostly aged
<65 years old (82.2%), with a median age of 58 years old, and the majority had an ECOG PS

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004389 May 10, 2024

8/18


https://doi.org/10.1371/journal.pmed.1004389.t001
https://doi.org/10.1371/journal.pmed.1004389

PLOS MEDICINE

Cetuximab plus FOLFOXIRI or FOLFOX as conversion regimen in RAS/BRAF wild-type mCRC patients

score of 0 (93.8%). Besides, left-sided primary tumors (87.0%) and synchronous liver metasta-
ses (95.2%) were observed in most cases.

Efficacy

The ORR was 84.7% (61/72) in the triplet arm compared to 79.7% (59/74) in the doublet arm
following adjustments for stratification factors (odds ratio [OR] 0.70, 95% CI [0.30, 1.67], Chi-
square p = 0.42), and no patients from either group achieved complete responses (Fig 2A and
S1 Table). The ET'S rate was comparable between the triplet and doublet arms (80.6% (58/72)
versus 77.0% (57/74), OR 0.82, 95% CI [0.37, 1.83], Chi-square p = 0.63) (Fig 2B). Further sub-
group analysis of ORR revealed no marked difference between treatment arms and patient
baseline clinical characteristics (S1 Fig). Interestingly, the patients in the triplet arm displayed
a more significant change (Mann-Whitney p = 0.039) in terms of median DpR (n = 67, 59.6%,
[IQR], [50.0, 69.7]) from baseline than those in the doublet arm (n = 67, 55.0%, IQR [42.8,
63.8]) (Fig 3A). Nonetheless, the RO/R1 resection rate with or without RFA/stereotactic body
radiation therapy (SBRT) was comparable with 54.2% (39/72) of patients in the triplet arm ver-
sus 52.7% (39/74) in the doublet arm (S2 Table). Additionally, there was no substantial differ-
ence in postoperative complications between both treatment arms. Similarly, no marked
differences in terms of surgical complications were observed. At a median follow-up of 26.2
months (IQR [12.8, 40.5]), the median PFS was 11.8 months for patients receiving cetuximab
plus FOLFOXIRI versus 13.4 months for the cetuximab plus FOLFOX treatment arm (HR
0.74, 95% CI [0.50, 1.11], Log-rank p = 0.14) after accounting for stratification factors (Fig 3B).
Moreover, PFS subgroup analysis did not reveal substantial differences between baseline char-
acteristics and disease progression events (S2 Fig). Of note, successful local treatment (R0/R1

A B
ORR: 84.7% vs. 79.7% OR 0.70, ETS: 80.6% v 77.0% OR 0.82,
95% CI[0.30, 1.67], Chi-square p = 0.42 95% CI[0.37, 1.83], Chi-square p =0.63
100 — 100 —
6.9% 9.5% m=m PR mmm Yes
42% o
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6.1% PD == NE
75 75
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S S
% 50 % 50—
5 5
25— 25 —
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Fig 2. Tumor response comparisons between the 2 treatment arms in terms of (A) ORR and (B) ETS. Not evaluable refers to patients in the ITT population
who did not have at least 1 efficacy assessment. FOLFOX, fluorouracil, leucovorin, and oxaliplatin; FOLFOXIRI, fluorouracil, leucovorin, oxaliplatin, and
irinotecan; OR, odds ratio; PR, partial response; SD, stable disease; PD, progressive disease; NE, not evaluated; ORR, objective response rate; ETS, early tumor

shrinkage.

https://doi.org/10.1371/journal.pmed.1004389.g002
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Fig 3. (A) Waterfall plot depicting the depth of tumor response in patients that had at least 1 efficacy evaluation.
The blue and orange bars represent the percentage of tumor change from baseline for patients treated with cetuximab
plus FOLFOXIRI and cetuximab plus FOLFOX, respectively. The dashed lines correspond to RECIST version 1.1
criteria, with PD indicating an increase of at least 20% in the sum of the diameters of target lesions from baseline, and
PR defined as a minimum of 30% decrease in the sum of the diameters of target lesions from baseline. (B)
Progression-free survival in the ITT population. FOLFOX, 5-fluorouracil, leucovorin, and oxaliplatin; FOLFOXIRI,
5-fluorouracil, leucovorin, oxaliplatin, and irinotecan; DpR, depth of response; IQR, interquartile range; ITT,
intention-to-treat; PD, progressive disease; PR, partial response.

https://doi.org/10.1371/journal.pmed.1004389.g003

resection with or without RFA/SBRT) provided benefits in terms of PFS, with a significant
improvement in PFS from 10.1 months to 13.6 months (HR 2.06, 95% CI [1.32, 3.20], Log-
rank p = 0.001) following adjustment for clinical variables (S3 Fig). A total of 19 (13%) patients
with right-sided tumors also received either the triplet (n = 8) or doublet (n = 11) regimen,
achieving an ORR of 89.5% (17/19), RO/R1 resection with or without RFA/SBRT of 36.8% (7/
19), and a PFS of 12.47 months 95% CI (10.67, 14.26).
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Table 2. All-cause adverse events in the safety population.

