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Abstract  

In patients with metastatic colorectal cancer (mCRC) predominantly confined to the liver, whether a 

patient undergoes potentially curative resection of the liver lesions is a well-established principal 

determinant of long-term survival. There are a number of different agents, both chemotherapeutic and 

targeted biologic agents, which can aid in shrinking liver tumors, which would have otherwise been 

unresectable, allowing for potentially curative resection. The aim of this this review article is to 

summarize the available evidence regarding optimal therapeutic strategies for converting initially 

unresectable metastases for potentially curative resection; we do not discuss patients who present with 

initially resectable disease. We have taken the approach to review trials that included R0 resection rates 

as one of the principal study endpoints and specifically enrolled patients with liver limited disease.  

Primary tumor location has recently emerged as a putative prognostic and predictive factor in patients 

with mCRC; however, presently, there is a lack of resectability outcomes differentiating tumor location-

defined subgroups and several ongoing trials and retrospective analyses are anticipated to guide insights 

in the future. In conclusion, in patients with RAS wild-type mCRC, the data support preferential use of 

the anti–epidermal growth factor receptor monoclonal antibody cetuximab when combined with 

standard-of-care infusional doublet chemotherapy regimens (FOLFOX or FOLFIRI) for the conversion of 

initially unresectable metastases for potentially curative resection. Furthermore, we discuss data 

involving intensified chemotherapy regimens (ie, 3-drug backbones such as FOLFOXIRI with or without a 

targeted biologic agent) to promote the conversion of initially unresectable metastases for potentially 

curative resection.  
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Introduction 

Despite significant progress over the past 20 years in terms of both the prevention and 

treatment of colorectal cancer (CRC), the disease remains a leading cause of cancer-associated mortality 

worldwide.
1
 However, improvements in both targeted therapy and surgical intervention have 

significantly improved survival in patients with metastatic CRC (mCRC): Median survival now exceeds 30 

months in randomized, phase 3 clinical trials involving patients with RAS wild-type (RAS-wt) mCRC.
2-5

  

The prognosis for patients with mCRC depends on the extent of metastatic disease. Patients 

with liver-limited disease (LLD) have superior long-term survival outcomes relative to patients whose 

metastatic disease is more widely spread beyond the liver.
6
 This is attributable, at least in part, to 

patients with LLD having an increased probability of undergoing potentially curative surgical resection of 

their metastatic lesions, which serves as a well-established principal determinant of long-term survival in 

patients with mCRC (resected patients with LLD can have a median survival of >60 months).
6
  

It is critical to note that patients with mCRC can be deemed resectable either at initial diagnosis 

or following conversion therapy. Specifically, some patients present with initially unresectable disease 

due to tumor size, number of lesions, location of lesions, or other poor prognostic factors. However, by 

administering chemotherapy ± a biologic agent to suitable patients, it is possible to “convert” (via 

shrinkage and response of tumor lesions to therapy) initially unresectable metastatic lesions for 

potentially curative resection in a meaningful number of these initially unresectable cases.
7
  

Nevertheless, it should be noted that, currently, no definition of “resectable” mCRC is 

universally accepted. Even among highly experienced hepatic surgeons, clinical opinions can differ due 

to a variety of factors. In fact, surgical experience or skill itself is a possible consideration when 

discussing resectability. Indeed, even patients with extrahepatic metastatic disease can present as 

potential candidates for resection in certain circumstances.8  
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An evaluation by a multidisciplinary team (MDT) can also enhance the probability of ultimately 

undergoing potentially curative surgical resection. MDTs typically comprise oncologists, surgeons, 

pathologists, radiologists, and other healthcare providers, who all function collaboratively at multiple 

timepoints to ensure optimal treatment decisions for patient management. An MDT approach is 

therefore an emerging standard of care for effectively treating mCRC and is particularly important within 

the context of assessing resectability. More specifically, the absence of an MDT that includes an 

experienced hepatic surgeon, may result in patients with potentially resectable disease being precluded 

from receiving surgery with curative intent. This may lead to lower rates of resected patients, 

particularly in non–academic or community settings.
9-12

 Empirical confirmation of this supposition has 

recently been provided by a central retrospective radiographic review of tumor lesions from the phase 3 

FIRE-3 trial conducted by MDTs that included surgeons and medical oncologists. This study reported that 

multidisciplinary decision making would have afforded numerous additional opportunities for surgical 

resection.
12

 

Although routine clinical practice in some countries may not conform fully to consensus 

guidelines, the ESMO guidelines advocate for the preferential use of an anti–epidermal growth factor 

receptor (anti-EGFR) antibody (cetuximab or panitumumab) for the conversion of initially unresectable 

metastases in patients with RAS-wt mCRC. The majority of the available supportive data derive from 

trials in which cetuximab is combined with standard-of-care infusional chemotherapy backbones: 

fluorouracil, leucovorin, and oxaliplatin (FOLFOX) or fluorouracil, leucovorin, and irinotecan (FOLFIRI). 

Intensified regimens containing infusional fluorouracil, leucovorin, oxaliplatin, and irinotecan 

(FOLFOXIRI) chemotherapy in conjunction with a biologic are also described as a standard treatment 

option for the conversion of initially unresectable metastases.20 
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This article will summarize the available evidence for converting initially unresectable 

metastases for potentially curative resection, including data involving intensified FOLFOXIRI 

chemotherapy backbones.  

 

Methods 

This review article will focus specifically on strategies for converting initially unresectable mCRC 

liver metastases for surgical resection. Accordingly, we will not discuss patients with widespread disease 

who would be treated with palliative intent nor studies conducted in patients who present with initially 

resectable mCRC. Thus, while we acknowledge the findings of the New-EPOC and Bendell et al trials, 

these studies will not be discussed in this review article, as these trials were conducted in a different 

patient population. Specifically, both studies included many patients with initially resectable disease). 

Such differences in approach also mirror the separation drawn in the updated European Society for 

Medical Oncology (ESMO) consensus guidelines.
13-19 20

 
21

 Therefore, it has historically been challenging to 

draw meaningful cross-trial comparisons regarding rates of conversion of initially unresectable 

metastases for potentially curative surgical resection.  

In an endeavor to circumvent these challenges, here we focus on clinical trials that included R0 

resection rate as one of the principal study endpoints, as well as real-world studies designed to further 

address the topic of resectability. Our rationale stems from the notion that trials that were specifically 

designed to assess resectability are more likely to have remained vigilant of the above-described 

challenges. Thus, these trials may provide a more robust measure of surgical conversion rates in patients 

with initially unresectable mCRC. Indeed, we and others have previously noted that R0 resection rates 

are historically lower in clinical trials that were not designed to assess resectability (Figure 1).22  

Most trials that included R0 resection rates as one of the principal study endpoints specifically 

enrolled patients with LLD, with the main aim of the study being resectability. Studies conducted in the 
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palliative patient population may also record resection rates, but these patients are not similarly strong 

candidates for conversion to resectability. Accordingly, in our discussion below, we have carefully 

specified whether the cited resection rates apply to the overall mixed patient population or to the 

(prognostically more favorable) LLD subgroup.  

We also acknowledge the potential clinical benefits of R1 resections.
23,24

 However, there is no 

uniform consensus on the definition of “R1” and R1 resection rates are not consistently reported in the 

literature and therefore cannot be discussed exhaustively here. 

