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A B S T R A C T

Background: Primary tumor sidedness (PTS) with discrimination of left-sided (LC) and right-sided tumors (RC) 
guides patient selection for targeted first-line therapy in RAS wild-type (RAS-WT) metastatic colorectal cancer 
(mCRC). This study assessed the hypothesis whether considering PTS with additional clinical parameters better 
predicts the treatment benefit of targeted first-line treatment.
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Biomarker combination
Comprehensive statistical modeling
FOLFIRI
Cetuximab
Bevacizumab

Methods: In FIRE-3, first-line treatment with folinic acid, fluorouracil and irinotecan (FOLFIRI) plus cetuximab 
(FOLFIRI/Cet) was compared to FOLFIRI plus bevacizumab (FOLFIRI/Bev) in patients with RAS-WT mCRC and 
unresectable metastasis. We evaluated whether combining PTS with number of metastatic sites (NOM), liver- 
limited disease status (LLD), age, sex, or carcinoembryonic antigen level (CEA) better predicts treatment 
benefit regarding overall survival (OS). Here, Cox regression models with second-order interactions were 
applied. Further, the results were validated by policy learning and Lasso regression analysis.
Findings: Among 400 RAS-WT mCRC patients, combining PTS with LLD status in a Cox regression model out
performed PTS alone for predicted treatment benefit (P = 0⋅005; c‑index=0⋅603). Significant OS benefit from 
FOLFIRI/Cet over FOLFIRI/Bev was observed in LC/non-LLD patients (HR=0⋅62; 95 %-confidence interval [CI]=
0⋅46–0⋅82; P = 0⋅002), but mitigated in LC/LLD patients (HR=0⋅83; 95 %-CI=0⋅53–1⋅29; P = 0⋅400). In RC/non- 
LLD patients, FOLFIRI/Bev demonstrated a significant OS advantage over FOLFIRI/Cet (HR=2⋅09; 
95 %‑CI=1⋅20–3⋅63; P = 0⋅010). However, RC/LLD patients showed potential benefit from FOLFIRI/Cet, though 
not statistically significant (HR=0⋅59; 95 %-CI=0⋅25–1⋅39; P = 0⋅218).
Interpretation: Incorporating PTS and LLD status might improve selection of targeted first-line treatment in RAS- 
WT mCRC patients. FOLFIRI/Cet appears to be particularly beneficial for LC/non-LLD patients with mitigated 
benefit in patients with LC/LLD. In contrast, FOLFIRI/Bev is significantly favoured over FOLFIRI/Cet in patients 
with RC/non-LLD. Notably, RC/LLD patients may still benefit from anti-EGFR therapy despite right-sided pri
mary tumor. These results are hypothesis-generating and warrant further validation.

1. Introduction

Colorectal cancer (CRC) ranks as the fourth leading cause of cancer- 
related mortality globally, with nearly half of all CRC patients devel
oping distant metastasis (mCRC) [1]. The introduction of chemotherapy 
combined with monoclonal antibodies bevacizumab targeting vascular 
endothelial growth factor (VEGF) and cetuximab or panitumumab tar
geting epithelial growth factor receptor (EGFR) has significantly 
improved outcomes, extending median overall survival (OS) to 30–40 
months in selected mCRC patient cohorts [2,3].

Patient stratification for first-line systemic treatment hinges on pri
mary tumor sidedness (PTS) and the mutation status of KRAS, NRAS and 
BRAF genes as well as mismatch-repair–deficient or microsatellite- 
instability–high (dMMR/MSI-h) status, all of which are established 
predictive biomarkers for clinical decision making [4]. Upfront check
point inhibition is approved for patients with dMMR/MSI-h tumors [5, 
6]. While first-line anti-EGFR agents plus standard chemotherapy offers 
survival benefit primarily in left-sided tumors (LC) with wild-type KRAS, 
NRAS, and BRAF, not all LC patients equally benefit, with over 20 % 
showing no objective tumor response [7]. The exploration of a broader 
panel of gene alterations using circulating tumor DNA (ctDNA) or gene 
expression analysis holds promises to enhance optimal treatment se
lection, however, challenges in costs and availability persist [8].

Given the pivotal role of PTS in patient stratification and the need for 
practical and accessible predictive tools, we hypothesized that inte
grating PTS with additional clinical parameters may offer a feasible 
approach to optimize first-line treatment selection.

For our analysis, we chose clinical parameters based on potentially 
predictive relevance. Specifically, recent reports highlighted the rele
vance of the metastatic patterns in the management of mCRC. For 
instance, presence of liver metastasis has been identified as a negative 
predictive factor for immunotherapy in non-dMMR mCRC [9]. Further, 
different metastatic patterns, e.g. peritoneal carcinomatosis and lung 
metastasis, influence the ability to measure circulating tumor DNA 
(ctDNA) [10]. Finally, the presence of liver-limited disease (LLD) was 
subject to the randomized phase III trial CAIRO5 which evaluated the 
best systemic conversion regimen for secondary resection of initially 
unresectable liver metastases, questioning the relevance for anti-EGFR 
treatment in patients with LC and LLD [11,12]. Hence, in our current 
analyses, we evaluated the LLD status and number of metastatic sites 
(NOM) alongside potentially predictive baseline demographics age, sex 
as well as carcinoembryonic antigen serum level (CEA) based on pre
vious results of the FIRE study group [13–17].