Adverse event

Any event

Anemia
Thrombocytopenia
Neutropenia

Febrile neutropenia
Diarrhea

Nausea

Vomiting

Fatigue

Stomatitis

Acneiform rash
Peripheral neuropathy
Hand-foot syndrome
Paronychia
Hypoalbuminemia
Elevated ALT
Elevated AST

Elevated ALP
Hypersensitivity to cetuximab
Hypersensitivity to oxaliplatin

Intestinal obstruction

Cetuximab plus FOLFOX Cetuximab plus FOLFOXIRI (n = 68)

(n=74)

Grade 1-4 Grade 3-4 Grade 1-4 Grade 3-4

72 (97.3%) 35 (47.2%) 65 (95.5%) 38 (55.9%)

41 (55.4%) 4 (5.4%) 42 (61.8%) 2 (2.9%)

11 (14.9%) . 10 (14.7%) 2 (2.9%)

53 (71.6%) 20 (27.0%) 59 (86.8%) 30 (44.1%)
3 (4.1%) - 3 (4.4%)

17 (23.0%) - 50 (73.5%) 4(5.9%)

37 (50.0%) - 41 (60.3%)

17 (23.0%) - 20 (29.4%)

48 (64.9%) 1(1.4%) 44 (64.7%)

45 (60.8%) 10 (13.5%) 48 (70.6%) 7 (10.3%)

55 (74.3%) 1(1.4%) 55 (80.9%)

45 (60.8%) - 44 (64.7%)

6(8.1%) - 4 (5.9%) -

7 (9.5%) 1(1.4%) 6 (8.8%)

31 (41.9%) . 34 (50.0%)

40 (54.1%) 2(2.7%) 39 (57.4%) 2(2.9%)

53 (71.6%) 2 (2.7%) 40 (58.8%) 2 (2.9%)

37 (50.0%) 36 (52.9%)

1(1.4%) 1(1.4%) 0 (0.0%)

1(1.4%) 1(1.4%) 3 (4.4%)

2 (2.7%) 2 (2.7%)

The safety population consists of patients from the intention-to-treat cohort who received at least 1 line of chemotherapy. All adverse events were assessed using the NCI

CTCAE, version 4.03 criteria. The highest grades for each parameter in each patient were selected.

ALT, alanine transaminase; AST, aspartate transaminase, ALP, alkaline phosphatase; NCI, National Cancer Institute; CTCAE, Common Terminology Criteria for

Adverse Events.

https://doi.org/10.1371/journal.pmed.1004389.t002

Safety

Treatment-related adverse events in the safety population are summarized in Table 2.

Grade > 3 events were reported in 47.2% (35/74) of patients in the doublet arm and 55.9%
(38/68) of patients in the triplet arm. Patients in the triplet arm were more likely to suffer from
grade 1-4 neutropenia (86.8% [59/68] versus 71.6% [53/74], p = 0.03) and diarrhea (73.5%
[50/68] versus 23% [17/74], p < 0.001) than those in the doublet arm. Consistently, patients in
the triplet arm had a higher incidence of grade > 3 neutropenia (44.1% [30/68] versus 27.0%
[20/74], p = 0.03) and diarrhea (5.9% [4/68] versus 0%, p = 0.03). Other common grade > 3
adverse events (triplet versus doublet) included febrile neutropenia (4.4% [3/68] versus 4.1%
[3/74]), stomatitis (10.3% [7/68] versus 13.5% [10/74]), and anemia (2.9% [2/68] versus 5.4%
[4/74]). Moreover, 2 patients in the doublet arm suffered from severe hypersensitivities to
cetuximab and oxaliplatin, respectively. Furthermore, in the doublet arm, 2 patients suc-
cumbed to complications of intestinal obstruction induced by the primary tumor.

Discussion

The present study did not meet its primary endpoint, with no significant improvement in
ORR following chemotherapy intensification. In addition, no marked differences in ETS, R0
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resection rate, and PFS were observed between the 2 treatment arms. Nevertheless, the high
efficacy exhibited by both treatment arms in terms of ORR, DpR, and ETS clearly demon-
strates the advantages of combining cetuximab with chemotherapy as the conversion regimen
of choice for RAS/BRAF wild-type CRLM patients.

Previous clinical trials indicated that FOLFOXIRI in combination with an anti-EGFR
inhibitor can confer significant benefits. Notably, Assenat and colleagues [12] previously
designed a single-arm study to investigate the efficacy of cetuximab plus a modified FOLFOX-
IRI regimen in advanced CRC and found that the overall ORR was 80.9% for KRAS wild-type
patients, while PFS and OS were 9.5 and 24.7 months, respectively. Meanwhile, the MAC-
BETH study reported an ORR of 71.6% and an RO resection rate of 51.9% in CRC patients
with liver-only metastases receiving cetuximab plus FOLFOXIRI [13]. Furthermore, in 2 inde-
pendent Phase II studies, the combination of either panitumumab or cetuximab to FOLFOX-
IRI induced a significant benefit in terms of ORR, DpR, ETS, and secondary resection rate in
RAS wild-type mCRC patients with initially technically unresectable CRLM [14,20]. The above
outcomes are similar to those observed in our triplet arm, whereby an ORR of 84.7% and an
RO/R1 resection rate with or without RFA/SBRT of 54.2% (39/72) were achieved, demonstrat-
ing the feasibility and efficacy of this treatment approach. However, there is a paucity of pro-
spective randomized controlled trials to effectively compare the added value of using a triplet
over a doublet chemotherapy backbone in combination with cetuximab in patients with unre-
sectable CRLM, emphasizing the importance of the present study. Previously, the PRODIGE-
14 Phase IT randomized clinical trial investigated the value of chemotherapy intensification in
combination with bevacizumab or cetuximab depending on RAS/BRAF status as a conversion
regimen in initially unresectable liver-only metastases but did not meet its primary endpoint
of increasing RO/R1 resection rate from 50% to 70% with the triplet regimen [21].

