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Key points
Question: What is the efficacy of tumor debulking added to standard first-line palliative chemotherapy compared to chemotherapy alone in patients with multi-organ metastatic colorectal cancer?
Findings: In this randomized, open-label, phase 3 clinical trial, 382 patients were randomized to chemotherapy alone or chemotherapy plus tumor debulking. The overall survival rates were not statistically different, with a median overall survival in the chemotherapy alone group of 27.5 months versus 30.0 months in the chemotherapy plus tumor debulking group. 
Meaning:  Tumor debulking added to palliative systemic chemotherapy did not result in significantly improved survival compared to chemotherapy alone in patients with multi-organ metastatic colorectal cancer.












Abstract
Importance
Local therapy, including surgery, radiation, and ablation, is increasingly utilized in patients with multi-organ metastatic colorectal cancer (mCRC). However, prospective evidence for a survival benefit of tumor debulking is lacking. 
Objective
We investigated whether tumor debulking added to palliative chemotherapy improves survival of patients with multi-organ mCRC.
Design, Setting and Participants
The ORCHESTRA trial is an investigator-initiated, open-label, multicenter, randomized clinical trial including patients with multi-organ mCRC between May 2013 and May 2023. The last date of follow-up was 4th of April 2024. Patients were enrolled in 27 hospitals in the Netherlands and one in the UK. Adult patients with multi-organ mCRC were considered eligible if >80% tumor debulking was deemed feasible by resection, radiotherapy and/or thermal ablation prior to starting first-line palliative chemotherapy.
Interventions
After achieving objective tumor response or stable disease following three or four cycles of capecitabine or 5-fluorouracil/leucovorin with oxaliplatin ± bevacizumab ((CAPOX(B) or FOLFOX(B)), patients were randomized 1:1 to chemotherapy alone (standard group) or tumor debulking followed by chemotherapy (intervention group). 
Main Outcomes and Measures
The primary endpoint was overall survival. Secondary endpoints included progression free survival (PFS) and serious adverse events (SAEs). These outcomes were analyzed in the intention to treat population, applicable from randomization. A pre-specified interim analysis performed after the initial 100 participants were enrolled revealed that the trial was both safe and feasible to proceed. 
Results 
382 of 454 enrolled patients were randomized, 192 in the standard group (67% male) and 190 in the intervention group (69% male). The median age was 64 years in both groups. After a median follow-up of 32.3 months, median overall survival in the standard group was 27.5 months versus 30.0 months in the intervention group (adjusted HR 0.88 [95%CI 0.70-1.10] p=0.26). Median PFS in the standard group was 10.4 months versus 10.5 months in the intervention group (adjusted HR 0.83 [95%CI 0.67-1.02], p=0.08). More patients in the intervention group had any SAE (101 (53%) versus 74 (39%), p=0.006).	Comment by Ng, Kimmie,MD: Please do not start a sentence with a number unless you are going to spell it out in words.
Conclusions and Relevance
Tumor debulking in addition to first-line palliative systemic treatment failed to improve overall survival compared to systemic treatment alone for patients with multi-organ mCRC and should not be considered standard of care.
Trial Registration
The study is registered on ClinicalTrials.gov (Identifier: NCT01792934).













Introduction
Colorectal cancer (CRC) is one of the most common cancers globally, and up to 50% of patients will develop metastases during their course of disease. When metastatic spread is limited, curative-intent local treatments, including surgery and thermal ablation, are feasible with five-year survival rates between 35-65%.1 Because advances in palliative systemic treatment strategies have prolonged median overall survival beyond 30 months, local (ablative) techniques are increasingly utilized.2-4 This has led to the adoption of local therapy alone or in combination with systemic therapy in more extensive mCRC. While many retrospective studies suggest that combining local treatment with systemic therapy may improve survival rates for patients with mCRC, this has not yet been confirmed in a prospective randomized phase III trial, leaving uncertainty about the true benefit of this approach.5,6
To test whether reducing the total amount of tumor—referred to as tumor debulking—improves overall survival when added to standard palliative systemic therapy in patients with multi-organ  mCRC, we launched the ORCHESTRA trial (NCT01792934), a multicenter, open-label, randomized phase III study. 