Finally, while resectability data for patients with initially unresectable mCRC treatment with 

nonintensified chemotherapy alone (ie, singlet/doublet chemotherapy that is not administered in 

combination with cetuximab, panitumumab, or bevacizumab) are available from a number of historical 

trials,
25-29

 these findings will be reviewed only as appropriate to the available data and treatment 

landscape.  

 

Resection rates in key mCRC clinical trials involving patients with initially unresectable metastases 

Data evaluating a role for cetuximab in converting initially unresectable mCRC for resectability 

Table 1 summarizes the available evidence evaluating the use of cetuximab in combination with 

conventional (ie, irinotecan- or oxaliplatin-based) chemotherapy backbones in clinical trials that 

evaluated patients with initially unresectable mCRC. All listed studies included R0 resection rate as one 

of the principal study endpoints. Assessed collectively, these data demonstrate that cetuximab in 

combination with conventional chemotherapy is consistently able to elicit impressive R0 resection rates 

in patients with initially unresectable disease who have (K)RAS-wt tumors.  

Perhaps of paramount importance among these clinical trials is the Chinese BELIEF study 

(initially referred to as NCT01564810, with the BELIEF acronym only used for the RAS analysis). BELIEF  

was a phase 4 trial that assessed the impact of adding cetuximab to either FOLFOX or FOLFIRI in patients 
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with initially unresectable LLD compared to chemotherapy alone.
30,31

 In the original KRAS-wt population, 

the addition of cetuximab to FOLFOX or FOLFIRI significantly increased the primary endpoint of R0 

resection rate (25.7% vs 7.4%; p < .01). The key secondary endpoints of objective response rate (ORR; 

57.1% vs 29.4%; p < .01), overall survival (median OS; 30.9 vs 21.0 months; p = .013), and progression-

free survival (median PFS; 10.2 vs 5.8 months; p = .004) were also significantly improved.
30

 Upon 

assessment of expanded RAS mutational status (exons 2-4 of both KRAS and NRAS), in general, the 

cetuximab-induced treatment effects were numerically even more pronounced. R0 resection rate 

(26.7% vs 6.3%; p = .013), ORR (62.2% vs 29.2%; p = .002), median OS (35.1 vs 21.7 months; p = .009), 

and median PFS (9.8 vs 5.3 months; p = .002) outcomes were all significantly greater in the cetuximab 

plus FOLFOX or FOLFIRI arm vs the chemotherapy-alone arm.
31

  

Importantly, the outcomes of the studies cited in Table 1 collectively support the importance of 

successful implementation of an MDT approach when using cetuximab-based regimens, as high R0 

resection rates were consistently observed in cetuximab trials that incorporated an MDT requirement in 

their study design.
32-34

  

Notably, the randomized, phase 2 CELIM trial has suggested that the resection-promoting 

activities of cetuximab in patients with initially unresectable mCRC are similar when combined with 

either FOLFOX or FOLFIRI chemotherapy backbones.
32,33

 CELIM also informed us that “convertability” is 

not a static concept. Specifically, liver surgery timing is not predetermined for best outcomes, in 

contrast to for example, New-EPOC, where surgery was mandated after 3 months of chemotherapy. 

Other clinical studies have also demonstrated that cetuximab is safe and effective when combined with 

either oxaliplatin- or irinotecan-based conventional chemotherapy backbones involving infusional 

fluorouracil.5,35-38 

Despite these trials not being specifically designed to assess resectability, observations from the 

randomized, phase 3 CRYSTAL and phase 2 OPUS studies support the notion that adding cetuximab to 
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conventional chemotherapy improves R0 resection rates in patients with initially unresectable LLD who 

have (K)RAS-wt tumors. Indeed, in the RAS-wt population of CRYSTAL, the R0 resection rate was 

increased from 6.5% to 16.3% with the addition of cetuximab to FOLFIRI in patients with LLD. Similar 

findings were reported in the KRAS-wt population of OPUS, although the RAS-wt population was too 

small to permit meaningful interpretation).
39,40

 Notably, these data from CRYSTAL and OPUS further 

show that the addition of cetuximab to FOLFIRI and FOLFOX, respectively, also numerically increases R0 

resection rates in patients with non-LLD who have (K)RAS-wt mCRC, indicating that even patients who 

have more widespread metastatic disease beyond the liver may also have enough tumor shrinkage to 

enable R0 resection to take place.
39,40

 Also of interest, Adam et al showed that even in patients who had 

failed to become resectable with chemotherapy alone, rescue treatment with cetuximab was able to 

ensure meaningful rates of hepatic resection.
42

 

While the above-described findings reinforce the importance of the MDT approach, the lack of 

widespread implementation of MDTs at the time of the CRYSTAL and OPUS studies may have reduced 

the absolute number of R0 resections in both treatment arms of the LLD as well as the non-LLD 

subgroups.
9-12

 In contrast to these data from CRYSTAL and OPUS, the randomized, phase 3 COIN study 

did not report an increase in potentially curative liver resections—despite an increase in ORR—with the 

addition of cetuximab to oxaliplatin-based chemotherapy in the LLD subgroup of patients with initially 

unresectable disease.
43

 However, interpretation of the COIN data is limited by the use of a noninfusional 

fluorouracil-containing chemotherapy regimen (CAPOX) in combination with cetuximab in many 

patients, which was previously postulated to account for the unexpectedly negative findings of this 

trial.
44

  

In further support of the observation that cetuximab promotes the conversion of initially 

unresectable metastases, real-world evidence from the KRAS-wt populations of the EREBUS and 

ERBITAG observational studies suggests that cetuximab in combination with conventional chemotherapy 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

10 

 

elicits impressive resection rates. In EREBUS, the resection rate was 20.8% in the overall population and 

36.7% in the LLD subgroup.
45

 An interim analysis of ERBITAG reported an R0 resection rate of 16.9% in 

the overall population and 30.6% in the LLD subgroup.
46

 These findings reinforce real-world 

observations from the KRAS wt population of patients with initially unresectable LLD included in the 

RESECT study, in which a 28% R0 resection rate was reported.
34

 

 

Data evaluating a role for panitumumab in converting initially unresectable mCRC for resectability 

In contrast to the wealth of evidence described above supporting a pivotal role for cetuximab in 

conversion therapy for patients with RAS-wt mCRC, to date only limited data have evaluated whether 

panitumumab in combination with conventional chemotherapy also promotes conversion to 

resectability in patients with initially unresectable mCRC. Indeed, there has been only a single 

panitumumab trial specifically designed to assess resectability in a pure population of patients with 

initially unresectable mCRC: the phase 2 PLANET study, which randomized patients with LLD who had 

KRAS-wt tumors to receive panitumumab in combination with either FOLFOX or FOLFIRI and reported 

that 51.9% of patients underwent surgical resection of liver metastases after perioperative treatment 

(77.5% of these resections were either R0 or R1).
47

 

When also considering trials that were not specifically designed to assess resectability, the 

complete resection rate was only modestly numerically higher with the addition of panitumumab to 

FOLFOX in patients with initially unresectable KRAS-wt mCRC in the randomized, phase 3 PRIME trial 

(10% vs 8%, although the complete resection rate was numerically higher in the panitumumab arm in 

the LLD subgroup [28% vs 18%]). In this analysis, resections were categorized as either “complete” or 

“partial,” and the status of the surgical margins was not recorded.48 Furthermore, in the KRAS-wt 

population of the randomized, phase 2 PEAK trial of patients with initially unresectable mCRC, the R0 
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resection rate was comparable between the panitumumab plus FOLFOX and bevacizumab plus FOLFOX 

arms (10% vs 8%, respectively).
4
  

Hence, despite the fact that panitumumab is frequently grouped together with cetuximab under 

the heading “anti-EGFR antibody,” currently only limited data have evaluated safety and the resection-

promoting role for panitumumab in patients with initially unresectable mCRC.  