The current study utilized data of the open-label randomized phase 
III trial FIRE-3 (AIO KRK0306), which assigned RAS-WT patients with 
irresectable mCRC to receive fluorouracil, folinic acid and irinotecan 

(FOLFIRI) plus either cetuximab (FOLFIRI/Cet) or bevacizumab (FOL
FIRI/Bev) [2, 18, 19]. At comparable progression-free survival (PFS) 
between both treatment arms, FOLFIRI/Cet compared to FOLFIRI/Bev 
resulted in a significantly higher objective response rate (ORR) in the per 
protocol population as primary endpoint and longer overall survival 
(OS) further reflecting the relevance of PTS [2].

2. Methods

2.1. Trial design and patient population

FIRE-3/AIO KRK0306 was a prospective, multicenter, open-label 
phase III study (NCT00433927) recruiting patients both in Germany 
and Austria between Jan 23, 2007, and Sept 19, 2012. The study design, 
conduct of the trial, the full study population, treatment schedules, 
concordance with the Declaration of Helsinki and approval of ethics 
committees were reported previously [2]. Written informed consent was 
obtained from all patients before any study-related procedures took 
place. Sex was documented by the treating physician according to 
registration in the patient chart; options were male or female.

Briefly, FIRE-3 compared FOLFIRI combined with either cetuximab 
or bevacizumab as first-line treatment in patients with unresectable 
mCRC and KRAS-WT tumors. In light of the adoption of RAS analyses as 
an improved biomarker of response to cetuximab therapy and its eval
uation in FIRE-3, we focused our current analyses on the the RAS-WT 
population, as previously described [19]. With comparable PFS between 
treatment arms despite OS advantage for FOLFIRI/Cet over FOLFIR
I/Bev in the intention-to-treat as well as per-protocol population of 
FIRE-3 [2,19], we selected OS as the primary endpoint for this subgroup 
analysis focusing on patient survival.

2.2. Statistical analysis

For stratifying patients, a range of baseline clinical parameters and 
their combinations were investigated in terms of OS comparing FOL
FIRI/Cet and FOLFIRI/Bev to test for potential treatment benefits.

Specifically, the investigated binary parameters included age (>65 
years), liver-limited disease status (LLD), number of metastatic sites (<1; 
NOM), primary tumor sidedness (left- or right-sided according to splenic 
flexure; PTS), sex (male or female) and carcinoembryonic antigen level 
(>10 ng/ml; CEA). Missing CEA values were imputed using the mice R 
package to ensure completeness of the dataset.

Initially, we employed Cox regression modeling to assess clinical 
parameters individually, examining their first-order interactions with 
the treatment arm. For this analysis, we compared the baseline model, 
which included a single clinical parameter and the treatment arm as 
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main effects, with the more complex model adding a first-order inter
action term between the clinical parameter and the treatment arm. The 
significance of each clinical parameter’s contribution was evaluated 
using a Chi-squared test to compare both models. P-Values obtained 
from testing all clinical parameters were corrected for multiple hy
pothesis testing using the Holm-Bonferroni method.

To investigate second-order interactions, patients were stratified 
based on pairs of clinical parameters. The baseline Cox regression model 
included the clinical parameter pair, their interaction terms, and the 
first-order interactions with the treatment arm. The more complex 
model was constructed by incorporating a second-order interaction term 
between the two clinical parameters and the treatment arm. Significance 
of models was evaluated using a Chi-squared test, and P-Values resulting 
from all tested parameter pairs were adjusted for multiple hypothesis 
testing with the Holm-Bonferroni method.

The Cox regression model with the highest test statistic and lowest P- 
value was visualized by using Kaplan-Meier and forest plots for survival 
endpoints.

To validate these results and account for the reduced statistical 
power due to the limited number of patients in certain subgroups 
(particularly RC), an alternative approach was applied to identify the 
optimal treatment strategy using policy learning. Here, a causal survival 
forest was fitted for OS using the ‘causal_forest’ function with default 
parameters from the grf R package [20]. Next, the ‘policy_tree’ function 
from the policytree R package [21] with a depth of 2 was employed to 
construct a decision tree.

Finally, a third approach was used for internal validation using Lasso 
regression. Here, we applied the ‘glmnet’ function from the glmnet R 
package to fit Lasso regression models for OS, incorporating all clinical 
parameters and the treatment arm, including all associated first- and 
second-order interaction terms. These models were trained using 10-fold 
cross-validation repeated 10 times, and the concordance index (c-index) 
was recorded for each test set as a measure of predictive performance. 
The reported c-index and model coefficients for each term were calcu
lated as the mean between all fitted models.

2.3. Role of funding sources

The FIRE-3 study was supported by grants from Pfizer GmbH, Ger
many, and Merck KGaA, Darmstadt, Germany. Alexander Ohnmacht and 
Michael P. Menden were supported by the European Union’s Horizon 
2020 Research and Innovation Programme (Grant agreement No. 
950293 - COMBAT-RES). The funding sources had no role in the design 
and conduct of the study, and in the collection, management, analysis, 
and interpretation of the data as well as decision to submit the paper.

3. Results

3.1. Patients and treatment

The baseline characteristics, disposition of RAS-WT, per-protocol 
population and treatment details within the FIRE-3 trial have been re
ported previously [2].

3.2. Identification of predictive biomarkers and biomarker combinations

We systematically evaluated the predictive value of each proposed 
clinical parameter for treatment benefit within the FIRE-3 trial. First, we 
assessed the statistical interactions between treatment arms and indi
vidual or combined clinical parameters (Table 1). Treatment efficacy 
was assessed by comparing OS between the two treatment arms (FOL
FIRI/Cet and FOLFIRI/Bev), as indicated by hazard ratio (HR) and 
corresponding 95 % confidence interval (CI). Among the single bio
markers, only PTS demonstrated a significant interaction with the 
treatment arm (P = 0⋅016).