Methods
Study design
The ORCHESTRA trial was a phase III, multicenter, open-label, randomized trial conducted in 28 hospitals (27 in the Netherlands and one in the UK, eFigure 2) to determine whether debulking therapy could extend overall survival for at least six months in patients with multi-organ mCRC. The protocol was approved by the institutional ethics committee of Amsterdam University Medical Centers and is available online. Study design and predefined safety and feasibility evaluation were previously published.7 The trial was evaluated by a Data Safety Monitoring Committee (Supplement 1). After inclusion of 25, 50 and 100 patients, interim reports were provided to the Medical Ethical Committee including the evaluation of the Data Safety Monitoring Committee and all relevant data. The trial was performed in accordance with the Consolidated Standards of Reporting Trials (CONSORT) guidelines8 and the principles of the Declaration of Helsinki9. Major amendments to the study protocol are displayed in eTable 4.

Patients
Patients (≥18 years) with multi-organ mCRC were enrolled before initiating first-line palliative systemic treatment by participating centers. ‘Multi-organ involvement’ was specified in the main eligibility criteria in Figure 1. Complete eligibility criteria and trial procedures are described in the study protocol (Supplement 1). Patients were discussed in multidisciplinary team meetings in participating hospitals. Patients were eligible for inclusion if macroscopic tumor debulking could be achieved with local treatment modalities in at least 80% of metastatic lesions, according to the local multidisciplinary team prior to start of palliative systemic treatment. Potential local treatment plans were documented. To minimize bias between centers, review of the central multidisciplinary team was required before definite inclusion in the trial. All included patients provided written informed consent prior to study-related procedures. 

Randomization and masking
After three or four cycles of capecitabine or 5-fluorouracil/leucovorin plus oxaliplatin with or without bevacizumab (CAPOX(B) or FOLFOX(B)), patients with partial or complete response or stable disease upon investigator assessment per Response Evaluation Criteria in Solid Tumors (RECIST), version 1.110, were randomized 1:1 to standard chemotherapy alone or tumor debulking plus chemotherapy. Randomization was performed using a minimization software Minim in Microsoft Disk Operating System (MS-DOS) with stratification by RECIST response, sex, organ involvement, baseline lactate dehydrogenase concentration, and prior local therapy of metastases. Owing to the nature of the intervention, participants and investigators were not blinded.

Procedures 
[bookmark: _Hlk201663495]Patients in the standard group continued CAPOX(B) or FOLFOX(B). In the intervention group, patients with partial/complete response received one additional cycle of chemotherapy without bevacizumab before local therapy; those with stable disease received three CAPOX(B) or four FOLFOX(B) cycles before proceeding to local therapy if no progression occurred. Systemic treatment was scheduled to be resumed within three months after interruption to perform local treatment and continued to at least eight CAPOX(B) or 12 FOLFOX(B) cycles from study inclusion, similarly to patients in the standard group. Maintenance therapy or chemotherapy-free intervals were at investigator discretion. Local therapy followed protocol specification; in peritoneal disease, cytoreduction without hyperthermic intraperitoneal chemotherapy was performed.   

Tumor debulking
A ≥80% debulking threshold was selected because complete resection is often infeasible in multi-organ mCRC. Evidence from ovarian cancer supports ≥80% cytoreduction as clinically meaningful,11 and imaging limitations (CT/MRI detection ≥0.5 cm) preclude reliable confirmation of complete macroscopic clearance. The threshold was finalized by investigator consensus. Debulking extent was derived from operative, radiotherapy, and ablation reports and compared with multidisciplinary treatment plans using baseline imaging.

Outcomes
The primary outcome was overall survival, measured from inclusion to death or censoring at last follow-up at data cut-off. Secondary outcomes included progression free survival (PFS), adverse events, treatment‑related complications, unplanned readmissions, and 90‑day mortality. PFS was calculated from inclusion to either recurrence, progression, or death, whichever occurred first. Survival outcomes were assessed every three months. Carcinoembryonic antigen (CEA) and mutational markers (BRAF V600E, RAS, microsatellite instability) were evaluated for prognostic value in relation to overall survival and PFS. Exploratory analyses assessed overall survival and PFS according to extent of debulking and BRAF/RAS mutation status. Surgical and ablation complications were graded using the Clavien Dindo classification; radiotherapy complications were graded using the common terminology criteria for adverse events (CTCAE), version 4.03. Tumor responses were determined upon investigator assessment per RECIST v1.1. 