 

Data evaluating a role for bevacizumab in converting initially unresectable mCRC for resectability 

Similarly, limited studies have evaluated whether bevacizumab in combination with 

conventional chemotherapy promotes conversion to. The only dedicated study in which R0 resection 

rate was a principal endpoint in a pure population of patients with initially unresectable mCRC was a 

relatively small, single-arm, phase 2 study evaluating bevacizumab in combination with FOLFOX in 

patients with LLD. Although the data appeared positive (R0 resection rate = 44.4%),
49

 a clear need exists 

for additional empirical evidence to support a resection-promoting role for bevacizumab in combination 

with conventional chemotherapy.  

When studies that were not specifically designed to assess resectability are also considered, a 

large meta-analysis of 29 bevacizumab trials that included 3502 patients treated with bevacizumab plus 

FOLFIRI reported a 9.3% pooled rate of surgical resection of metastases without stipulation of outcome 

(with an 18% rate of liver resections).
50

 In the randomized, phase 3 NO16966 study, adding bevacizumab 

to oxaliplatin-based chemotherapy increased neither the R0 resection rate nor the ORR.
51

 Furthermore, 

real-world data from the ETNA cohort of patients treated with bevacizumab plus irinotecan-based 

chemotherapy reported an R0 resection rate in the overall patient population of 12.2% (only 14.7% in 

the LLD subgroup),52 which is very similar to that observed for irinotecan alone.53 Thus, only limited 

evidence is available supporting a resection-promoting role for bevacizumab. Furthermore, given 

bevacizumab’s angiogenesis-based mechanism of action and established impact on wound healing, it 
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has been noted that, following neoadjuvant bevacizumab, a longer therapy-free interval prior to surgery 

is needed to circumvent potential bleeding-related issues.
22

 

 

Head-to-head trials of cetuximab vs bevacizumab in conjunction with conventional chemotherapy 

Importantly, studies in both the conversion and palliative setting have now begun to evaluate 

cetuximab vs bevacizumab head-to-head in terms of their capacity to convert initially unresectable 

metastases for potentially curative resection in combination with conventional chemotherapy in 

patients with RAS-wt mCRC. Currently, no head-to-head data compare first-line cetuximab vs 

panitumumab – nor first-line panitumumab vs bevacizumab – in this setting.  

In a single-institution, 3-arm study (n = 104) that used resection rate as the primary study 

endpoint, a trend was observed that favored cetuximab plus conventional chemotherapy (FOLFOX or 

FOLFIRI) vs FOLFOX or FOLFIRI alone vs bevacizumab plus FOLFOX or FOLFIRI (resection rate = 51.4% vs 

43.3% vs 30.7%, respectively; cetuximab vs bevacizumab comparison: hazard ratio [HR] = 0.42; 95% CI, 

0.14-1.20; p = .07) in patients with initially unresectable KRAS-wt mCRC.
54

  

Two head-to-head studies that did not specifically emphasize resectability as a principal study 

endpoint were FIRE-3 and CAGB/SWOG 80405. Data from the RAS-wt population of the randomized, 

phase 3 FIRE-3 trial showed that the percentage of patients who discontinued treatment owing to their 

eligibility for secondary resection of metastases was comparable between patients who were treated 

with cetuximab plus FOLFIRI vs those receiving bevacizumab plus FOLFIRI (11.6% vs 11.0%, 

respectively).
55

 However, in the KRAS-wt population of the randomized, phase 3 CALGB/SWOG 80405 

trial, although the long-term outcomes for successfully resected patients were similar between 

treatment arms, more patients treated with cetuximab plus conventional chemotherapy (either FOLFOX 

or FOLFIRI) underwent surgical resection than those in the bevacizumab plus FOLFOX or FOLFIRI arm (n = 

105 [18.2%] vs n = 75 [13.4%], respectively).56  
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Notably, these observations are largely consistent with a previously proposed model that 

improved ORR leads to improved conversion to resectability (Figure 1),
22,57

 likely via the induction of 

superior tumor shrinkage. Because cetuximab consistently elicited a higher ORR than bevacizumab in 

head-to-head, phase 3, randomized clinical trials involving patients with initially unresectable RAS-wt 

mCRC,
5,58

 it is therefore logical that cetuximab would also better facilitate conversion to resectability. 

Finally, it should be stated that more sophisticated metrics for assessing response and tumor shrinkage 

(eg, quantitative assessments of depth of response [DpR], which is commonly defined as the maximal 

extent of tumor shrinkage) may reflect the activity of therapeutic agents even better than conventional 

ORR in patients with mCRC.
59

 Logically, then, cetuximab plus FOLFIRI showed significantly greater DpR 

compared to bevacizumab plus FOLFIRI in the head-to-head FIRE-3 trial (−48.9% vs −32.3%; p < .0001) 

and DpR correlated significantly with PFS and OS.
60

  

Taken together, the evidence cited above suggests that it would be beneficial to favor the use of 

cetuximab (vs bevacizumab) when combined with standard-of-care FOLFOX or FOLFIRI chemotherapy 

backbones for the conversion of initially unresectable metastases in patients with RAS-wt mCRC. 

 

Emerging data involving intensified chemotherapy regimens (FOLFOXIRI) 

The preceding discussions have been confined to trials employing conventional doublet 

chemotherapy backbones (eg, FOLFOX or FOLFIRI) combined with biologic agents. However, 

resectability data involving intensified (triplet) FOLFOXIRI chemotherapy backbones in patients with 

initially unresectable mCRC are also now emerging. Table 2 summarizes the available evidence 

evaluating the utility of FOLFOXIRI chemotherapy backbones (in combination with bevacizumab or 

cetuximab) in clinical trials that evaluated patients with initially unresectable mCRC and included R0 

resection rate as one of the principal study endpoints. 
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The randomized, phase 2 OLIVIA trial compared bevacizumab plus FOLFOXIRI vs bevacizumab 

plus FOLFOX (ie, evaluated the effect of adding irinotecan to bevacizumab plus FOLFOX) in patients with 

initially unresectable LLD. Overall resection rate (R0/R1 and /R2) was the primary study endpoint, with 

R1 and R2 rates serving as a quality-assurance comparison. The authors reported that R0 resection rates 

were higher in the bevacizumab plus FOLFOXIRI arm (49% vs 23%).
61

  

In contrast, in the randomized, phase 3 TRIBE study, although not a dedicated resectability 

study, the R0 resection rate was not improved upon intensifying the chemotherapy backbone in 

conjunction with bevacizumab (R0 resection rates = 15% vs 12% [32% vs 28% within the LLD subgroup] 

in the bevacizumab plus FOLFOXIRI and bevacizumab plus FOLFIRI arms, respectively). This study 

evaluated the impact of adding oxaliplatin to bevacizumab plus FOLFIRI.
62

 This finding differs from prior 

observations from the randomized, phase 3 GONO trial, in which the R0 resection rate was increased 

from 6% in the FOLFIIRI arm to 15% in the FOLFOXIRI arm (12% vs 36%, respectively, within the LLD 

subgroup).
63

 Thus, whereas adding oxaliplatin to FOLFIRI appeared to increase the R0 resection rate in 

the absence of bevacizumab, no notable increase in the R0 resection rate was reported when 

bevacizumab was also included in the intensified therapeutic regimen. In the phase 2 STEAM trial, 

adding irinotecan to bevacizumab plus FOLFOX numerically improved R0 resection rates (15% vs 6%) in 

the first-line treatment of patients with initially unresectable mCRC.
64

 Importantly, whether the addition 

of bevacizumab to FOLFOXIRI improves R0 resection rates has not yet been evaluated (the above studies 

only assessed intensifying the chemotherapy backbone itself and don’t allow evaluation of whether any 

benefit is derived from adding bevacizumab to an intensified regimen). In this respect, the results of a 

recently published pooled analysis of 3 GONO trials, as well as a second pooled analysis of 11 trials, 

investigating resection rates in patients treated with bevacizumab plus FOLFOXIRI (not dedicated to 

resectability)—which reported, respectively, a 36.1% R0/R1 resection rate in patients with LLD and a 