While we achieved a similar conclusion to the recent TRIPLETE study, whereby chemo-
therapy intensification in combination with an anti-EGFR antibody conferred limited benefit,
there are several key differences between these 2 studies. The TRIPLETE study compared a
modified schedule of FOLFOXIRI plus panitumumab to FOLFOX plus panitumumab as first-
line therapy for RAS/BRAF wild-type mCRC patients, the majority of whom exhibited multiple
metastatic sites (52%), with only 38% of patients having liver-only disease [22]. In both groups,
chemotherapy plus panitumumab was administered up to 12 cycles, followed by maintenance
with FU/LV and panitumumab. In contrast, the TRICE study exclusively enrolled RAS/BRAF
wild-type CRC patients with technically unresectable CRLM, aiming to evaluate the efficacy of
cetuximab in combination with an intensified chemotherapy backbone in CRC patients who
could potentially achieve conversion to resection. Moreover, no maintenance phase was initi-
ated following the maximum of 12 cycles in both treatment arms, unless patients did not reach
resectability. While the ORR, DpR, and PFS between the 2 studies demonstrated substantial
similarity, the TRICE study documented superior RO resection rates. A potential factor con-
tributing to this trend may stem from differences in the proportion of patients exclusively pre-
senting with liver metastases across the 2 studies. Indeed, our study utilized a different
stratification strategy based on resectability status (technically unresectable versus >5 metasta-
ses) that included more patients that were technically initially unresectable (82.9%) in contrast
to the CELIM study (55.0%) [15,16].

Although cetuximab plus FOLFOXIRI yielded a better DpR in the present study, this did
not translate into a meaningful improvement in the RO resection rate. Currently, there is no
evidence supporting the usefulness of a higher DpR in specific patient populations, such as
those with liver metastases involving all major hepatic veins, although it is plausible that signif-
icant tumor downsizing may facilitate successful surgical resection. In addition, previous stud-
ies have demonstrated a potential correlation between deeper tumor response and longer OS
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[23-25]. Therefore, further analysis after OS maturation and patient stratification is warranted
to determine whether the improved DpR in our triplet arm connotes better overall survival. In
line with the CAIRO 5 study, our findings suggest that patients who underwent successful
local treatment experienced a longer median PFS compared to those who did not achieve R0/
R1 resections, hinting at the importance of devising conversion to resection strategies in
patients with initially unresectable CRLM [10]. Nevertheless, it is important to acknowledge
the potential influence of survivor bias on these results, since patients who underwent success-
ful local treatment and subsequently achieved better PFS may inherently possess favorable
prognostic factors in addition to a preexisting period of PFS prior to surgical intervention as
opposed to those who did not. Therefore, there is a need for sufficiently powered randomized
controlled trials to further validate this finding and address these limitations. Right-sided CRC
patients (n = 19) also achieved a high ORR (89.5%) and ETS rate (73.7%) in both arms but
exhibited a lower conversion rate (36.8%) compared to left-sided CRC patients. Presently, the
use of an anti-EGFR monoclonal antibody in right-sided CRC patients whose treatment goal
is conversion to resection is supported by several studies [14,26,27]. Conversely, a subgroup
analysis within the PARADIGM study recently indicated that right-sided CRC patients treated
with panitumumab displayed a lower response rate and comparable RO resection rate com-
pared to bevacizumab [28]. Consequently, further prospective randomized trials are impera-
tive to validate these findings and elucidate the optimal therapeutic strategy for this specific
patient cohort.

A triplet chemotherapy backbone is typically associated with an inferior safety profile com-
pared to a doublet chemotherapy regimen. Herein, the triplet arm was associated with a higher
incidence of diarrhea (73.5% versus 23%, chi-square, p < 0.001) and neutropenia (86.8% ver-
sus 71.6%, chi-square, p = 0.03) compared to the doublet arm, in line with the TRIPLETE
study. However, we documented a lower incidence of grade > 3 diarrhea (5.9%) in the triplet
arm versus the 23% reported in the TRIPLETE study despite similar irinotecan and fluoroura-
cil concentrations used. In the FOCULM trial conducted in RAS/BRAF wild-type mCRC
patients of Asian descent, 165 mg/m? irinotecan was utilized, and only 7.5% of patients experi-
enced grade > 3 diarrhea, aligning with the lower incidence of grade > 3 diarrhea we reported
in our study when 150 mg/m? irinotecan was used. Growing evidence suggests that UGTIA1
polymorphisms can elevate the risk of severe irinotecan-related toxicities, particularly
grade > 3 myelosuppression and diarrhea [29-31]. Considering that the prevalence of the
UGTI1ATI*28 genotype in the Asian population is nearly 2.5 times lower than in the white pop-
ulation (16% versus 39%) [32], this discrepancy could potentially contribute to the observed
contrast. Recently, the AXEPT study, which was conducted across 98 hospitals in Japan, South
Korea, and China, reported only 7.7% (50/650) of patients with polymorphisms homozygous
for UGTIA1*6 or UGT1A1%28 or double heterozygous for UGT1A1*6 and UGT1A1*28 [33].
Herein, none of the patients in the cetuximab plus FOLFOXIRI arm exhibited polymorphisms
for UGT1A1%6 or UGT1A1*28, providing additional insight into the reduced incidence of
grade > 3 diarrhea.

Nonetheless, the present study has several limitations, including selecting ORR as a surro-
gate endpoint instead of using overall survival, which is considered the gold standard for
assessing treatment efficacy in clinical trials. Whether alternative primary endpoints to OS,
such as DpR and time to surgical failure, could be superior to ORR remains to be determined.
Moreover, stratified balanced sampling of the technically unresectable subgroup was not con-
ducted, resulting in a higher number of patients with more than 10 metastases in the triplet
arm (41.7% versus 33.8%), potentially leading to the longer but not statistically longer PFS in
the doublet arm. Lastly, inevitable bias in subjective surgical decisions regarding resection

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004389 May 10, 2024 13/18


https://doi.org/10.1371/journal.pmed.1004389

PLOS MEDICINE

Cetuximab plus FOLFOXIRI or FOLFOX as conversion regimen in RAS/BRAF wild-type mCRC patients

feasibility may have influenced our study outcomes, suggesting the need for a centralized sur-
gical and ORR assessment in the future.