Sample size
The trial design assumed median overall survival of 18 months in the standard group (chemotherapy only) and 24 months in the intervention group (tumor debulking plus chemotherapy).12 A minimum of 382 randomized patients and 306 deaths were required to provide 80% power (α=0.05, two-sided) to show a difference in overall survival using the log-rank test. Allowing 20% pre-randomization drop-out, 478 patients were anticipated to enroll. A prespecified interim analysis after enrollment of 100 patients used predefined binding stopping rules and was conducted by an independent statistician (Supplement 1, eTable 3)7; no protocol modifications followed. 

Statistical analyses
[bookmark: _Hlk187331534]Analyses followed the intention-to-treat (ITT) principle, with all patients analyzed according to the assigned treatment groups. The tests were two sided with an alpha of 0.05. Group differences were assessed using χ² tests for categorical variables and Mann-Whitney U tests for continuous variables. Overall survival and PFS were compared using multivariable Cox proportional hazards model including all stratification factors used at randomization as covariates. Hazard ratios (HR) with 95% confidence intervals (CI) were reported for the treatment effects. Subgroup analyses were performed of these outcomes using Cox models including treatment groups and subgroup variables with interaction terms. Serious adverse events were compared using χ² or Fisher exact tests. No adjustments for multiplicity were made and missing data were not imputed. Statistical analyses were performed using SPSS for Windows (IBM, version 28) and Stata 18 (StataCorp. 2023) according to the prespecified statistical analysis plan (Supplement 2, additional details are provided in eMethods).

Results
Baseline characteristics
[bookmark: _Hlk181651538]Between May 1, 2013 and May 19, 2023, 454 patients were enrolled. Study design is shown in the CONSORT diagram (Figure 1).13 A total of 72 patients dropped out prior to randomization (26 due to progressive disease; 21 were incorrectly included, the majority because local treatment was considered not feasible by independent multidisciplinary review; and 25 for other reasons, see Figure 1), resulting in randomization of 382 patients to either receive palliative systemic treatment (standard group, N=192) or tumor debulking plus palliative systemic treatment (intervention group, N=190). Five patients in the standard group withdrew consent and preferred to receive tumor debulking off-study; they were followed for PFS and overall survival. Baseline characteristics and metastatic patterns were comparable between the standard and intervention group (Table 1, eTable 2, eResults). Liver metastases were present in most of the patients (154 (80.2%) in the standard group, 152 (80.0%) in the intervention group). Details about systemic therapy cycles and dose intensities are provided in eTable 6. Median time to restart systemic therapy after completion of the last cycle before debulking was 2.8 months (IQR 2.3-3.7). 

Primary objective
At data cut-off on April 4th 2024 (when sufficient overall survival events were reached), 153 overall survival events occurred in the standard group and 155 in the intervention group. Median follow-up among survivors was 32.3 months (range 11-114). Median overall survival in the standard group was 27.5 months (interquartile range (IQR) 19.5-39.2) versus 30.0 months (IQR 18.1-47.6) in the intervention group (adjusted HR 0.88 [95% CI 0.70-1.10], p=0.26, Figure 2a). Event rates are provided in the supplementary text (eResults). Eight patients in the standard group crossed over and received a form of local treatment prior to progression; sensitivity analysis excluding these crossovers yielded similar overall survival (adjusted HR 0.82 [95% CI 0.65-1.03], p=0.09).

Secondary objectives
Median PFS in the standard group was 10.4 months (IQR 7.4-13.6) versus 10.5 months (IQR 7.3-15.7) in the intervention group (adjusted HR 0.83 [95% CI 0.67-1.02], p=0.08, Figure 2b). 

Seventy-four (39%) patients in the standard group and 101 (53%) patients in the intervention group experienced any SAE > grade 1 (risk difference intervention group compared to standard group 14.62%, 95% CI 4.21-25.03, p=0.006, Table 2). Local treatment related adverse events, SAEs > grade 3, and prespecified harms of study treatments are presented in eTable 1b, eTable 7 and eTable 8, respectively.