39.1% surgical conversion rate (28.1% R0 resection) in an unselected population —fail to provide 
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definitive evidence supporting a resection-promoting role for bevacizumab in combination with 

FOLFOXIRI.
65,83

 

Importantly, presently available data suggest that intensifying the chemotherapy regimen 

administered in conjunction with cetuximab may be an alternative (or, in certain contexts, even an 

improvement) over cetuximab plus doublet chemotherapy in terms of converting initially unresectable 

metastases for potentially curative resection in patients with RAS-wt mCRC, albeit using a modified 

FOLFOXIRI schedule due to toxicity concerns with the cetuximab plus FOLFOXIRI combination.  

In a single-arm, phase 2 study that included both initially unresectable patients with LLD and 

those with extrahepatic disease, Saridaki et al reported an R0 resection rate of 37% in patients treated 

with cetuximab plus FOLFOXIRI who had KRAS-wt mCRC.
66

  

Similarly, a 60% R0 resection rate was observed in the single-arm, phase 2 POCHER trial, in 

which RAS-unselected patients with initially unresectable LLD were treated with cetuximab plus triplet 

chemotherapy (chrono-IFLO [irinotecan, fluorouracil, leucovorin, and oxaliplatin]).
67

 Notably, the 

POCHER study design incorporated an MDT requirement, which may have optimally facilitated the 

likelihood of detection of conversion to potential resectability. 

Furthermore, the single-arm, phase 2 OPTILIV study, which investigated the activity of 

cetuximab in combination with hepatic artery infusion of intensified chemotherapy in previously treated 

patients with initially unresectable LLD who had KRAS-wt tumors, met its primary endpoint (R0/R1 

resection rate = 29.7%).
68

 This observation is consistent with prior reports suggesting the utility of 

hepatic artery infusion for converting initially unresectable metastases for resection.
69

  

Also of interest, data from the single-arm, phase 2 ERBIFORT trial suggest that patient selection 

on the basis of UGT1A1 status may effectively identify individuals who can tolerate regimen 

intensification (here, high-dose irinotecan delivered within the context of a FOLFIRI chemotherapy 
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backbone vs a triple combination). This resulted in an 80.7% rate of metastatic resection in these 

biomarker-selected patients who received high-dose irinotecan.
70

  

Critically, the preliminary head-to-head data favor cetuximab vs bevacizumab within the context 

of the FOLFOXIRI backbone in patients with initially unresectable mCRC. Data from the (K)RAS-wt 

population of the phase 2 METHEP-2 trial, which randomized patients to receive either FOLFOX, FOLFIRI, 

or FOLFOXIRI in combination with a targeted agent (either bevacizumab or cetuximab, with the 

assignment dependent on [K]RAS biomarker status), suggest that not only was the rate of R0/R1 

resection numerically higher in patients treated with FOLFOXIRI (vs FOLFOX or FOLFIRI), but also in 

patients receiving cetuximab vs bevacizumab (55.6% vs 44.7%; unstratified for chemotherapy backbone 

and also subject to the caveat that comparison between cetuximab vs bevacizumab was not supported 

by randomization and may be confounded by differences in [K]RAS status).
71

 These observations build 

on previous data from the randomized, phase 2 METHEP trial, in which patients with initially 

unresectable mCRC receiving FOLFOXIRI had a numerically higher rate of conversion to resectability vs 

those patients receiving FOLFOX or FOLFIRI (67% vs 40%).
72

  

Analogously, in the randomized, phase 2 MACBETH study, R0 resection rates were numerically 

higher in patients with RAS-wt/BRAF-wt tumors receiving maintenance cetuximab vs bevacizumab 

following 8 cycles of induction with cetuximab plus FOLFOXIRI in the first line (32.2% vs 22.8% in the 

overall population and 53.6% vs 45.8% within the LLD subgroup, respectively).
73

  

Taken together, these exciting initial observations provide a clear impetus for further evaluation 

of the capacity of cetuximab in combination with FOLFOXIRI to promote the conversion of initially 

unresectable metastases in patients with RAS-wt mCRC. Thus, we eagerly anticipate the completion of 

the ongoing CELIM2, DEEPER, and FOCULM trials. Notably, they raise the possibility that cetuximab plus 

FOLFOXIRI may prove to be a viable alternative to bevacizumab plus FOLFOXIRI in these patients. In this 

respect, the ongoing CELIM2 trial is particularly pivotal, as this large (n = 232) study is anticipated to 
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afford not only insights regarding the optimal chemotherapy backbone for promoting conversion to 

resectability (FOLFIRI vs FOLFOXIRI) but perhaps also the optimal antibody to combine with 

chemotherapy in this setting (cetuximab vs bevacizumab). Although, at present, the data are more 

limited, further study of panitumumab in combination with FOLFOXIRI is also merited (eg, the VOLFI 

study). 

 

Conclusions 

In this review article, we have synthesized and contextualized data pertaining to optimal 

therapeutic strategies for converting initially unresectable metastases for potentially curative resection 

in patients with mCRC, a treatment outcome that is inextricably associated with improved long-term 

survival. Importantly, this guidance strongly recommends that patients with initially unresectable mCRC 

should be evaluated within the context of an MDT at multiple timepoints, an emerging standard of care 

that has proven essential for ensuring that no eligible patients are precluded from undergoing 

potentially curative surgical resection of their metastatic lesions.  

Of course, even when optimally assessed within the context of an MDT, not all patients with 

mCRC will have an opportunity to benefit from liver surgery. It is therefore essential to bear in mind the 

important improvements in nonsurgical treatments (both targeted therapy and chemotherapy), which 

have significantly contributed to improved survival (median OS now exceeds 30 months in randomized, 

phase 3 clinical trials involving patients with RAS-wt mCRC).
2-5

 However, an important open topic 

involves how best to manage patients with never-resectable disease, particularly in light of the fact that 

median OS is only one metric that may not fully account for various quality-of-life considerations, 

including control – and not just cure – of liver metastases. 

Although primary tumor location has recently emerged as a putative prognostic and predictive 

factor in patients with mCRC,74 at present, there is a lack of resectability data within tumor location–
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defined subgroups (save several recent reports that the prognostic difference in left- vs right-sided 

tumors persists even following surgical resection of LLD
75-77

). We eagerly anticipate dedicated 

resectability data on this important topic (eg, from the ongoing CELIM2 trial). Until such additional data 

are available, we will refrain from espousing firm treatment recommendations, although we note that a 

trend toward improved response rates in patients with right-sided tumors receiving anti-EGFR 

antibodies may hold implications when conversion to resectability is the therapeutic goal.  