The assessment of parameter combinations demonstrated notable 

differences in their predictive value for treatment benefit. The PTS and 
LLD model (P = 0.005) exhibited the strongest statistical interaction and 
highest concordance index (c-index = 0.603; Table 1). While the model 
incorporating NOM and sex (P = 0.015) showed a stronger association 
than the combination of LLD and sex (P = 0.039), only the PTS and LLD 
model remained significant after applying multiple hypothesis correc
tion with a 10 % family-wise error rate. In summary, the PTS and LLD 
combination emerged as the most robust predictor of treatment benefit.

To validate the predictive superiority of the biomarker combination 
of LLD and PTS over PTS alone, policy learning causal survival forests 
was applied to evaluate all clinical biomarkers. The resulting decision 
tree suggests considering PTS and LLD in a hierarchical order (Fig. 1). 
Additionally, to further validate our findings, Lasso regression was 
performed. Here, incorporating interaction terms for OS achieved a high 
concordance index (c=0⋅593) and revealed the largest coefficients for 
second-order interactions between LLD, PTS and the treatment arm, 
further supporting an increased benefit of FOLFIRI/Bev in patients with 
RC/non-LLD (Figure S1).

Table 1 
P-values for first-order interactions (grey cells) and second-order interactions 
(white cells) between displayed parameters and parameters combinations with 
treatment benefit regarding OS comparing FOLFIRI/Cet to FOLFIRI/Bev. Sig
nificance (printed in bold) is assumed at level P = 0⋅05 and 10 % false discovery 
rate (Table S1).

CEA Age Sex PTS LLD NOM

CEA 0⋅371 0⋅784 0⋅909 0⋅108 0⋅923 0⋅854
Age ​ 0⋅196 0⋅47 0⋅204 0⋅660 0⋅708
Sex ​ ​ 0⋅444 0⋅207 0⋅039 0⋅015
PTS ​ ​ ​ 0⋅016 0⋅005 0⋅134
LLD ​ ​ ​ ​ 0⋅857 1⋅000
NOM ​ ​ ​ ​ ​ 0⋅391

Abbreviations: Bev, bevacizumab; CEA, carcinoembryonic antigen; Cet, cetux
imab; FOLFIRI, folinic acid, fluorouracil, and irinotecan; LLD, liver-limited 
disease; NOM, number of metastatic sites; OS, overall survival; PTS, primary 
tumor sidedness.

Fig. 1. Resulting decision tree from policy learning using the policytree method 
with causal survival forests. Abbreviations: Bev, bevacizumab; Cet, cetuximab; 
FOLFIRI, folinic acid, fluorouracil, and irinotecan; LC, left-sided colorectal 
cancer; LLD, liver-limited disease; RC, right-sided colorectal cancer; 
WT, wildtype⋅.
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3.3. Baseline characteristics and subgroup prevalence

The FIRE-3 trial included 400 patients with RAS-WT mCRC, with 
baseline data on LLD and PTS available for 398 patients. Three patients 
were excluded due to synchronous colorectal cancer (Figure S2), 
resulting in a full analysis set (FAS) of 395 RAS-WT patients. Baseline 
characteristics were well balanced across both treatment arms 
(Table S2). Further analysis using a Chi-squared test revealed significant 
differences in baseline characteristics between PTS and LLD subgroups, 
with associations observed for NOM (P < 0⋅001), BRAF mutation status 
(P < 0⋅001), timing of metastasis (P < 0⋅001), resection of primary 
tumor (P = 0⋅029) and adjuvant treatment (P < 0⋅001). These differ
ences highlight important factors that may influence treatment 
outcomes.

3.4. Predictive relevance of the selected biomarker combination

The analysis of treatment outcomes in RAS-WT mCRC patients 
revealed that the predictive value of FOLFIRI/Cet vs. FOLFIRI/Bev de
pends on biomarker status. A significant treatment benefit for FOLFIRI/ 
Cet over FOLFIRI/Bev was observed in patients with LC and non-LLD 
(26⋅5 vs. 33⋅7 months, HR 0⋅62, 95 %-CI=0⋅46–0⋅82; P = 0⋅002; 
Fig. 2; Fig. 3; Table 2). No significant benefit was found in patients with 
LC and LLD (36⋅5 vs. 41⋅5 months, HR=0⋅83; 95 %-CI=0⋅53–1⋅29; 
P = 0⋅400). In RC and non-LLD patients, FOLFIRI/Cet was associated 
with worse OS compared to FOLFIRI/Bev (23⋅4 vs. 15⋅6 months; 
HR=2⋅09; 95 %-CI=1⋅20–3⋅63; P = 0⋅010). Contrary, in patients with 
RC and LLD, OS tended to be longer for FOLFIRI/Cet over FOLFIRI/Bev 
(24⋅0 vs. 25⋅5 months, HR=0⋅59, 95 %-CI=0⋅25–1⋅39, P = 0⋅218).

3.5. Sensitivity analyses

Sensitivity analyses were performed to evaluate the robustness of the 
identified statistical model. LLD status, compared to non-LLD, was 
predictive of secondary resection with curative intent (21⋅8 % vs. 6⋅7 %, 
P < 0⋅0001). Excluding patients who underwent secondary resection 
yielded similar results, confirming the model’s predictive relevance 
(Figure S3). Furthermore, an analysis excluding patients with activating 
BRAF V600E mutations, intended to address baseline imbalances 
(Table S2), showed consistent results with the FAS population 
(Figure S4). These analyses reinforce the stability and robustness of the 
model.