Taken together, our findings underscore the recommendation to prioritize cetuximab plus
FOLFOX as the preferred regimen for unresectable RAS/BRAF wild-type CRLM patients
undergoing conversion to resection. Although cetuximab in combination with FOLFOXIRI
can significantly increase the depth of tumor response for RAS/BRAF wild-type patients with
initially unresectable CRLM, this improvement did not translate into superior ORR or R0
resection rates. Instead, this treatment intensification was associated with increased treatment-
related toxicity.
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respective p values for interaction. ECOG, Eastern Cooperative Oncology Group; OR, odds
ratio; CI, confidence interval; mets., metastases; LDH, Lactate dehydrogenase.

(TIF)

S2 Fig. Subgroup analysis of PFS based on the baseline patient clinical factors with respec-
tive p values for interaction. ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio;
CI, confidence interval; mets., metastases; LDH, Lactate dehydrogenase.

(TIF)

S3 Fig. Progression-free survival of patients with successful versus unsuccessful local treat-
ment. HR, hazard ratio; PES, progression-free survival; CI, confidence interval.
(TIF)

S1 Table. Best objective response rate as per RECIST version 1.1. *Patients in the ITT popu-
lation that did not have at least 1 efficacy assessment. RECIST, Response Evaluation Criteria in
Solid Tumors; FOLFOX, fluorouracil, leucovorin, and oxaliplatin; FOLFOXIRI, modified fluo-
rouracil, leucovorin, oxaliplatin, and irinotecan.

(DOCX)

S2 Table. Postoperative complications and RO resection rates. *Included patients who
needed blood transfusions and those who needed total parenteral nutrition due to intestinal
obstruction. “Included patients who needed stent placement due to post-hepatectomy bile
duct leaks. FOLFOX, fluorouracil, leucovorin, and oxaliplatin; FOLFOXIRI, modified fluoro-
uracil, leucovorin, oxaliplatin, and irinotecan; RFA, radiofrequency ablation; SBRT, Stereotac-
tic body radiotherapy.

(DOCX)

S$1 Data. Study protocol.
(DOCX)

S2 Data. Consort checklist.
(DOCX)

Acknowledgments

We are grateful to those who participated in this study, including the patients, medical staff,
and study coordinators.

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004389 May 10, 2024 14/18


http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004389.s001
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004389.s002
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004389.s003
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004389.s004
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004389.s005
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004389.s006
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004389.s007
https://doi.org/10.1371/journal.pmed.1004389

PLOS MEDICINE

Cetuximab plus FOLFOXIRI or FOLFOX as conversion regimen in RAS/BRAF wild-type mCRC patients

Author Contributions

Conceptualization: De-Shen Wang, Chao Ren, Bin-Kui Li, Pei-Rong Ding, Gong Chen,
Feng-Hua Wang, Hui-Yan Luo, Yun-Fei Yuan, Rui-Hua Xu, Yu-Hong Li.

Data curation: William Pat Fong, Xiao-Jun Wu, Yun Zheng, Pei-Rong Ding, Miao-Zhen Qiu,
Zhi-Qiang Wang, Feng-Hua Wang, Hui-Yan Luo, Feng Wang, Xiao-Zhong Wang, Ling-
Yun Wang, De-Jin Xie, Tao Chen, Zhen-Hai Lu, Tian-Shu Liu, Jia-Qi Chen, Qiong Tan,
Zhi-Zhong Pan, Yun-Fei Yuan, Rui-Hua Xu.

Formal analysis: De-Shen Wang, Chao Ren, Shan-Shan Li, William Pat Fong, Jian Xiao, Bin-
Kui Li, Yun Zheng, Pei-Rong Ding, Gong Chen, Miao-Zhen Qiu, Zhi-Qiang Wang, Feng-
Hua Wang, Hui-Yan Luo, Feng Wang, Ling-Yun Wang, Tao Chen, Li-Ren Li, Zhen-Hai
Lu, Xiao-Hui Zhai, Tian-Shu Liu, Ying Yuan, Jia-Qi Chen, De-Sen Wan, Rong Zhang,
Yun-Fei Yuan, Rui-Hua Xu, Yu-Hong Li.

Funding acquisition: De-Shen Wang, Qiong Tan.

Investigation: De-Shen Wang, Chao Ren, Shan-Shan Li, William Pat Fong, Jian Xiao, Bin-Kui
Li, Pei-Rong Ding, Gong Chen, Miao-Zhen Qiu, Zhi-Qiang Wang, Feng-Hua Wang, Hui-
Yan Luo, Feng Wang, Xiao-Zhong Wang, Ling-Yun Wang, De-Jin Xie, Tao Chen, Li-Ren
Li, Zhen-Hai Lu, Xiao-Hui Zhai, Tian-Shu Liu, Ying Yuan, Jia-Qi Chen, Qiong Tan, Zhi-
Zhong Pan, De-Sen Wan, Rong Zhang, Yun-Fei Yuan, Rui-Hua Xu, Yu-Hong Li.

Methodology: De-Shen Wang, William Pat Fong, Xiao-Jun Wu, Bin-Kui Li, Yun Zheng,
Gong Chen, Miao-Zhen Qiu, Zhi-Qiang Wang, Feng-Hua Wang, Hui-Yan Luo, Feng
Wang, Tao Chen, Li-Ren Li, Zhen-Hai Lu, Xiao-Hui Zhai, Ying Yuan, Rong Zhang, Yun-
Fei Yuan, Rui-Hua Xu, Yu-Hong Li.