Taken together, the available evidence supports the preferential use of an anti-EGFR antibody 

(with the majority of the available supportive data deriving from cetuximab trials) in combination with 

standard-of-care FOLFOX or FOLFIRI chemotherapy backbones for the conversion of initially 

unresectable metastases in patients with RAS-wt mCRC.  

Furthermore, we acknowledge the recent publication of even more positive resectability data 

from therapeutic strategies involving an intensified FOLFOXIRI chemotherapy backbone in patients with 

initially unresectable mCRC. In fact, higher rates of conversion to resectability have been observed in 

multiple studies comparing FOLFOXIRI vs either FOLFOX or FOLFIRI. Notably, evidence supporting the 

utility of cetuximab plus FOLFOXIRI vs bevacizumab plus FOLFOXIRI for the conversion of initially 

unresectable metastases in patients with RAS-wt mCRC is now emerging. It should be noted that not all 

patients are suitable for an intensified – and potentially more efficacious – FOLFOXIRI regimen, which 

has significant tolerability concerns (including the potential for liver damage) in comparison to well-

established conventional chemotherapy backbones such as FOLFOX and FOLFIRI. Accordingly, the 

current evidence supports that cetuximab plus either FOLFOX or FOLFIRI remains the standard-of-care 

regimen for effectively converting initially unresectable metastatic lesions for potentially curative 

resection in patients with RAS-wt mCRC. 

 

Acknowledgments 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

19 

 

Medical writing assistance was provided by ClinicalThinking, Inc, Hamilton, NJ, USA, and funded by 

Merck KGaA, Darmstadt, Germany. 

 

Conflict of Interest Statement 

GP has attended advisory boards for Merck KGaA, BTG, and Sirtex, and is on the speaker panels of those 

organizations. RA has received honoraries (ad-hoc advisory boards and lectures) from Merck, Amgen, 

and Sanofi. BB is an employee of Merck KGaA. RE is an employee of Merck KGaA and reports stock 

ownership. HW has attended advisory boards and given lectures for Merck KGaA, Roche, and Sirtex. The 

rest of the authors have nothing to disclose. 

 

References 

1. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA Cancer J Clin. 2013;63(1):11-30. 

2. Kopetz S, Chang GJ, Overman MJ, et al. Improved survival in metastatic colorectal cancer is associated 

with adoption of hepatic resection and improved chemotherapy. J Clin Oncol. 2009;27(22):3677-3683. 

3. Heinemann V, von Weikersthal LF, Decker T, 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):1065-1075. 

4. Schwartzberg LS, Rivera F, Karthaus M, et al. PEAK: A randomized, multicenter phase II study of 

panitumumab plus modified fluorouracil, leucovorin, and oxaliplatin (mFOLFOX6) or bevacizumab plus 

mFOLFOX6 in patients with previously untreated, unresectable, wild-type KRAS exon 2 metastatic 

colorectal cancer. J Clin Oncol. 2014;32(21):2240-2247. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

20 

 

5. Lenz H, Niedzwiecki D, Innocenti F, et al. CALGB/SWOG 80405: Phase III trial of FOLFIRI or mFOLFOX6 

with bevacizumab or cetuximab for patients with expanded RAS analyses in untreated metastatic 

adenocarcinoma of the colon or rectum. ESMO. 2014. 

6. Kanas GP, Taylor A, Primrose JN, et al. Survival after liver resection in metastatic colorectal cancer: 

Review and meta-analysis of prognostic factors. Clin Epidemiol. 2012;4:283-301. 

7. Haraldsdottir S, Wu C, Bloomston M, Goldberg RM. What is the optimal neo-adjuvant treatment for 

liver metastasis? Ther Adv Med Oncol. 2013;5(4):221-234. 

8. Johnston FM, Kneuertz PJ, Pawlik TM. Resection of non-hepatic colorectal cancer metastasis. J 

Gastrointest Oncol. 2012;3(1):59-68. 

9. Nordlinger B, Adam R, Arnold D, Zalcberg JR, Gruenberger T. The role of biological agents in the 

resection of colorectal liver metastases. Clin Oncol (R Coll Radiol). 2012;24(6):432-442. 

10. Prades J, Remue E, van Hoof E, Borras JM. Is it worth reorganising cancer services on the basis of 

multidisciplinary teams (MDTs)? A systematic review of the objectives and organisation of MDTs and 

their impact on patient outcomes. Health Policy. 2015;119(4):464-474. 

11. Jones RP, Vauthey JN, Adam R, et al. Effect of specialist decision-making on treatment strategies for 

colorectal liver metastases. Br J Surg. 2012;99(9):1263-1269. 

12. Neumann U, Denecke T, Pratschke J, Lang H, Bemelmans M, Becker T. Evaluation for surgical 

treatment options in metastatic colorectal cancer (mCRC) – a retrospective, central evaluation of FIRE-3. 

Ann Oncol. 2016;27(6):149-206. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

21 

 

13. Primrose J, Falk S, Finch-Jones M, et al. Systemic chemotherapy with or without cetuximab in 

patients with resectable colorectal liver metastasis: The new EPOC randomised controlled trial. Lancet 

Oncol. 2014;15(6):601-611. 

14. Hasegawa K, Oba M, Kokudo N. Cetuximab for resectable colorectal liver metastasis: New EPOC trial. 

Lancet Oncol. 2014;15(8):e305-6. 

15. Primrose JN. Cetuximab for resectable colorectal liver metastasis: New EPOC trial--author's reply. 

Lancet Oncol. 2014;15(8):e306-2045(14)70241-4. 

16. Nordlinger B, Poston GJ, Goldberg RM. Should the results of the new EPOC trial change practice in 

the management of patients with resectable metastatic colorectal cancer confined to the liver? J Clin 

Oncol. 2015;33(3):241-243. 

17. Primrose JN, Cunningham D, Garden OJ, et al. Cetuximab is contraindicated in the perioperative 

treatment of colorectal liver metastases. J Clin Oncol. 2015;33(21):2405-2406. 

18. Kohne CH. Is progression-free survival the right end point in trials of patients with clearly resectable, 

borderline resectable, and unresectable liver-limited colorectal cancer? J Clin Oncol. 2015;33(21):2406-

2407. 

19. Nordlinger BM, Poston GJ, Goldberg RM. Reply to J.N. primrose et al and C.-H. kohne. J Clin Oncol. 

2015;33(21):2408-2409. 

20. Van Cutsem E, Cervantes A, Adam R, et al. ESMO consensus guidelines for the management of 

patients with metastatic colorectal cancer. Ann Oncol. 2016;27(8):1386-1422. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

22 

 

21. Bendell JC, Zakari A, Peyton JD, et al. A phase II study of FOLFOXIRI plus panitumumab followed by 

evaluation for resection in patients with metastatic KRAS wild-type colorectal cancer with liver 

metastases only. Oncologist. 2016;21(3):279-280. 

22. Jones RP, Hamann S, Malik HZ, Fenwick SW, Poston GJ, Folprecht G. Defined criteria for resectability 

improves rates of secondary resection after systemic therapy for liver limited metastatic colorectal 

cancer. Eur J Cancer. 2014;50(9):1590-1601. 

23. Truant S, Sequier C, Leteurtre E, et al. Tumour biology of colorectal liver metastasis is a more 

important factor in survival than surgical margin clearance in the era of modern chemotherapy 

regimens. HPB (Oxford). 2015;17(2):176-184. 

24. Andreou A, Aloia TA, Brouquet A, et al. Margin status remains an important determinant of survival 

after surgical resection of colorectal liver metastases in the era of modern chemotherapy. Ann Surg. 