Elevated baseline CEA (>200 ug/L) was present in ten patients (5%) from the standard group and 16 patients (8%) from the intervention group. Baseline CEA was not statistically significant predictive for overall survival (CEA ≤200 ug/L: adjusted HR 0.84, 95% CI 0.66-1.08, p=0.17; CEA >200 ug/L: adjusted HR 0.90, 95% CI 0.32-2.52, p=0.84, p for interaction=0.87)or PFS (CEA ≤200 ug/L: adjusted HR 0.83, 95% CI 0.66-1.04, p=0.11; CEA >200 ug/L: adjusted HR 0.72, 95% CI 0.25-2.06, p=0.54, p for interaction=0.64) when comparing the intervention with the standard group (eFigure 3a and 3b).

Overall survival was not statistically different between the standard and intervention group according to BRAF V600E status (BRAF mutant: adjusted HR 0.88, 95% CI 0.31-2.46, p=0.80; BRAF wildtype: adjusted HR 0.82, 95% CI 0.63-1.05, p=0.12, p for interaction=0.41). PFS also did not differ between these groups (BRAF mutant: adjusted HR 0.77, 95% CI 0.26-2.26, p=0.63; BRAF wildtype: adjusted HR 0.84, 95% CI 0.67-1.07, p=0.16, p for interaction=0.66). Similarly, overall survival was not significantly different according to RAS mutation status (RAS mutant: adjusted HR 0.74, 95% CI 0.53-1.03, p=0.08; RAS wildtype: adjusted HR 0.94, 95% CI 0.64-1.38, p=0.75, p for interaction=0.28), nor was PFS (RAS mutant: adjusted HR 0.91, 95% CI 0.68-1.23, p=0.54; RAS wildtype: adjusted HR 0.70, 95% CI 0.50-1.00, p=0.05, p for interaction=0.58) between the standard and intervention group. Microsatellite instability status could not be analyzed, because almost all patients were microsatellite stable. All subgroups showed similar overall survival and PFS between the standard and intervention group, except one: patients who had stable disease at randomization demonstrated a significant overall survival benefit for the intervention group (p for interaction=0.04), although no differences in PFS were observed between the subgroups (p for interaction=0.13). Prespecified and post-hoc subgroups are shown in Figure 3 and eFigure 3, respectively.

Exploratory outcomes
At least 80% tumor debulking (maximal debulking) was achieved in 137 (72%) patients in the intervention group, of whom 73 underwent radical debulking (local treatment of all metastatic lesions). Debulking was incomplete in 25 patients debulking (0–80% tumor debulking), mostly due to more extensive metastatic disease than anticipated by imaging, and not attempted in 28 patients, because of new metastatic lesions prior to debulking or no detectable disease by imaging (Figure 1, eTable 1a). Median overall survival of patients with incomplete, maximal and radical debulking was 16.8 months (HR 1.90, 95% CI 1.37-2.64, p<0.001 compared to the standard group), 36.6 months (HR 0.75, 95% CI 0.55-1.03, p=0.080) and 35.3 months (HR 0.71, 95% CI 0.53-0.97, p=0.029), respectively. Maximal (at least 80%) versus radical (100%) debulking did not reveal any subgroup favoring the additional intervention (eFigure 1). An overview of the performed local treatment modalities in each patient is displayed in eTable 5.

Among 105 patients with left-sided BRAF/RAS wildtype tumors (55 in the standard group and 50 in the intervention group), overall survival remained similar between standard and intervention group (median overall survival 31.5 vs. 39.2 months, respectively, p=0.19; adjusted HR 0.78 [95% CI 0.47-1.28], p=0.32). 

In the standard group 77% received an equivalent of at least six months of palliative systemic treatment compared to 64% of the patients in the intervention group (p=0.006) (eTable 6). Post‑hoc analyses comparing chemotherapy duration (<6 versus ≥6 months) suggested no statistically significant difference between groups for overall survival (p for interaction=0.07) or PFS (p for interaction=0.12). Furthermore, this was also similar between stable disease and responders at randomization. 