3.6. Further clinical endpoints

Further clinical endpoints, including progression free survival (PFS) 
and objective response rate (ORR), we evaluated in subgroups stratified 
by LLD status and PTS. No statistically significant interaction between 
the subgroups according to PTS and LLD status was identified for PFS 
(P = 0⋅29; Table S3, Figure S5) or ORR (P = 0⋅92; Table S4). Similar to 
OS, patients with LC and non-LLD status showed a significant increased 
ORR when treated with FOLFIRI/Cet over FOLFIRI/Bev (77 % vs. 65 %; 
odds ratio [OR]=0⋅51; 95 %-CI=0⋅26–0⋅99; P = 0⋅045). In contrast, this 
effect was diminished in patients with LC and LLC (82 % vs 77 %, 
OR=0⋅75; 95 %-CI=0⋅28–2⋅07; P = 0⋅567).

4. Discussion

The present analysis assessed the hypothesis whether combining 
readily available clinical parameters beyond PTS improves the ability to 
predict benefit of targeted first-line chemotherapy in RAS-WT mCRC. 
This study was based on the open-label randomized phase III study FIRE- 
3 (AIO KRK0306), which previously demonstrated the superiority of 
FOLFIRI/Cet over FOLFIRI/Bev, particularly in patients with LC [2,19].

In a systematic approach, clinical parameters reflecting metastatic 
pattern (NOM, LLD) and additional potentially predictive baseline 
characteristics (age, sex, CEA) were selected based on prior findings 

Fig. 2. (A) OS according to LLD status and treatment arm in patients with left-sided primary tumor⋅ (B) OS according to LLD status and treatment arm in patients 
with right-sided primary tumor. Bev, bevacizumab; Cet, cetuximab; FOLFIRI, folinic acid, fluorouracil, and irinotecan; OS, overall survival; LLD, liver- 
limited disease⋅.

Fig. 3. Forest plot indicating the efficacy regarding OS according to treatment 
arm stratified by PTS and LLD status. Abbreviations: Bev, bevacizumab; Cet, 
cetuximab; FOLFIRI, folinic acid, fluorouracil, and irinotecan; HR, hazard ratio; 
LLD, liver-limited disease; N, numbers; PTS, primary tumor sidedness⋅3.
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from the FIRE study group [11, 13–17]. These parameters were evalu
ated individually and in pairs to assess their predict value for treatment 
efficacy (OS) in each treatment arm using Cox regression analyses. 
Further, to validate these results and account for reduced statistical 
power due to limited number of patients in certain subgroups (particu
larly RC), policy learning and Lasso regression were applied. Altogether, 
our results demonstrate that considering LLD status alongside PTS might 
improve patient selection compared to the current standard of PTS alone 
in patients with RAS-WT mCRC.

Consistent with previous findings and current guideline recommen
dations, our analysis demonstrate a survival benefit associated with anti- 
EGFR-based treatment with FOLFIRI/Cet in patients with LC. Impor
tantly, this benefit was observed predominantly in patients with non- 
LLD status (HR=0⋅62, P = 0⋅02), whereas the advantage over FOL
FIRI/Bev was mitigated in patients with LC/LLD (HR=0⋅83, P = 0⋅40). 
These results align closely with the most recent update of the CAIRO5 
trial [12]. CAIRO5 was the first prospective clinical study to systemat
ically evaluate PTS in conjunction with LLD in mCRC [11]. This ran
domized phase III trial investigated the optimal systemic conversion 
strategy for RC and LC in patients with initially unresectable LLD, while 
also accounting for RAS and BRAF mutation status. Direct comparison 
with FIRE-3 is challenging due to CAIRO5’s clear definition and 
centralized assessment of unresectability. Additionally, CAIRO5 evalu
ated FOLFOXIRI plus bevacizumab in RC and FOLFOX or FOLFIRI plus 
bevacizumab or panitumumab in LC. Here, comparable OS and PFS, as 
well as local treatment rates in LC and LLD patients across treatment 
arms, align with our results in FIRE-3.

The phase II DEEPER trial (JACCRO CC-13) also evaluated anti-EGFR 
versus anti-VEGF based treatment in conjunction with FOLFOXIRI. Most 
recently, the authors reported on subgroup results also based on PTS and 
metastatic pattern [22]. Of note, the survival benefit of FOLFOXIRI plus 
Cetuximab observed in LC patients was confined to patients with 
non-LLD, further mirroring our results of FIRE-3, although chemo
therapy backbone differs.

Together with CAIRO5 and DEEPER, our results support using first- 
line chemotherapy in conjunction with bevacizumab for initially unre
sectable LLD and LC challenging current guideline recommendations 
[11, 12, 23].

Of note, patients with initially resectable LLD were evaluated in the 
phase III New EPOC trial regarding a potential benefit from adding 
cetuximab to doublet chemotherapy [24]. Here, even a detrimental ef
fect of adding cetuximab to chemotherapy was observed in patients with 
LLD. However, due to limited patient number with RC, no definitive 
conclusions regarding PTS can be drawn in New EPOC. Current guide
lines recommend against the usage of anti-EGFR based treatment in 
patients with resectable LLD [4,23].

In patients with RC, guidelines suggest combining chemotherapy 
with bevacizumab in first-line setting [23]. In our data, we found a 
significant OS benefit from FOLFIRI/Bev over FOLFIRI/Cet in patients 
with RC and non-LLD (HR=2⋅09, P = 0⋅010). Interestingly, patients 
with LLD may benefit from FOLFIRI/Cet despite right-sided primary 
tumor (HR=0⋅59, P = 0⋅218). According to current guidelines, doublet 

chemotherapy plus anti-EGFR antibody in RC is an option if tumor 
shrinkage is the primary goal [23]. Our findings suggest this could be 
particularly relevant for patients with LLD, who are more likely to be 
candidates for secondary resection following a response to systemic 
treatment [14].