2013;257(6):1079-1088. 

25. Giacchetti S, Itzhaki M, Gruia G, et al. Long-term survival of patients with unresectable colorectal 

cancer liver metastases following infusional chemotherapy with 5-fluorouracil, leucovorin, oxaliplatin 

and surgery. Ann Oncol. 1999;10(6):663-669. 

26. Pozzo C, Basso M, Cassano A, et al. Neoadjuvant treatment of unresectable liver disease with 

irinotecan and 5-fluorouracil plus folinic acid in colorectal cancer patients. Ann Oncol. 2004;15(6):933-

939. 

27. Alberts SR, Horvath WL, Sternfeld WC, et al. Oxaliplatin, fluorouracil, and leucovorin for patients with 

unresectable liver-only metastases from colorectal cancer: A north central cancer treatment group 

phase II study. J Clin Oncol. 2005;23(36):9243-9249. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

23 

 

28. Takahashi T, Shibata Y, Tojima Y, et al. Multicenter phase II study of modified FOLFOX6 as 

neoadjuvant chemotherapy for patients with unresectable liver-only metastases from colorectal cancer 

in japan: ROOF study. Int J Clin Oncol. 2013;18(2):335-342. 

29. Adam R, Delvart V, Pascal G, 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 657-8. 

30. Ye LC, Liu TS, Ren L, et al. Randomized controlled trial of cetuximab plus chemotherapy for patients 

with KRAS wild-type unresectable colorectal liver-limited metastases. J Clin Oncol. 2013;31(16):1931-

1938. 

31. Xu JM, Ren Y, Wei P, Zheng LC. Effects of beyond KRAS mutations on the efficacy of cetuximab plus 

chemotherapy for patients with unresectable colorectal liver-limited metastases (BELIEF): A 

retrospective biomarker analysis from a chinese population. ESMO. 2015:abstr 2117. 

32. Folprecht G, Gruenberger T, Bechstein WO, et al. Tumour response and secondary resectability of 

colorectal liver metastases following neoadjuvant chemotherapy with cetuximab: The CELIM 

randomised phase 2 trial. Lancet Oncol. 2010;11(1):38-47. 

33. Folprecht G, Gruenberger T, Bechstein W, et al. Survival of patients with initially unresectable 

colorectal liver metastases treated with FOLFOX/cetuximab or FOLFIRI/cetuximab in a multidisciplinary 

concept (CELIM study). Ann Oncol. 2014;25(5):1018-1025. 

34. Malik H, Khan AZ, Berry DP, et al. Liver resection rate following downsizing chemotherapy with 

cetuximab in metastatic colorectal cancer: UK retrospective observational study. Eur J Surg Oncol. 

2015;41(4):499-505. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

24 

 

35. Venook AP, Niedzwiecki D, Lenz H-. CALGB/SWOG 80405: Phase III trial of irinotecan/5-

FU/leucovorin (FOLFIRI) or oxaliplatin/5-FU/leucovorin (mFOLFOX6) with bevacizumab (BV) or 

cetuximab (CET) for patients (pts) with KRAS wild-type (wt) untreated metastatic adenocarcinoma of the 

colon or rectum (MCRC). J Clin Oncol. 2014;32:5s:suppl; abstr LBA3. 

36. Azadeh P, Mortazavi N, Tahmasebi A, Hosseini Kamal F, Novin K. Cetuximab plus various 

chemotherapy regimens for patients with KRAS wild-type metastatic colorectal cancer. Chemotherapy. 

2015;61(1):51-56. 

37. Ocvirk J, Brodowicz T, Wrba F, et al. Cetuximab plus FOLFOX6 or FOLFIRI in metastatic colorectal 

cancer: CECOG trial. World J Gastroenterol. 2010;16(25):3133-3143. 

38. Cheng AL, Cornelio G, Shen L, et al. Efficacy, tolerability, and biomarker analyses of once-every-2-

weeks cetuximab plus first-line FOLFOX or FOLFIRI in patients with KRAS or all RAS wild-type metastatic 

colorectal cancer: The phase 2 APEC study. Clin Colorectal Cancer. 2016. 

39. Kohne C, Bokemeyer C, Heeger S, Sartorius P, Rougier P, Van Cutsem E. Efficacy of chemotherapy 

plus cetuximab according to metastatic site in KRAS wild-type metastatic colorectal cancer (mCRC): 

Analysis of CRYSTAL and OPUS studies. ASCO 2011. :abstr 3576. 

40. Kohne CH, Poston G, Folprecht G, et al. FOLFIRI plus cetuximab in patients with liver-limited or non-

liver-limited RAS wild-type metastatic colorectal cancer: A retrospective subgroup analysis of the 

CRYSTAL study. Eur J Surg Oncol. 2016;42(10):1540-1547. 

41. Kohne C, Folprecht G, Ciardiello F, Ronga P, Beier F, Van Cutsem E. FOLFIRI plus cetuximab in 

patients with liver-limited or non–liver-limited RAS wild-type metastatic disease: A subgroup analysis of 

the CRYSTAL study. ESMO. 2014:abst 5692. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

25 

 

42. Adam R, Aloia T, Levi F, et al. Hepatic resection after rescue cetuximab treatment for colorectal liver 

metastases previously refractory to conventional systemic therapy. J Clin Oncol. 2007;25(29):4593-4602. 

43. Maughan TS, Adams RA, Smith CG, et al. Addition of cetuximab to oxaliplatin-based first-line 

combination chemotherapy for treatment of advanced colorectal cancer: Results of the randomised 

phase 3 MRC COIN trial. Lancet. 2011;377(9783):2103-2114. 

44. Taieb J, Maughan T, Bokemeyer C, et al. Cetuximab combined with infusional 5-fluorouracil/folinic 

acid (5-FU/FA) and oxaliplatin in metastatic colorectal cancer (mCRC): A pooled analysis of COIN and 

OPUS study data. J Clin Oncol. 2012;30:suppl; abstr 3574. 

45. Smith DM, Cunha AS, Rouyer M, Noize P, Jove J, Bignon E. Surgical resection of liver metastases and 

survival outcomes in real-life for metastatic colorectal cancer (mCRC) patients treated in front-line with 

cetuximab (CTX): The EREBUS cohort. ASCO 2013. :abstr e14514. 

46. Overkamp F, Goehler T, Reich G, et al. Secondary resection in a general mCRC population with 

cetuximab-based first-line treatment: Interim analysis of the german noninterventional study ERBITAG.. 

ASCO-GI 2013. :abstr 590. 

47. Abad A, Massuit B, Gravalos C, Escudero P, Guillen C, Manzano JL. Phase II trial of panitumumab plus 

FOLFOX4 or FOLFIRI in subjects with KRAS wild-type colorectal cancer and liver-limited disease: The 

PLANET study. ASCO 2014. :abstr 3560. 

48. Douillard JY, Siena S, Cassidy J, et al. Final results from PRIME: Randomized phase 3 study of 

panitumumab with FOLFOX4 for first-line treatment of metastatic colorectal cancer. Ann Oncol. 2014. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

26 

 

49. Uetake H, Yasuno M, Ishiguro M, et al. A multicenter phase II trial of mFOLFOX6 plus bevacizumab to 

treat liver-only metastases of colorectal cancer that are unsuitable for upfront resection (TRICC0808). 

Ann Surg Oncol. 2015;22(3):908-915. 

50. Petrelli F, Borgonovo K, Cabiddu M, et al. FOLFIRI-bevacizumab as first-line chemotherapy in 3500 

patients with advanced colorectal cancer: A pooled analysis of 29 published trials. Clin Colorectal Cancer. 