Discussion
The ORCHESTRA trial found no significant improvement in overall survival or PFS from systemic treatment plus additional tumor debulking compared to systemic treatment alone in patients with multi-organ mCRC. Although commonly used arguments in multidisciplinary team meetings for the use of local therapy include postponement or interruption of systemic treatment to avoid associated toxicity, this trial found that more patients in the tumor debulking group experienced SAEs. Despite the increase in treatment‑related toxicity, health‑related quality‑of‑life assessments of the first 300 randomized participants showed no statistically significant or clinically relevant differences between study groups in a prior publication from this study.14 These results highlight the importance of prospective randomized clinical trials when considering the role of local therapies in the treatment of patients with mCRC.	Comment by Ng, Kimmie,MD: Authors, is this ok to add?

It is crucial to interpret the results of our study within this specific clinical framework. The trial was not designed to evaluate the efficacy of local therapy in patients with more limited metastatic disease. Nevertheless, subgroup analyses of patients in this study with disease limited to the liver (median of two metastases) and lungs (median of four metastases) also did not demonstrate an overall survival benefit with tumor debulking (Figure 3a, eFigure 3a). Only in patients with stable disease at randomization was a significant difference observed for overall survival among patients in the intervention group. The meaning of the latter is difficult to interpret due to the fact that there was no difference in PFS and the proportion of patients who received ≥6 months of chemotherapy was similar between stable disease and responders at randomization. 	Comment by Ng, Kimmie,MD: This statement needs to be rewritten to be more understandable for a non-oncology audience.

There were more patients in the standard group who received an equivalent of at least six months of chemotherapy compared to the intervention group (p=0.006). This difference may have contributed to the lack of survival benefit in the intervention group. Reasons that patients in the intervention group may have received less chemotherapy may include disease progression during the period of local therapy as shown in the CONSORT diagram (Figure 1), and the fact that patients were not able or willing to undergo systemic treatment after local therapy. No data on subsequent systemic therapies after disease progression on first-line treatment are available. However, it is unlikely that the difference in chemotherapy receipt had an influence on the primary outcome of the trial considering the lack of PFS difference between groups and the consistency of PFS and overall survival outcomes with other first-line trials of palliative systemic treatment.1,15 	Comment by Ng, Kimmie,MD: Authors, is this fair to say? 	Comment by Ng, Kimmie,MD: Similarly, this is difficult to understand for a non-oncology audience and needs to be re-written to be clearer.

The role of local therapy in mCRC is an ongoing research field. Retrospective studies have suggested a survival benefit from resection of the primary colorectal tumor in patients with extensive mCRC. However, three RCTs failed to demonstrate a survival advantage for this approach,16-18 leading to updates in clinical guidelines. The TransMet study19 showed that in highly selected patients with unresectable, liver-only colorectal metastases, liver transplantation plus chemotherapy significantly improved 5-year overall survival compared to chemotherapy alone (56.6% vs. 12.6%). Strict selection criteria, including absence of BRAF mutations and extrahepatic disease, were required. Several other trials evaluating patients with more extensive metastatic involvement than the patients in the TransMet study are ongoing. The ERASur study20 is a randomized phase III trial evaluating whether adding total ablative therapy (surgery, radiation, or thermal ablation) to standard systemic therapy improves overall survival in patients with newly diagnosed mCRC with…. Only patients with BRAF wildtype, microsatellite stable tumors and limited metastatic burden persisting after induction chemotherapy are eligible for randomization. The SABR-COMET trials21-23 investigate whether adding stereotactic ablative radiotherapy (SABR) to standard palliative care improves overall survival in patients with a controlled primary tumor and one to five metastatic lesions. The SABR-COMET Phase II trial23 included patients with various histologies, and showed gains in PFS and local control among mCRC patients, though less pronounced than in more radiosensitive histologies. Ongoing are the SABR COMET-3 trial,21 which is enrolling patients with 1-3 metastases, and the SABR COMET-10,22 which is enrolling patients with 4-10 metastases. These two trials will stratify patients based on histology and number of metastases.	Comment by Ng, Kimmie,MD: Please include the extent of metastatic disease allowed in the ERASur study.	Comment by Ng, Kimmie,MD: Should this be 10, as you mention below for the SABR-COMET-10 trial?