Given that LLD status is a predictive factor for secondary resection in 
initially unresectable mCRC [14], we assessed its relevance in our 
dataset. A sensitivity analysis excluding patients who underwent sec
ondary resection of metastatic sites revealed that the combined evalu
ation of LLD and PTS retained its predictive accuracy for treatment 
benefits. This aligns with prior analysis of LLD in FIRE-3, indicating it 
defines a subgroup with distinct tumor biology akin to PTS [14]. 
Notably, this is reflected in the differential distribution of prognostic 
baseline characteristics, including a higher incidence of activating BRAF 
mutation and variations in the timing of metastasis (Table S1).

The relevance of this analysis is constrained by its retrospective 
design. Furthermore, the use of multiple parameters to predict treatment 
benefit reduces subgroup sample size diminishing statistical power. This 
limitation is especially pronounced in patients with RC and LLD, a 
subgroup comprised of 27 patients. Internal validation of our results by 
using different statistical approaches (Cox and Lasso regression besides 
policy learning method) support our findings. Still, they are hypothesis- 
generating and necessitate external validation through further trials that 
compare anti-EGFR with anti-VEGF strategies.

This study dissected the predictive relevance of readily available 
clinical parameters while also acknowledging the critical need to expand 
predictive molecular biomarkers in mCRC, such as genetic hyper
selection or consensus molecular subgroups (CMS) [8, 25–27]. The pa
tient subgroup identified based on PTS and LLD may aid in refining 
molecular biomarkers in the context of clinically relevant subtypes, as 
previously discussed for the FIRE-3 trial [28,29]. Further investigation 
into the molecular characteristics of these subgroups remains essential 
and is currently ongoing.

In conclusion, this analysis underscores the value of integrating 
multiple biomarkers to refine first-line treatment selection in RAS-WT 
mCRC. Incorporating metastatic pattern with LLD and PTS might 
improve the predictive accuracy for anti-EGFR versus anti-VEGF stra
tegies. Benefit from FOLFIRI/Cet over FOLFIRI/Bev is pronounced in 
patients with LC and non-LLD as compared to LC and LLD. Patients with 
RC and non-LLD exhibited a significant survival advantage for treatment 
with FOLFIRI/Bev. Notably, RC and LLD patients may still benefit from 
anti-EGFR therapy, but further validation is needed. These findings 
support a biomarker-driven approach to optimizing personalized treat
ment and improving patient outcomes. Future research integrating 
molecular and clinical parameters holds promise for further refining 
therapeutic strategies.
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Table 2 
Impact of PTS and LLD status on treatment efficacy comparing FOLFIRI/Cet and FOLFIRI/Bev regarding OS. Significance (printed in bold) is assumed at level P = 0⋅05.

PTS LC RC

LLD status LLD non-LLD LLD non-LLD
Treatment arm FOLFIRI/Bev FOLFIRI/Cet FOLFIRI/Bev FOLFIRI/Cet FOLFIRI/Bev FOLFIRI/Cet FOLFIRI/Bev FOLFIRI/Cet
Number of patients (%) 47 (11⋅9) 59 (14⋅9) 102 (25⋅8) 99 (25⋅1) 15 (3⋅8) 12 (3⋅0) 35 (8⋅9) 26 (6⋅6)
Median OS, months 

[95 % CI]
36⋅5 

[28⋅4–44⋅9]
41⋅5 

[29⋅2–57⋅0]
26⋅5 

[22⋅6–30⋅0]
33⋅7 

[29⋅1–41⋅8]
24⋅0 

[13⋅2–40⋅5]
25⋅5 [22⋅2- 

NA]
23⋅4 

[19⋅3–29⋅5]
15⋅6 

[10⋅2–24⋅9]
HR [95 % CI] 0⋅83 [0⋅53–1⋅29] 0⋅62 [0⋅46–0⋅82] 0⋅59 [0⋅25–1⋅39] 2⋅09 [1⋅20–3⋅63]
logrank test (P-value) 0⋅400 0⋅002 0⋅218 0⋅010
interaction test (P-value) 0⋅005

Abbreviations: Bev, bevacizumab; Cet, cetuximab; 95 % CI, 95 % confidence interval; FOLFIRI, folinic acid, fluorouracil, and irinotecan; HR, hazard ratio; LC, left- 
sided colorectal cancer; LLD, liver-limited disease; N, numbers; OS, overall survival; RC, right-sided colorectal cancer; PTS, primary tumor sidedness⋅
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– review & editing, Investigation. Weiss Lena: Writing – review & 
editing, Investigation. Fischer von Weikersthal Ludwig: Writing – 
review & editing, Investigation. Menden Michael: Writing – review & 
editing, Writing – original draft, Visualization, Validation, Supervision, 
Software, Resources, Project administration, Methodology, Investiga
tion, Funding acquisition, Formal analysis, Data curation, Conceptuali
zation. Stahler Arndt: Writing – review & editing, Investigation. 
Modest Dominik Paul: Writing – review & editing, Investigation. Kiani 
Alexander: Writing – review & editing, Investigation. Decker Thomas: 
Writing – review & editing, Investigation. Heinemann Volker: Writing 
– review & editing, Writing – original draft, Visualization, Validation, 
Supervision, Software, Resources, Project administration, Methodology, 
Investigation, Funding acquisition, Formal analysis, Data curation, 
Conceptualization. Heintges Tobias: Writing – review & editing, 
Investigation. Holch Julian Walter: Writing – review & editing, Writing 
– original draft, Visualization, Validation, Supervision, Software, Re
sources, Project administration, Methodology, Investigation, Formal 
analysis, Data curation, Conceptualization. Kaiser Florian: Writing – 
review & editing, Investigation. Ohnmacht Alexander Joschua: 
Writing – review & editing, Writing – original draft, Visualization, 
Validation, Software, Methodology, Investigation, Formal analysis, Data 
curation, Conceptualization.