2013;12(3):145-151. 

51. Okines A, Puerto OD, Cunningham D, et al. Surgery with curative-intent in patients treated with first-

line chemotherapy plus bevacizumab for metastatic colorectal cancer first BEAT and the randomised 

phase-III NO16966 trial. Br J Cancer. 2009;101(7):1033-1038. 

52. Rouyer M, Smith D, Laurent C, et al. Secondary metastases resection after bevacizumab plus 

irinotecan-based chemotherapy in first-line therapy of metastatic colorectal cancer in a real-life setting: 

Results of the ETNA cohort. Target Oncol. 2016;11(1):83-92. 

53. Tournigand C, Andre T, Achille E, et al. FOLFIRI followed by FOLFOX6 or the reverse sequence in 

advanced colorectal cancer: A randomized GERCOR study. J Clin Oncol. 2004;22(2):229-237. 

54. Basso M, Dadduzio V, Ardito F, et al. Conversion chemotherapy for technically unresectable 

colorectal liver metastases: A retrospective, STROBE-compliant, single-center study comparing 

chemotherapy alone and combination chemotherapy with cetuximab or bevacizumab. Medicine 

(Baltimore). 2016;95(20):e3722. 

55. Modest DP, Stintzing S, von Weikersthal LF, et al. Impact of subsequent therapies on outcome of the 

FIRE-3/AIO KRK0306 trial: First-line therapy with FOLFIRI plus cetuximab or bevacizumab in patients with 

KRAS wild-type tumors in metastatic colorectal cancer. J Clin Oncol. 2015;33(32):3718-3726. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

27 

 

56. Venook A, Niedzwiecki D, Blanke C, Innocenti F, Mahoney M. CALGB/SWOG 80405: Patients 

undergoing surgery as part of treatment strategy. ESMO. 2014. 

57. Folprecht G, Grothey A, Alberts S, Raab HR, Kohne CH. Neoadjuvant treatment of unresectable 

colorectal liver metastases: Correlation between tumour response and resection rates. Ann Oncol. 

2005;16(8):1311-1319. 

58. Stintzing S, Modest DP, Rossius L, 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):1426-1434. 

59. Heinemann V, Stintzing S, Modest DP, Giessen-Jung C, Michl M, Mansmann UR. Early tumour 

shrinkage (ETS) and depth of response (DpR) in the treatment of patients with metastatic colorectal 

cancer (mCRC). Eur J Cancer. 2015;51(14):1927-1936. 

60. Stintzing S, Modest DP, Fischer von Weikersthal L, Decker T. Independent radiological evaluation of 

objective response, early tumor shrinkage, and depth of response in FIRE-3 (AIO KRK-0306) in the final 

RAS evaluable population. ESMO. 2014:abstr LBA11. 

61. Gruenberger T, Bridgewater J, Chau I, et al. Bevacizumab plus mFOLFOX-6 or FOLFOXIRI in patients 

with initially unresectable liver metastases from colorectal cancer: The OLIVIA multinational randomised 

phase II trial. Ann Oncol. 2015;26(4):702-708. 

62. Loupakis F, Cremolini C, Masi G, et al. Initial therapy with FOLFOXIRI and bevacizumab for metastatic 

colorectal cancer. N Engl J Med. 2014;371(17):1609-1618. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

28 

 

63. Falcone A, Ricci S, Brunetti I, et al. Phase III trial of infusional fluorouracil, leucovorin, oxaliplatin, and 

irinotecan (FOLFOXIRI) compared with infusional fluorouracil, leucovorin, and irinotecan (FOLFIRI) as 

first-line treatment for metastatic colorectal cancer: The gruppo oncologico nord ovest. J Clin Oncol. 

2007;25(13):1670-1676. 

64. Bendell JC, Tan BR, Reeves JA, Xiong H, Somer BG. Overall response rate (ORR) in STEAM, a 

randomized, open-label, phase 2 trial of sequential and concurrent FOLFOXIRI-bevacizumab (BEV) vs 

FOLFOX-BEV for the first-line (1L) treatment (tx) of patients (pts) with metastatic colorectal cancer 

(mCRC). ASCO-GI 2016. :abstr 492. 

65. Cremolini C, Casagrande M, Loupakis F, et al. Efficacy of FOLFOXIRI plus bevacizumab in liver-limited 

metastatic colorectal cancer: A pooled analysis of clinical studies by gruppo oncologico del nord ovest. 

Eur J Cancer. 2017;73:74-84. 

66. Saridaki Z, Androulakis N, Vardakis N, et al. A triplet combination with irinotecan (CPT-11), oxaliplatin 

(LOHP), continuous infusion 5-fluorouracil and leucovorin (FOLFOXIRI) plus cetuximab as first-line 

treatment in KRAS wt, metastatic colorectal cancer: A pilot phase II trial. Br J Cancer. 2012;107(12):1932-

1937. 

67. Garufi C, Torsello A, Tumolo S, et al. Cetuximab plus chronomodulated irinotecan, 5-fluorouracil, 

leucovorin and oxaliplatin as neoadjuvant chemotherapy in colorectal liver metastases: POCHER trial. Br 

J Cancer. 2010;103(10):1542-1547. 

68. Levi FA, Boige V, Hebbar M, et al. Conversion to resection of liver metastases from colorectal cancer 

with hepatic artery infusion of combined chemotherapy and systemic cetuximab in multicenter trial 

OPTILIV. Ann Oncol. 2016;27(2):267-274. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

29 

 

69. Kemeny NE, Melendez FD, Capanu M, et al. Conversion to resectability using hepatic artery infusion 

plus systemic chemotherapy for the treatment of unresectable liver metastases from colorectal 

carcinoma. J Clin Oncol. 2009;27(21):3465-3471. 

70. Phelip JM, Mineur L, De la Fouchardiere C, et al. High resectability rate of initially unresectable 

colorectal liver metastases after UGT1A1-adapted high-dose irinotecan combined with LV5FU2 and 

cetuximab: A multicenter phase II study (ERBIFORT). Ann Surg Oncol. 2016;23(7):2161-2166. 

71. Ychou M, Rivoire M, Thezenas S, Guimbaud R, Ghiringhelli F. FOLFIRINOX combined to targeted 

therapy according RAS status for colorectal cancer patients with liver metastases initially non-

resectable: A phase II randomized Study—Prodige 14 – ACCORD 21 (METHEP-2), a unicancer GI trial. 

ASCO 2016. :abstr 3512. 

72. Ychou M, Rivoire M, Thezenas S, et al. A randomized phase II trial of three intensified chemotherapy 

regimens in first-line treatment of colorectal cancer patients with initially unresectable or not optimally 

resectable liver metastases. the METHEP trial. Ann Surg Oncol. 2013;20(13):4289-4297. 

73. Antoniotti C, Cremolini C, Loupakis F, Bergamo F, Grande R, Tonini G. Modified FOLFOXIRI 

(mFOLFOXIRI) plus cetuximab (cet), followed by cet or bevacizumab (bev) maintenance, in RAS/BRAF 

wild-type (wt) metastatic colorectal cancer (mCRC): Results of the phase II randomized MACBETH trial by 

GONO. ASCO 2016. :abstr 3543. 

74. 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. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

30 

 

75. Lee-Ying RM, Bosma N, Tang PA. Impact of primary tumor sidedness on survival after resection of 

colorectal liver metastases (CRLM). J Clin Oncol 35, 2017 (suppl 4S; abstract 694).  