Project administration: De-Shen Wang, Xiao-Jun Wu, Jian Xiao, Bin-Kui Li, Pei-Rong Ding,
Miao-Zhen Qiu, Xiao-Hui Zhai, Qiong Tan, Zhi-Zhong Pan, De-Sen Wan, Yun-Fei Yuan,
Rui-Hua Xu, Yu-Hong Li.

Resources: Xiao-Jun Wu, Pei-Rong Ding, Zhi-Qiang Wang, Tao Chen, Tian-Shu Liu, Jia-Qi
Chen, Qiong Tan, Zhi-Zhong Pan, Rong Zhang, Yun-Fei Yuan, Rui-Hua Xu.

Software: Ling-Yun Wang, Xiao-Hui Zhai, Qiong Tan.

Supervision: Chao Ren, Shan-Shan Li, Xiao-Jun Wu, Jian Xiao, Gong Chen, Zhi-Qiang Wang,
Hui-Yan Luo, Feng Wang, Xiao-Zhong Wang, Ling-Yun Wang, De-Jin Xie, Tao Chen, Li-
Ren Li, Tian-Shu Liu, Ying Yuan, Jia-Qi Chen, Qiong Tan, Zhi-Zhong Pan, De-Sen Wan,
Rong Zhang, Yun-Fei Yuan, Rui-Hua Xu, Yu-Hong Li.

Validation: Shan-Shan Li, William Pat Fong, Yun Zheng, Feng-Hua Wang, Xiao-Zhong
Wang, Ling-Yun Wang, De-Jin Xie, Tao Chen, Li-Ren Li, Xiao-Hui Zhai, Tian-Shu Liu,
Jia-Qi Chen, Zhi-Zhong Pan, Rong Zhang, Yun-Fei Yuan, Yu-Hong Li.

Visualization: De-Shen Wang, Shan-Shan Li, Yun Zheng, Pei-Rong Ding, Miao-Zhen Qiu,
Feng-Hua Wang, Feng Wang, Xiao-Zhong Wang, De-Jin Xie, Li-Ren Li, Zhen-Hai Lu,
Xiao-Hui Zhai, Ying Yuan, Jia-Qi Chen, Qiong Tan, Zhi-Zhong Pan, Rong Zhang, Yun-Fei
Yuan.

Writing - original draft: De-Shen Wang, William Pat Fong, Yu-Hong Li.

Writing - review & editing: De-Shen Wang, Chao Ren, Shan-Shan Li, William Pat Fong,
Xiao-Jun Wu, Jian Xiao, Bin-Kui Li, Yun Zheng, Pei-Rong Ding, Gong Chen, Miao-Zhen
Qiu, Zhi-Qiang Wang, Feng-Hua Wang, Hui-Yan Luo, Feng Wang, Xiao-Zhong Wang,

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004389 May 10, 2024 15/18


https://doi.org/10.1371/journal.pmed.1004389

PLOS MEDICINE

Cetuximab plus FOLFOXIRI or FOLFOX as conversion regimen in RAS/BRAF wild-type mCRC patients

Ling-Yun Wang, De-Jin Xie, Tao Chen, Li-Ren Li, Zhen-Hai Lu, Xiao-Hui Zhai, Tian-Shu
Liu, Ying Yuan, Jia-Qi Chen, Zhi-Zhong Pan, De-Sen Wan, Rong Zhang, Yun-Fei Yuan,
Rui-Hua Xu, Yu-Hong Li.

References

1.

10.

11.

12.

13.

14.

15.

Biller LH, Schrag D. Diagnosis and Treatment of Metastatic Colorectal Cancer: A Review. JAMA. 2021;
325(7):669-85. https://doi.org/10.1001/jama.2021.0106 PMID: 33591350.

Poston GJ, Adam R, Alberts S, Curley S, Figueras J, Haller D, et al. OncoSurge: a strategy for improv-
ing resectability with curative intent in metastatic colorectal cancer. J Clin Oncol. 2005; 23(28):7125-34.
https://doi.org/10.1200/JC0.2005.08.722 PMID: 16192596.

Adam R, Delvart V, Pascal G, Valeanu A, Castaing D, Azoulay D, et al. Rescue surgery for unresectable
colorectal liver metastases downstaged by chemotherapy: a model to predict long-term survival. Ann
Surg. 2004; 240(4):644-57; discussion 57-8. https://doi.org/10.1097/01.sla.0000141198.92114.16
PMID: 15383792; PubMed Central PMCID: PMC1356466.

Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA Cancer J Clin. 2005; 55(2):74—
108. https://doi.org/10.3322/canjclin.55.2.74 PMID: 15761078.

Abdalla EK, Vauthey JN, Ellis LM, Ellis V, Pollock R, Broglio KR, et al. Recurrence and outcomes follow-
ing hepatic resection, radiofrequency ablation, and combined resection/ablation for colorectal liver
metastases. Ann Surg. 2004; 239(6):818-25; discussion 25-7. https://doi.org/10.1097/01.sla.
0000128305.90650.71 PMID: 15166961; PubMed Central PMCID: PMC1356290.

Folprecht G, Grothey A, Alberts S, Raab HR, Kohne CH. Neoadjuvant treatment of unresectable colo-
rectal liver metastases: correlation between tumour response and resection rates. Ann Oncol. 2005; 16
(8):1311-9. Epub 20050503. https://doi.org/10.1093/annonc/mdi246 PMID: 15870084.

Aranda E, Vieitez JM, Gomez-Espana A, Gil Calle S, Salud-Salvia A, Grana B, et al. FOLFOXIRI plus
bevacizumab versus FOLFOX plus bevacizumab for patients with metastatic colorectal cancer and >/ =
3 circulating tumour cells: the randomised phase Il VISNU-1 trial. ESMO Open. 2020; 5(6):e000944.
https://doi.org/10.1136/esmoopen-2020-000944 PMID: 33148620; PubMed Central PMCID:
PMC7640586.