Declaration of Competing Interest

The authors declare the following financial interests/personal re
lationships which may be considered as potential competing interests: 
Julian W. Holch served on advisory board for Merck, Roche and 
Servier, has received travel support from Novartis, Merck and Servier.

Sebastian Stintzing reports receiving fees for talks and advisory 
board roles from AMGEN, AstraZeneca, Bayer, BMS, CV6, Daiichi- 
Sanyko, ESAI, Isofol, Lilly, Merck KGaA, MSD, Pierre-Fabre, Roche, 
Sanofi, Servier, Taiho, Takeda

Kathrin Heinrich reports honoraria from Amgen, BMS, Merck, 
Roche, Taiho, Servier, streamedup!, consulting or advisory role for 
Amgen, Servier, MSD (Institutional), Merck, Janssen and travel support/ 
Expenses: Amgen, Merck, Servier.

Lena Weiss received honoraria for scientific presentations and 
advisory board role from Roche and Servier and travel accommodation 
expenses from Amgen and Merck.

Victoria Probst reports travel accommodation expenses from Nordic 
Pharma.

Arndt Stahler reports honoraria from Roche, Servier, Taiho, Amgen, 
Pfizer, Lilly, Merck

Thomas Decker reports advisory role for Novartis, Lilly, Astra 
Zeneca.

Florian Kaiser reports advisory role für Abbvie, Astellas, Gilead, 
GSK, Janssen, MSD, Novartis, Pfizer, Pierre Fabre, Sanofi, Servier, 
Elsevier. Consultancy: BeiGene, BMS/Celgene, Lilly, MSD, Merck, Pierre 
Fabre, Roche, Sanofi Research Funding: BMS/Celgene. Honoria: BMS/ 
Celgene, Astra Zeneca, Merck, MSD, Pfizer

Markus Moehler reports honoraria from Amgen, Roche/Genentech, 
Merck Serono, MSD Oncology, Bristol Myers Squibb, AstraZeneca/ 
MedImmune, Servier, Pierre Fabre, Sanofi, Transcenta, Idience, Triptych 
Health Partners, Daiichi Sankyo Europe GmbH, Astellas Pharma, Bayer 
Schering Pharma. Consulting or Advisory Role for Bayer, MSD, Merck 
Serono, Amgen, Taiho Pharmaceutical, Lilly, Servier, BeiGene, BMS, 

AstraZeneca, Nordic Group, Daiichi Sankyo Europe GmbH. Research 
Funding from Amgen (Inst), Leap Therapeutics (Inst), Merck Serono 
(Inst), AstraZeneca (Inst), MSD (Inst), Taiho Pharmaceutical (Inst). 
Travel, Accommodations, Expenses from Amgen, Merck Serono, Roche, 
Bayer, ASCO, German Cancer Society, MSD, ESMO, BeiGene, Sanofi 
Pasteu

Dominik P. Modest reports research funding to his institution from 
Amgen and Servier, honoraria from Merck Serono, Amgen, Servier, 
Bristol Myers Squibb, Taiho Pharmaceutical, MSD, Pierre Fabre, Onko
wissen, Sanofi, Lilly, Institut für klinische Krebsforschung, AstraZeneca/ 
MedImmune, Incyte, and Takeda, and fees for consultancy or advisory 
roles from Merck Serono, Amgen, MSD, Roche, Servier, Incyte, Bristol 
Myers Squibb, Pierre Fabre, Lilly, Cor2Ed, IQvia, and Onkowissen.

Michael P. Menden is a former employee of AstraZeneca, academ
ically collaborates with AstraZeneca, GSK and Roche, and receives 
funding from GSK and Roche.

Volker Heinemann reports receiving fees for talks and advisory 
board roles from Merck, Amgen, Roche, Sanofi, Servier, Pfizer, Pierre- 
Fabre, AstraZeneca, BMS, MSD, Novartis, Terumo, Oncosil, NORDIC, 
Seagen, GSK and for receiving research funding from Merck, Amgen, 
Roche, Sanofi, Boehringer-Ingelheim, SIRTEX, Servier.

All remaining authors declare no conflict of interest.

Acknowledgment

The authors thank all patients and families for their participation in 
the studies, along with medical colleagues and nursing staff at the 
participating study centers of FIRE-3.

Data sharing statement

Information that will be considered for disclosure includes individual 
participant data that underlie the results reported in this article (text, 
tables, figures, and appendices). Additionally, study Protocol and sta
tistical analysis plan can be made available. All data shared must be 
anonymized to protect the privacy of the patients who participated in 
the trial, in accordance with applicable laws and regulations and in 
compliance with the International Council for Harmonisation and Good 
Clinical Practice (ICH/GCP). Researchers should provide a scientifically 
sound proposal directed to the corresponding author for approval to 
gain access to the requested data. Shared data are only to be used to 
achieve aims of the approved proposal.

Appendix A. Supporting information

Supplementary data associated with this article can be found in the 
online version at doi:10.1016/j.ejca.2025.115388.

References

[1] Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, et al. Global 
cancer statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide 
for 36 cancers in 185 countries. CA Cancer J Clin 2024;74(3):229–63.