Limitations
This trial had limitations. First, the study took ten years to enroll patients due to the highly selected patient population with extensive metastatic disease in which tumor debulking had to be deemed feasible. This could have possibly led to out-of-date survival estimates and outdated systemic therapy regimens. However, the median overall survival and PFS in our trial were similar to recent outcomes from studies of first-line palliative chemotherapy, indicating an appropriate systemic treatment approach in this trial.1,15 
Second, our study did not use modern systemic chemotherapy regimens such as triplet chemotherapy regimens (e.g. FOLFOXIRI) or chemotherapy + anti-EGFR antibodies for left-sided/RAS wild-type tumors. One could reason that currently advocated intensified combination chemotherapy with three instead of two chemotherapeutic agents and/or with anti-EGFR directed agents in selected patients could have resulted in more successful debulking and improved outcomes by achieving higher response rates. However, a recent large randomized trial comparing different systemic therapy regimens for extensive liver-only mCRC suggested that such an improvement is unlikely, because similar PFS and overall survival outcomes were observed.24,25  Analyses from FIRE‑3 and CALGB/SWOG 80405 trials suggested that anti‑EGFR therapy may improve survival in (K)RAS wild‑type, left‑sided mCRC.26,27 The more recent panitumumab trial reported improved outcomes in left‑sided RAS/BRAF wildtype mCRC; however, the amendment for tumor sidedness was post-hoc, and subsequent therapy was imbalanced, with 45% of patients in the bevacizumab group receiving anti‑EGFR treatment.28 The CAIRO5 study demonstrated higher response and resection rates with anti‑EGFR therapy in left‑sided, liver‑limited, RAS/BRAF wildtype disease, but its updated analysis showed no overall survival benefit compared with bevacizumab.24,29 Taken together, these findings indicate that while anti‑EGFR therapy may facilitate deep responses and surgical conversion, its impact on long‑term survival in left‑sided RAS/BRAF wildtype tumors remains uncertain. While the use of updated systemic therapies may have improved survival overall, the proportional advantage of debulking (as measured in the trial’s original context) likely remains valid. 	Comment by Ng, Kimmie,MD: Please be more specific and list the exact trial you are referring to.

Conclusions
In conclusion, the results of the ORCHESTRA trial reveal no significant improvement in overall survival or PFS from additional tumor debulking compared to palliative systemic treatment alone in patients with multi-organ mCRC. The addition of tumor debulking to palliative chemotherapy should therefore not be considered standard of care. The use of local therapies for patients with more limited, oligometastatic CRC needs further consideration and is being studied in ongoing clinical trials. 	Comment by Ng, Kimmie,MD: Authors, is this ok?
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Tables
Table 1. Baseline characteristics

	
	Intervention group
N = 190 (%)
	Standard group
N = 192 (%)

	Demographics – n (%)
	
	

	   Sex 
	
	

	      Male
	127 (67)
	133 (69)

	      Female
	63 (33)
	59 (31)

	   Age (years)
	
	

	      <65
	101 (53)
	101 (53)

	      ≥65
	89 (47)
	91 (47)

	Tumor characteristics – n (%)
	
	

	   Location of primary tumor
	
	

	      Colon
	117 (62)
	114 (59)

	      Rectum
	73 (38)
	78 (41)

	   Sidedness of primary tumor*
	
	

	      Left 
	139 (73)
	137 (71)

	      Right 
	51 (27)
	55 (29)

	   Number of metastases#
	
	

	      Without peritoneal involvement
	130 (68)
	129 (67)

	      <5
	34 (18)
	45 (23)

	      5-10
	71 (37)
	62 (32)

	      >10 or diffuse
	25 (13)
	22 (11)

	      With Peritoneal involvement
	60 (32)
	63 (33)

	      <5
	33 (17)
	32 (17)

	      5-10
	24 (13)
	22 (11)

	      >10 or diffuse
	3 (2)
	9 (5)

	   Organ involvement§
	
	

	      Liver and lung only
	39 (21)
	38 (20)

	      2 organs (excluding liver and lung only)
	76 (40)
	79 (41)

	      >2 organs
	74 (39)
	74 (39)

	   Chronicity
	
	

	      Synchronous
	87 (46)
	96 (50)

	      Metachronous
	103 (54)
	96 (50)