Cremolini C, Loupakis F, Antoniotti C, Lupi C, Sensi E, Lonardi S, et al. FOLFOXIRI plus bevacizumab
versus FOLFIRI plus bevacizumab as first-line treatment of patients with metastatic colorectal cancer:
updated overall survival and molecular subgroup analyses of the open-label, phase 3 TRIBE study. Lan-
cet Oncol. 2015; 16(13):1306—15. Epub 20150831. https://doi.org/10.1016/S1470-2045(15)00122-9
PMID: 26338525.

Loupakis F, Cremolini C, Masi G, Lonardi S, Zagonel V, Salvatore L, et al. Initial therapy with FOLFOX-
IRI and bevacizumab for metastatic colorectal cancer. N Engl J Med. 2014; 371(17):1609—18. https:/
doi.org/10.1056/NEJMo0a1403108 PMID: 25337750.

Bond MJG, Bolhuis K, Loosveld OJL, de Groot JWB, Droogendijk H, Helgason HH, et al. First-line sys-
temic treatment strategies in patients with initially unresectable colorectal cancer liver metastases
(CAIROS): an open-label, multicentre, randomised, controlled, phase 3 study from the Dutch Colorectal
Cancer Group. Lancet Oncol. 2023; 24(7):757—71. Epub 20230614. https://doi.org/10.1016/S1470-
2045(23)00219-X PMID: 37329889.

Imai K, Baba H. Initially unresectable colorectal liver metastases: the best therapeutic regimens. Lancet
Oncol. 2023; 24(7):711-3. Epub 20230614. https://doi.org/10.1016/S1470-2045(23)00271-1 PMID:
37329890.

Assenat E, Desseigne F, Thezenas S, Viret F, Mineur L, Kramar A, et al. Cetuximab plus FOLFIRINOX
(ERBIRINOX) as first-line treatment for unresectable metastatic colorectal cancer: a phase Il trial.
Oncologist. 2011; 16(11):1557—64. Epub 20111020. https://doi.org/10.1634/theoncologist.2011-0141
PMID: 22016477; PubMed Central PMCID: PMC3233290.

Cremolini C, Antoniotti C, Lonardi S, Aprile G, Bergamo F, Masi G, et al. Activity and Safety of Cetuxi-
mab Plus Modified FOLFOXIRI Followed by Maintenance With Cetuximab or Bevacizumab for RAS
and BRAF Wild-type Metastatic Colorectal Cancer: A Randomized Phase 2 Clinical Trial. JAMA Oncol.
2018; 4(4):529-36. https://doi.org/10.1001/jamaoncol.2017.5314 PMID: 29450468; PubMed Central
PMCID: PMC5885260.

Modest DP, Martens UM, Riera-Knorrenschild J, Greeve J, Florschutz A, Wessendorf S, et al. FOL-
FOXIRI Plus Panitumumab As First-Line Treatment of RAS Wild-Type Metastatic Colorectal Cancer:
The Randomized, Open-Label, Phase |l VOLFI Study (AIO KRK0109). J Clin Oncol. 2019; 37
(85):3401-11. Epub 20191014. https://doi.org/10.1200/JC0O.19.01340 PMID: 31609637.

Folprecht G, Gruenberger T, Bechstein WO, Raab HR, Lordick F, Hartmann JT, et al. Tumour response
and secondary resectability of colorectal liver metastases following neoadjuvant chemotherapy with

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004389 May 10, 2024 16/18


https://doi.org/10.1001/jama.2021.0106
http://www.ncbi.nlm.nih.gov/pubmed/33591350
https://doi.org/10.1200/JCO.2005.08.722
http://www.ncbi.nlm.nih.gov/pubmed/16192596
https://doi.org/10.1097/01.sla.0000141198.92114.f6
http://www.ncbi.nlm.nih.gov/pubmed/15383792
https://doi.org/10.3322/canjclin.55.2.74
http://www.ncbi.nlm.nih.gov/pubmed/15761078
https://doi.org/10.1097/01.sla.0000128305.90650.71
https://doi.org/10.1097/01.sla.0000128305.90650.71
http://www.ncbi.nlm.nih.gov/pubmed/15166961
https://doi.org/10.1093/annonc/mdi246
http://www.ncbi.nlm.nih.gov/pubmed/15870084
https://doi.org/10.1136/esmoopen-2020-000944
http://www.ncbi.nlm.nih.gov/pubmed/33148620
https://doi.org/10.1016/S1470-2045%2815%2900122-9
http://www.ncbi.nlm.nih.gov/pubmed/26338525
https://doi.org/10.1056/NEJMoa1403108
https://doi.org/10.1056/NEJMoa1403108
http://www.ncbi.nlm.nih.gov/pubmed/25337750
https://doi.org/10.1016/S1470-2045%2823%2900219-X
https://doi.org/10.1016/S1470-2045%2823%2900219-X
http://www.ncbi.nlm.nih.gov/pubmed/37329889
https://doi.org/10.1016/S1470-2045%2823%2900271-1
http://www.ncbi.nlm.nih.gov/pubmed/37329890
https://doi.org/10.1634/theoncologist.2011-0141
http://www.ncbi.nlm.nih.gov/pubmed/22016477
https://doi.org/10.1001/jamaoncol.2017.5314
http://www.ncbi.nlm.nih.gov/pubmed/29450468
https://doi.org/10.1200/JCO.19.01340
http://www.ncbi.nlm.nih.gov/pubmed/31609637
https://doi.org/10.1371/journal.pmed.1004389

PLOS MEDICINE

Cetuximab plus FOLFOXIRI or FOLFOX as conversion regimen in RAS/BRAF wild-type mCRC patients

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

cetuximab: the CELIM randomised phase 2 trial. Lancet Oncol. 2010; 11(1):38—47. Epub 20091126.
https://doi.org/10.1016/S1470-2045(09)70330-4 PMID: 19942479.