[2] Heinemann V, von Weikersthal LF, Decker T, Kiani A, Kaiser F, Al-Batran SE, et al. 
FOLFIRI plus cetuximab or bevacizumab for advanced colorectal cancer: final 
survival and per-protocol analysis of FIRE-3, a randomised clinical trial. Br J 
Cancer 2021;124(3):587–94.

[3] Watanabe J, Muro K, Shitara K, Yamazaki K, Shiozawa M, Ohori H, et al. 
Panitumumab vs bevacizumab 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.

[4] Morris VK, Kennedy EB, Baxter NN, Benson AB, 3rd, Cercek A, Cho M, et al. 
Treatment of metastatic colorectal cancer: ASCO guideline. J Clin Oncol 2023;41 
(3):678–700.

[5] Andre T, Shiu KK, Kim TW, Jensen BV, Jensen LH, Punt C, et al. Pembrolizumab in 
microsatellite-instability-high advanced colorectal cancer. N Engl J Med 2020;383 
(23):2207–18.

[6] Andre T, Elez E, Van Cutsem E, Jensen LH, Bennouna J, Mendez G, et al. 
Nivolumab plus ipilimumab in microsatellite-instability-high metastatic colorectal 
cancer. N Engl J Med 2024;391(21):2014–26.

J.W. Holch et al.                                                                                                                                                                                                                                European Journal of Cancer 220 (2025) 115388 

6 

https://doi.org/10.1016/j.ejca.2025.115388
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref1
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref1
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref1
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref2
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref2
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref2
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref2
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref3
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref3
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref3
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref3
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref4
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref4
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref4
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref5
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref5
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref5
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref6
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref6
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref6


[7] Holch JW, Ricard I, Stintzing S, Modest DP, Heinemann V. The relevance of 
primary tumour location in patients with metastatic colorectal cancer: a meta- 
analysis of first-line clinical trials. Eur J Cancer 2017;70:87–98.

[8] Shitara K, Muro K, Watanabe J, Yamazaki K, Ohori H, Shiozawa M, et al. Baseline 
ctDNA gene alterations as a biomarker of survival after panitumumab and 
chemotherapy in metastatic colorectal cancer. Nat Med 2024;30(3):730–9.

[9] Chen EX, Loree JM, Titmuss E, Jonker DJ, Kennecke HF, Berry S, et al. Liver 
metastases and immune checkpoint inhibitor efficacy in patients with refractory 
metastatic colorectal cancer: a secondary analysis of a randomized clinical trial. 
JAMA Netw Open 2023;6(12):e2346094.

[10] Loft M, To YH, Gibbs P, Tie J. Clinical application of circulating tumour DNA in 
colorectal cancer. Lancet Gastroenterol Hepatol 2023;8(9):837–52.

[11] Bond MJG, Bolhuis K, Loosveld OJL, de Groot JWB, Droogendijk H, Helgason HH, 
et al. First-line systemic treatment strategies in patients with initially unresectable 
colorectal cancer liver metastases (CAIRO5): an open-label, multicentre, 
randomised, controlled, phase 3 study from the Dutch Colorectal Cancer Group. 
Lancet Oncol 2023;24(7):757–71.

[12] Bond MJG, Bolhuis K, Loosveld OJL, de Groot JWB, Droogendijk H, Helgason HH, 
et al. First-line systemic treatment for initially unresectable colorectal liver 
metastases: post hoc analysis of the CAIRO5 randomized clinical trial. JAMA Oncol 
2024.

[13] Sommerhauser G, Karthaus M, Kurreck A, Ballhausen A, Meyer-Knees JW, 
Fruehauf S, et al. Prognostic and predictive impact of metastatic organ involvement 
on maintenance therapy in advanced metastatic colorectal cancer: subgroup 
analysis of patients treated within the PanaMa trial (AIO KRK 0212). Int J Cancer 
2024;154(5):863–72.

[14] Holch JW, Ricard I, Stintzing S, Fischer von Weikersthal L, Decker T, Kiani A, et al. 
Relevance of liver-limited disease in metastatic colorectal cancer: subgroup 
findings of the FIRE-3/AIO KRK0306 trial. Int J Cancer 2018;142(5):1047–55.

[15] Holch JW, Ricard I, Stintzing S, Fischer von Weikersthal L, Decker T, Kiani A, et al. 
Relevance of baseline carcinoembryonic antigen for first-line treatment against 
metastatic colorectal cancer with FOLFIRI plus cetuximab or bevacizumab (FIRE-3 
trial). Eur J Cancer 2019;106:115–25.

[16] Heinrich K, Karthaus M, Fruehauf S, Graeven U, Mueller L, Konig AO, et al. Impact 
of sex on the efficacy and safety of panitumumab plus fluorouracil and folinic acid 
versus fluorouracil and folinic acid alone as maintenance therapy in RAS WT 
metastatic colorectal cancer (mCRC). Subgroup analysis of the PanaMa-study (AIO- 
KRK-0212). ESMO Open 2023;8(4):101568.

[17] Fischer LE, Stintzing S, von Weikersthal LF, Modest DP, Decker T, Kiani A, et al. 
Efficacy of FOLFIRI plus cetuximab vs FOLFIRI plus bevacizumab in 1st-line 
treatment of older patients with RAS wild-type metastatic colorectal cancer: an 
analysis of the randomised trial FIRE-3. Br J Cancer 2022;127(5):836–43.

[18] Heinemann V, von Weikersthal LF, Decker T, Kiani A, Vehling-Kaiser U, Al- 
Batran SE, et al. FOLFIRI plus cetuximab versus FOLFIRI plus bevacizumab as first- 

line treatment for patients with metastatic colorectal cancer (FIRE-3): a 
randomised, open-label, phase 3 trial. Lancet Oncol 2014;15(10):1065–75.