	   Grade of differentiation
	n = 177
	n = 183

	      Well or moderately differentiated
	154 (81)
	157 (82)

	      Poorly differentiated
	20 (11)
	20 (10)

	      Other†
	3 (2)
	6 (3)

	Prior treatment – n (%)
	
	

	   Primary tumor resected
	145 (76)
	136 (71)

	   Prior treatment primary tumor‡
	159 (84)
	150 (78)

	   Prior systemic therapy£
	53 (28)
	53 (28)

	   Prior local treatment of metastases
	82 (43)
	78 (41)

	Laboratory measurements – n (%)
	
	

	   CEA at baseline (ug/L)¶
	n = 177
	n = 184

	      ≤200
	161 (85)
	174 (91)

	      >200
	16 (8)
	10 (5)




Table 1. Baseline characteristics (continued)

	
	Intervention group
N = 190 (%)
	Standard group
N = 192 (%)

	   LDH at baseline (U/L)**
	n = 176
	n = 175

	      Normal (≤250)
	145 (76)
	143 (74)

	      Abnormal (>250)
	31 (16)
	32 (17)

	Mutational status – n (%)
	
	

	   Mutated BRAF gene##
	13/158 (7)
	13/179 (7)

	   Mutated KRAS gene
	78/158 (41)
	97/180 (51)

	   Mutated NRAS gene
	7/157 (4)
	12/179 (6)

	   Microsatellite instability status
	n = 156
	n = 158

	      Microsatellite stable
	155 (82)
	158 (82)

	      Microsatellite instable
	1 (1)
	0 (0)

	Treatment response – n (%)
	
	

	   Response at randomization§§
	
	

	      Partial or complete response
	92 (48)
	93 (48)

	      Stable disease
	98 (52)
	99 (52)



[bookmark: _Toc189837816]Abbreviations: CEA, carcinoembryonic antigen; LDH, lactate dehydrogenase. *Defined by the position in regard to the left colic flexure. #Peritoneal metastases are not included. §2 patients with metastases in only one organ were wrongly included. †Other consists of undifferentiated, signet ring cell carcinoma, not assessable. ‡Surgery, chemotherapy, radiotherapy, and/or chemoradiation. £(Neo)adjuvant systemic therapy for primary tumor or induction therapy for local treatment of metastases. ¶Cut point was chosen based on a higher tumor burden, more aggressive disease biology and poorer prognosis when CEA levels are above 200 ug/L. **Cut-off was determined by the laboratory reference values. ##BRAF V600E. §§Determined by Response Evaluation Criteria in Solid Tumors (RECIST). Percentages may not equal 100 due to rounding. 























Table 2. Serious adverse events > grade 1

	
	
Grade
	Intervention groupb
(N=190), n (%)
	Standard groupa
(N=192), n (%)

	Any SAE grade II-V
	2-5
	101 (53)
	74 (39)

	Any SAE by grade
	5
	8 (4)
	0 (0)

	
	4
	14 (7)
	10 (5)

	
	3
	87 (46)
	61 (32)

	
	2
	20 (11)
	14 (7)

	Not related
	5
	4 (2)
	0 (0)

	
	4
	8 (4)
	6 (3)

	
	3
	35 (18)
	38 (20)

	
	2
	9 (5)
	9 (5)

	Related to chemotherapy
	5
	0 (0)
	0 (0)

	
	4
	0 (0)
	4 (2)

	
	3
	36 (19)
	28 (15)

	
	2
	5 (3)
	6 (3)

	Related to local treatment
	5
	4 (2)
	NA

	
	4
	6 (3)
	NA

	
	3
	33 (17)
	NA

	
	2
	7 (4)
	NA




The adverse events were classified according to common terminology criteria for adverse events (CTCAE), version 4.03, where grade II denotes a moderate event, grade III indicates a severe event, grade IV represents a life-threatening or disabling event, and grade V corresponds to death. Each SAE was graded. Treatment-relatedness of SAEs was determined at the discretion of local investigators. Abbreviations: NA, not applicable; SAE, serious adverse event. aStandard group: 24 patients experienced >1 SAE (median 1, range 1-4). bIntervention group: 47 patients experienced >1 SAE (median 1, range 1-9).