Folprecht G, Gruenberger T, Bechstein W, Raab HR, Weitz J, Lordick F, et al. Survival of patients with
initially unresectable colorectal liver metastases treated with FOLFOX/cetuximab or FOLFIRI/cetuxi-
mab in a multidisciplinary concept (CELIM study). Ann Oncol. 2014; 25(5):1018-25. Epub 20140227.
https://doi.org/10.1093/annonc/mdu088 PMID: 24585720.

Storer BE. Design and analysis of phase | clinical trials. Biometrics. 1989; 45(3):925-37. PMID:
2790129.

Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al. New response evalua-
tion criteria in solid tumours: revised RECIST guideline (version 1.1). Eur J Cancer. 2009; 45(2):228—
47. https://doi.org/10.1016/j.ejca.2008.10.026 PMID: 19097774.

Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a new proposal with evalu-
ation in a cohort of 6336 patients and results of a survey. Ann Surg. 2004; 240(2):205—13. https://doi.
org/10.1097/01.sla.0000133083.54934.ae PMID: 15273542; PubMed Central PMCID: PMC1360123.

Hu H, Wang K, Huang M, Kang L, Wang W, Wang H, et al. Modified FOLFOXIRI With or Without Cetux-
imab as Conversion Therapy in Patients with RAS/BRAF Wild-Type Unresectable Liver Metastases
Colorectal Cancer: The FOCULM Multicenter Phase Il Trial. Oncologist. 2021; 26(1):e90—e8. Epub
202009083. https://doi.org/10.1634/theoncologist.2020-0563 PMID: 33400355; PubMed Central
PMCID: PMC7794191.

Ychou M, Rivoire M, Thezenas S, Guimbaud R, Ghiringhelli F, Mercier-Blas A, et al. Chemotherapy
(doublet or triplet) plus targeted therapy by RAS status as conversion therapy in colorectal cancer
patients with initially unresectable liver-only metastases. The UNICANCER PRODIGE-14 randomised
clinical trial. Br J Cancer. 2022; 126(9):1264—70. Epub 20220106. https://doi.org/10.1038/s41416-021-
01644-y PMID: 34992255; PubMed Central PMCID: PMC9042909.

Rossini D, Antoniotti C, Lonardi S, Pietrantonio F, Moretto R, Antonuzzo L, et al. Upfront Modified Fluo-
rouracil, Leucovorin, Oxaliplatin, and Irinotecan Plus Panitumumab Versus Fluorouracil, Leucovorin,
and Oxaliplatin Plus Panitumumab for Patients With RAS/BRAF Wild-Type Metastatic Colorectal Can-
cer: The Phase lll TRIPLETE Study by GONO. J Clin Oncol. 2022; 40(25):2878-88. Epub 20220606.
https://doi.org/10.1200/JC0.22.00839 PMID: 35666229; PubMed Central PMCID: PMC9426812.

Cremolini C, Loupakis F, Antoniotti C, Lonardi S, Masi G, Salvatore L, et al. Early tumor shrinkage and
depth of response predict long-term outcome in metastatic colorectal cancer patients treated with first-
line chemotherapy plus bevacizumab: results from phase Il TRIBE trial by the Gruppo Oncologico del
Nord Ovest. Ann Oncol. 2015; 26(6):1188-94. Epub 20150223. https://doi.org/10.1093/annonc/
mdv112 PMID: 25712456.

Tsuji A, Sunakawa Y, Ichikawa W, Nakamura M, Kochi M, Denda T, et al. Early Tumor Shrinkage and
Depth of Response as Predictors of Favorable Treatment Outcomes in Patients with Metastatic Colo-
rectal Cancer Treated with FOLFOX Plus Cetuximab (JACCRO CC-05). Target Oncol. 2016; 11
(6):799-806. https://doi.org/10.1007/s11523-016-0445-6 PMID: 27306648.

Heinemann V, Stintzing S, Modest DP, Giessen-Jung C, Michl M, Mansmann UR. Early tumour shrink-
age (ETS) and depth of response (DpR) in the treatment of patients with metastatic colorectal cancer
(mCRC). Eur J Cancer. 2015; 51(14):1927-36. Epub 20150715. https://doi.org/10.1016/j.ejca.2015.06.
116 PMID: 26188850.

Arnold D, Lueza B, Douillard JY, Peeters M, Lenz HJ, Venook A, et al. Prognostic and predictive value
of primary tumour side in patients with RAS wild-type metastatic colorectal cancer treated with chemo-
therapy and EGFR directed antibodies in six randomized trials. Ann Oncol. 2017; 28(8):1713-29.
https://doi.org/10.1093/annonc/mdx175 PMID: 28407110; PubMed Central PMCID: PMC6246616.

Sunakawa Y, Tsuiji A, Fujii M, Ichikawa W. No benefit from the addition of anti-EGFR antibody in all
right-sided metastatic colorectal cancer? Ann Oncol. 2017; 28(8):2030-1. https://doi.org/10.1093/
annonc/mdx231 PMID: 28475674.

Watanabe J, Muro K, Shitara K, Yamazaki K, Shiozawa M, Ohori H, et al. Panitumumab vs Bevacizu-
mab Added to Standard First-line Chemotherapy and Overall Survival Among Patients With RAS Wild-
type, Left-Sided Metastatic Colorectal Cancer: A Randomized Clinical Trial. JAMA. 2023; 329
(15):1271-82. https://doi.org/10.1001/jama.2023.4428 PMID: 37071094; PubMed Central PMCID:
PMC10114040.