76. Kizawa R, Ichikawa Y, Kumamoto F, Sawada Y. Does primary site of colorectal cancer become a 

prognostic factor of patients undergoing curative resection of liver metastases? J Clin Oncol 35, 2017 

(suppl 4S; abstract 772).  

77. Creasy JM, Sadot E, Koerkamp BG, Chou JF. Right versus left: Impact of primary location on survival 

and cure in patients undergoing hepatic resection for metastatic colon cancer. J Clin Oncol 35, 2017 

(suppl 4S; abstract 664).  

78. Cai S, Zhang W, Li W, Xu Y, Gu W, Guan Z. Cetuximab plus mFOLFOX-6 as first-line therapy for 

patients with KRAS wild-type unresectable colorectal liver-limited metastases: An open, non-

randomized, multicenter phase II clinical trial (CLIME). ESMO 2014. :abstr 598P. 

79. Ashwin K. Assessment of tumour response and resection rates in unresectable metastatic colorectal 

liver metastases following cetuximab with neoadjuvant chemotherapy. ESSO 2014. :abstr 360. 

80. Somashekhar SP, Ashwin KR, Zaveri SS, Rauthan A, Patil P. Assessment of tumor response and 

resection rates in unresectable colorectal liver metastases following neoadjuvant chemotherapy with 

cetuximab. Indian J Surg Oncol. 2016;7(1):11-17. 

81. Ji JH, Park SH, Lee J, et al. Prospective phase II study of neoadjuvant FOLFOX6 plus cetuximab in 

patients with colorectal cancer and unresectable liver-only metastasis. Cancer Chemother Pharmacol. 

2013;72(1):223-230. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

31 

 

82. Min BS, Kim NK, Ahn JB, et al. Cetuximab in combination with 5-fluorouracil, leucovorin and 

irinotecan as a neoadjuvant chemotherapy in patients with initially unresectable colorectal liver 

metastases. Onkologie. 2007;30(12):637-643. 

 83. Tomasello G, Petrelli F, Ghidini M, et al. FOLFOXIRI plus bevacizumab as conversation therapy for 

patients with initially unresectable metastatic colorectal cancer: a systematic review and pooled 

analysis. JAMA Oncol. 2017; epub ahead of print. 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

32 

 

Tables 

 

Table 1. Available clinical evidence evaluating the utility of cetuximab in combination with 

conventional chemotherapy backbones in studies that included R0 resection rate as one of the 

principal study endpoints. 

 
Study Patient Population Treatment Groups 

(relevant arms only) 

n Primary 

Endpoint 

R0 Resection Rate Reference 

BELIEF  KRAS-wt initially 

unresectable LLD 

Cetuximab + 

FOLFOX/FOLFIRI vs 

FOLFOX/FOLFIRI 

138 R0 resection 

rate 

25.7% vs 7.4% 30
 

RAS-wt initially 

unresectable LLD 

Cetuximab + 

FOLFIRI/FOLFOX vs 

FOLFIRI/FOLFOX 

93 R0 resection 

rate 

26.7% vs 6.3% 31
 

CELIM RAS-unselected initially 

unresectable LLD 

Cetuximab + FOLFOX 

vs cetuximab + 

FOLFIRI 

106 ORR 38% vs 30% 32
 

KRAS-wt initially 

unresectable LLD 

Cetuximab + 

FOLFOX/FOLFIRI 

67 ORR 32.4% 33
 

RESECT KRAS-wt initially 

unresectable LLD 

Cetuximab + CT*  60 R0 resection 

rate 

28% 34
 

CLIME KRAS-wt initially 

unresectable LLD 

Cetuximab + FOLFOX  100 R0 resection 

rate 

27% 78
 

Ashwin et al KRAS-wt initially 

unresectable LLD 

Cetuximab + 

FOLFIRI/FOLFOX vs 

FOLFIRI/FOLFOX 

152 ORR 42.1% vs 28.9% 79
 

Somashekhar et al KRAS-wt initially 

unresectable LLD 

Cetuximab + 

FOLFOX/FOLFIRI 

46 R0 resection 

rate 

60.9% 80
 

Ji et al KRAS-wt initially 

unresectable LLD 

Cetuximab + FOLFOX 73 R0 resection 

rate 

27% 81
 

Min et al RAS-unselected initially 

unresectable LLD and non-

LLD 

Cetuximab + FOLFIRI 23 R0 resection 

rate 

30.4% 82
 

 

CT, chemotherapy; FOLFIRI, infusional fluorouracil, leucovorin, and irinotecan; FOLFOX, infusional 

fluorouracil, leucovorin, and oxaliplatin; LLD, liver-limited disease; ORR, objective response rate; wt, 

wild-type. 

 

*The chemotherapy backbone was FOLFOX- or FOLFIRI-based in ≈75% of patients; other chemotherapy 

backbones included irinotecan, oxaliplatin, capecitabine + oxaliplatin, and oxaliplatin + fluorouracil. 
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Table 2. Available clinical evidence evaluating the utility of FOLFOXIRI chemotherapy backbones in 

combination with bevacizumab or cetuximab in studies that included R0 resection rate as one of the 

principal study endpoints. 

 
Study Patient Population Treatment Groups 

(relevant arms only) 

n Primary 

Endpoint 

R0 Resection Rate Reference 

OLIVIA RAS-unselected initially 

unresectable LLD 

Bevacizumab + 

FOLFOXIRI vs 

bevacizumab + 

FOLFOX 

80 Overall 

resection rate 

(R0/R1/R2) 

49% vs 23% 61
 

Saridaki et al KRAS-wt initially 

unresectable LLD and non-

LLD 

Cetuximab + 

FOLFOXIRI 

30 ORR 37% 66
 

METHEP-2 (K)RAS-wt initially 

unresectable LLD* 

Cetuximab + 

FOLFOX/FOLFIRI/ 

FOLFOXIRI vs 

bevacizumab + 

FOLFOX/FOLFIRI/ 

FOLFOXIRI  

256 R0/R1 

resection rate 

55.6% vs 44.7%** 71***
 

MACBETH RAS/BRAF-wt initially 

unresectable LLD and non-

LLD 

Cetuximab + 

FOLFOXIRI + 

maintenance 

cetuximab vs 

cetuximab + 

FOLFOXIRI + 

maintenance 

bevacizumab 

116 10-month 

progression-

free rate 

32.2% vs 22.8% 73***
 

RAS/BRAF-wt initially 

unresectable LLD 

52 53.6% vs 45.8% 

 

FOLFIRI, infusional fluorouracil, leucovorin, and irinotecan; FOLFOX, infusional fluorouracil, leucovorin, 

and oxaliplatin; FOLFOXIRI, infusional fluorouracil, leucovorin, oxaliplatin, and irinotecan; LLD, liver-

limited disease; ORR, objective response rate; wt, wild-type. 

 

* (K)RAS-wt requirement pertains only to the cetuximab-containing arm 

** Combined R0/R1 resection rate (the R0 resection rate was not reported in the poster). 

*** Data derive from congress presentations and therefore remain preliminary. 
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Figures 

Figure 1. Association between objective response rate (ORR) and resection rate in clinical trials involving 

patients with metastatic colorectal cancer, stratified on the basis of whether resection was included as a 

secondary study endpoint. 

 

Reprinted from Jones RP, et al. Eur J Cancer 2014;50:1590–1601, Copyright 2014, with permission from 

Elsevier. 

The size of each square denotes the relative number of patients included in the study. 
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