[19] Stintzing S, Modest DP, Rossius L, Lerch MM, von, Weikersthal LF, Decker T, et al. 
FOLFIRI plus cetuximab versus FOLFIRI plus bevacizumab for metastatic colorectal 
cancer (FIRE-3): a post-hoc analysis of tumour dynamics in the final RAS wild-type 
subgroup of this randomised open-label phase 3 trial. Lancet Oncol 2016;17(10): 
1426–34.

[20] Athey S, Tibshirani J, Wager S. Generalized random forests. Ann Stat 2019;47(2): 
1148–78. 31.

[21] Sverdrup E, Kanodia A, Zhou Z, Athey S, Wagner S. policytree: Policy learning via 
doubly robust empirical welfare maximization over trees. J Open Source Softw 
2020;5(50):2232.

[22] Tsuji A, Sunakawa Y, Shiozawa M, Kawai T, Ota H, Yasui H, et al. Final analysis of 
modified (m)-FOLFOXIRI plus cetuximab versus bevacizumab for RAS wild-type 
and left-sided metastatic colorectal cancer: The DEEPER trial (JACCRO CC-13). 
J Clin Oncol 2025;43(4_):17.

[23] Cervantes A, Adam R, Rosello S, Arnold D, Normanno N, Taieb J, et al. Metastatic 
colorectal cancer: ESMO Clinical Practice Guideline for diagnosis, treatment and 
follow-up. Ann Oncol 2023;34(1):10–32.

[24] Bridgewater JA, Pugh SA, Maishman T, Eminton Z, Mellor J, Whitehead A, et al. 
Systemic chemotherapy with or without cetuximab in patients with resectable 
colorectal liver metastasis (New EPOC): long-term results of a multicentre, 
randomised, controlled, phase 3 trial. Lancet Oncol 2020;21(3):398–411.

[25] Stahler A, Hoppe B, Na IK, Keilholz L, Muller L, Karthaus M, et al. Consensus 
molecular subtypes as biomarkers of fluorouracil and folinic acid maintenance 
therapy with or without panitumumab in RAS wild-type metastatic colorectal 
cancer (PanaMa, AIO KRK 0212). J Clin Oncol 2023;41(16):2975–87.

[26] Cremolini C, Morano F, Moretto R, Berenato R, Tamborini E, Perrone F, et al. 
Negative hyper-selection of metastatic colorectal cancer patients for anti-EGFR 
monoclonal antibodies: the PRESSING case-control study. Ann Oncol 2017;28(12): 
3009–14.

[27] Stintzing, Heinemann S, Weikersthal V, LFv, Fuchs M, Kaiser F, Heinrich K, et al. 
Phase III FIRE-4 study (AIO KRK-0114): Influence of baseline liquid biopsy results 
in first-line treatment efficacy of FOLFIRI/cetuximab in patients with tissue RAS- 
WT mCRC. J Clin Oncol 2023;41(16_):3507.

[28] Ohnmacht AJ, Stahler A, Stintzing S, Modest DP, Holch JW, Westphalen CB, et al. 
The Oncology Biomarker Discovery framework reveals cetuximab and 
bevacizumab response patterns in metastatic colorectal cancer. Nat Commun 2023; 
14(1):5391.

[29] Moehler M, Folprecht G, Heinemann V, Holch JW, Maderer A, Kasper S, et al. 
Survival after secondary liver resection in metastatic colorectal cancer: comparing 
data of three prospective randomized European trials (LICC, CELIM, FIRE-3). Int J 
Cancer 2022;150(8):1341–9.

J.W. Holch et al.                                                                                                                                                                                                                                European Journal of Cancer 220 (2025) 115388 

7 

http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref7
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref7
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref7
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref8
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref8
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref8
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref9
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref9
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref9
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref9
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref10
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref10
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref11
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref11
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref11
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref11
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref11
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref12
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref12
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref12
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref12
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref13
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref13
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref13
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref13
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref13
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref14
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref14
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref14
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref15
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref15
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref15
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref15
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref16
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref16
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref16
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref16
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref16
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref17
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref17
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref17
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref17
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref18
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref18
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref18
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref18
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref19
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref19
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref19
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref19
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref19
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref20
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref20
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref21
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref21
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref21
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref22
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref22
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref22
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref22
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref23
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref23
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref23
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref24
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref24
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref24
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref24
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref25
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref25
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref25
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref25
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref26
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref26
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref26
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref26
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref27
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref27
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref27
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref27
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref28
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref28
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref28
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref28
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref29
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref29
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref29
http://refhub.elsevier.com/S0959-8049(25)00169-8/sbref29

	FOLFIRI with cetuximab or bevacizumab in RAS wild-type metastatic colorectal cancer: Refining first-line treatment selectio ...
	1 Introduction
	2 Methods
	2.1 Trial design and patient population
	2.2 Statistical analysis
	2.3 Role of funding sources

	3 Results
	3.1 Patients and treatment
	3.2 Identification of predictive biomarkers and biomarker combinations
	3.3 Baseline characteristics and subgroup prevalence
	3.4 Predictive relevance of the selected biomarker combination
	3.5 Sensitivity analyses
	3.6 Further clinical endpoints

	4 Discussion
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgment
	Data sharing statement
	Appendix A Supporting information
	References