GuanY, ShenY, XuY, Li C, Wang J, Gu W, et al. An expansion study of genotype-driven weekly irinote-
can and capecitabine in combination with neoadjuvant radiotherapy for locally advanced rectal cancer
with UGT1A1 *1*1 genotype. Therap Adv Gastroenterol. 2019; 12:1756284819852293. Epub
20190606. https://doi.org/10.1177/1756284819852293 PMID: 31217818; PubMed Central PMCID:
PMC6557009.

Wang J, Fan J, Li C, Yang L, Wan J, Zhang H, et al. The Impact of Chemotherapy Completion on the
Efficacy of Irinotecan in the Preoperative Chemoradiotherapy of Locally Advanced Rectal Cancer: An

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004389 May 10, 2024 17/18


https://doi.org/10.1016/S1470-2045%2809%2970330-4
http://www.ncbi.nlm.nih.gov/pubmed/19942479
https://doi.org/10.1093/annonc/mdu088
http://www.ncbi.nlm.nih.gov/pubmed/24585720
http://www.ncbi.nlm.nih.gov/pubmed/2790129
https://doi.org/10.1016/j.ejca.2008.10.026
http://www.ncbi.nlm.nih.gov/pubmed/19097774
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1097/01.sla.0000133083.54934.ae
http://www.ncbi.nlm.nih.gov/pubmed/15273542
https://doi.org/10.1634/theoncologist.2020-0563
http://www.ncbi.nlm.nih.gov/pubmed/33400355
https://doi.org/10.1038/s41416-021-01644-y
https://doi.org/10.1038/s41416-021-01644-y
http://www.ncbi.nlm.nih.gov/pubmed/34992255
https://doi.org/10.1200/JCO.22.00839
http://www.ncbi.nlm.nih.gov/pubmed/35666229
https://doi.org/10.1093/annonc/mdv112
https://doi.org/10.1093/annonc/mdv112
http://www.ncbi.nlm.nih.gov/pubmed/25712456
https://doi.org/10.1007/s11523-016-0445-6
http://www.ncbi.nlm.nih.gov/pubmed/27306648
https://doi.org/10.1016/j.ejca.2015.06.116
https://doi.org/10.1016/j.ejca.2015.06.116
http://www.ncbi.nlm.nih.gov/pubmed/26188850
https://doi.org/10.1093/annonc/mdx175
http://www.ncbi.nlm.nih.gov/pubmed/28407110
https://doi.org/10.1093/annonc/mdx231
https://doi.org/10.1093/annonc/mdx231
http://www.ncbi.nlm.nih.gov/pubmed/28475674
https://doi.org/10.1001/jama.2023.4428
http://www.ncbi.nlm.nih.gov/pubmed/37071094
https://doi.org/10.1177/1756284819852293
http://www.ncbi.nlm.nih.gov/pubmed/31217818
https://doi.org/10.1371/journal.pmed.1004389

PLOS MEDICINE

Cetuximab plus FOLFOXIRI or FOLFOX as conversion regimen in RAS/BRAF wild-type mCRC patients

31.

32.

33.

Expanded Analysis of the CinClare Phase Il Trial. Clin Colorectal Cancer. 2020; 19(2):e58—e69. Epub
20200204. https://doi.org/10.1016/j.clcc.2020.01.004 PMID: 32265117.

Innocenti F, Undevia SD, lyer L, Chen PX, Das S, Kocherginsky M, et al. Genetic variants in the UDP-
glucuronosyltransferase 1A1 gene predict the risk of severe neutropenia of irinotecan. J Clin Oncol.
2004; 22(8):1382-8. Epub 20040308. https://doi.org/10.1200/JC0O.2004.07.173 PMID: 15007088.

Zhu J, Liu A, Sun X, Liu L, Zhu Y, Zhang T, et al. Multicenter, Randomized, Phase Ill Trial of Neoadju-
vant Chemoradiation With Capecitabine and Irinotecan Guided by UGT1A1 Status in Patients With
Locally Advanced Rectal Cancer. J Clin Oncol. 2020; 38(36):4231-9. Epub 20201029. https://doi.org/
10.1200/JC0.20.01932 PMID: 33119477; PubMed Central PMCID: PMC7768334.

Xu RH, Muro K, Morita S, lwasa S, Han SW, Wang W, et al. Modified XELIRI (capecitabine plus irinote-
can) versus FOLFIRI (leucovorin, fluorouracil, and irinotecan), both either with or without bevacizumab,
as second-line therapy for metastatic colorectal cancer (AXEPT): a multicentre, open-label, rando-
mised, non-inferiority, phase 3 trial. Lancet Oncol. 2018; 19(5):660-71. Epub 20180316. https://doi.org/
10.1016/S1470-2045(18)30140-2 PMID: 29555258.

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004389 May 10, 2024 18/18


https://doi.org/10.1016/j.clcc.2020.01.004
http://www.ncbi.nlm.nih.gov/pubmed/32265117
https://doi.org/10.1200/JCO.2004.07.173
http://www.ncbi.nlm.nih.gov/pubmed/15007088
https://doi.org/10.1200/JCO.20.01932
https://doi.org/10.1200/JCO.20.01932
http://www.ncbi.nlm.nih.gov/pubmed/33119477
https://doi.org/10.1016/S1470-2045%2818%2930140-2
https://doi.org/10.1016/S1470-2045%2818%2930140-2
http://www.ncbi.nlm.nih.gov/pubmed/29555258
https://doi.org/10.1371/journal.pmed.1004389

