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Background: FIRE-3 compared first-line therapy with FOLFIRI plus either cetuximab or bevacizumab in 592 KRAS exon
2 wild-type metastatic colorectal cancer (mCRC) patients. The consensus molecular subgroups (CMS) are grouping CRC
samples according to their gene-signature in four different subtypes. Relevance of CMS for the treatment of mCRC has yet to
be defined.

Patients and Methods: In this exploratory analysis, patients were grouped according to the previously published tumor CRC-
CMSs. Objective response rates (ORR) were compared using chi-square test. Overall survival (OS) and progression-free survival
(PFS) times were compared using Kaplan–Meier estimation, log-rank tests. Hazard ratios (HR) were estimated according to the
Cox proportional hazard method.

Results: CMS classification could be determined in 438 out of 514 specimens available from the intent-to-treat (ITT) population
(n¼ 592). Frequencies for the remaining 438 samples were as follows: CMS1 (14%), CMS2 (37%), CMS3 (15%), CMS4 (34%). For
the 315 RAS wild-type tumors, frequencies were as follows: CMS1 (12%), CMS2 (41%), CMS3 (11%), CMS4 (34%). CMS distribution
in right- versus (vs) left-sided primary tumors was as follows: CMS1 (27% versus 11%), CMS2 (28% versus 45%), CMS3 (10% versus
12%), CMS4 (35% versus 32%). Independent of the treatment, CMS was a strong prognostic factor for ORR (P¼ 0.051), PFS
(P< 0.001), and OS (P< 0.001). Within the RAS wild-type population, OS observed in CMS4 significantly favored FOLFIRI
cetuximab over FOLFIRI bevacizumab. In CMS3, OS showed a trend in favor of the cetuximab arm, while OS was comparable in
CMS1 and CMS2, independent of targeted therapy.

Conclusions: CMS classification is prognostic for mCRC. Prolonged OS induced by FOLFIRI plus cetuximab versus FOLFIRI plus
bevacizumab in the FIRE-3 study appears to be driven by CMS3 and CMS4. CMS classification provides deeper insights into the
biology to CRC, but at present time has no direct impact on clinical decision-making.
The FIRE-3 (AIO KRK-0306) study had been registered at ClinicalTrials.gov: NCT00433927.
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Introduction

The personalized approach to treat metastatic colorectal cancer

(mCRC) as recommended by national (NCCN, German S3-

guideline) and international (ESMO/ESMOASIA) [1–4] guide-

lines is limited to the mutational analyses of RAS (rat sarcoma

oncogene) and B-ras associated factor and the analysis of micro-

satellite (MSI) status.

Consensus molecular subgroups (CMS) based on gene-

expression analysis have gained attention since being published

by Guinney et al. [5]. Using gene-expression data from six differ-

ent cohorts, four different types of colorectal cancer have been

defined. CMS1 defined by an upregulation of immune genes is

highly associated with microsatellite instability (MSI-h) [6].

CMS2 reflects the canonical pathway of carcinogenesis as defined

by the adenoma-carcinoma sequence. Genetically chromosomal

instable tumors are associated with mutations in APC, p53, and

RAS. Overall, CMS2 represents an over-activated epithelial

growth factor pathway with higher expression of the epidermal

growth factor receptor (EGFR) and the EGFR-ligands amphire-

gulin and epiregulin as far as human epidermal growth factor re-

ceptor 2 overexpression. CMS3 is defined by metabolic

dysregulation with higher activity in glutaminolysis and lipido-

genesis [7]. Finally, CMS4 is defined by an activated tissue growth

factor (TGF)-b pathway and by epithelial–mesenchymal transi-

tion (EMT) making it in general more chemo-resistant.

Previous data have been derived for the most from the Union

International Contre le Cancer (UICC) stage II and III samples

and showed a strong prognostic effect of the four CMS subgroups

for both, disease-free survival and overall survival (OS) [5]. The

prognostic relevance of CMS in UICC stage IV disease has

remained uncertain, as well as its possible predictive effect for the

use of EGFR antibodies or vascular endothelial growth factor-A

(VEGF-A) antibodies.

The aims of these retrospective, exploratory analyses were as

follows: (i) Can the prognostic value of the CMS classification be

validated in the metastatic setting of CRC? (ii) Is there a predict-

ive value for the use of the CMS classification for either bevacizu-

mab or cetuximab in the treatment of mCRC? (iii) Do RASmt

tumors show a different pattern of CMS distribution when com-

pared with RASwt tumors? (iv) Are there differences in right- ver-

sus left-sided tumors with regard to data on CMS classification?

Methods

Patients

Details of the first-line irinotecan (FIRE)-3 study have been published
elsewhere [7, 8]. In short, the FIRE-3 study was an open-label random-
ized phase III study conducted in Germany and Austria testing first-line
efficacy of 5-flurouracil, leucovorin, irinotecan (FOLFIRI) plus either
cetuximab or bevacizumab in 592 KRAS exon 2 wild-type patients.
Primary end point was investigator assessed tumor response rate meas-
ured as best overall response rate (ORR) according to RECIST 1.0 criteria
[9]. Progression-free survival (PFS) and OS were measured as time-to-
event variables from randomization to progression or death (PFS) or
death (OS), respectively, using the Kaplan–Meier method to estimate the
medians. Patients were censored at the last time of follow up if neither
progression nor death had occurred. Per-protocol patients had to be fol-
lowed up every 3 months after end-of-study treatment.

From 2009 on, only patients with KRAS exon 2 wild-type tumors
entered the trial. Before that, 336 patients had been randomized without
knowledge of their RAS status. Extended KRAS/NRAS mutational ana-
lysis was carried out at the Institute of Pathology of the Ludwig-
Maximilians-University (LMU), Munich, as described elsewhere [7].
Using formalin-fixed paraffin-embedded (FFPE) samples of primary
tumor tissue gene-expression was analyzed using ALMAC’s XcelTM gene-
expression array at ALMACs own laboratories. CMS groups were deter-
mined using the SSP classifiers published in the CMS classifier R package
[5]. The CMS calling was done in blinded fashion by a separate institu-
tion (Swiss Institute of Bioinformatics), which had no access to the clinic-
al data. Tumor samples were tested for MSI-h using the
FoundationOneTM (Foundation Medicine, Inc., MA, USA) panel.
Sequencing was carried out at FMI Germany GmbH (Penzberg,
Germany). All analyses were approved by the ethics committee of the
Ludwig-Maximilians-University, Munich (#186-15).

Methods statistics

Statistical evaluation was carried out by ClinAssess GmbH using SAS
VR

(SAS Institute, NC, USA) version 9.4. Efficacy data such as ORR were
compared between groups using a two-sided Fisher’s exact test or a chi-
square test, where appropriate. Time-to-event data were compared using
Kaplan–Meier estimation and log-rank tests, while hazard ratios (HRs)
were estimated using a Cox proportional hazard regression model.

Results

Details of the different subgroups of RASwt and RASmt popula-

tions are shown in the CONSORT diagram (supplementary

Figure S1, available at Annals of Oncology online). In short, 400

patients with a RASwt tumor were included into the analyses. Of

those, 315 patients had tumor specimens with measureable gene

expression data. For the RASmt population, gene expression

could be determined in 123 tumor samples. For allocation to the

different CMS cohorts for the different patient cohorts see

Table 1. Baseline characteristics for the RASwt population are dis-

played in Table 2 (RASmt supplementary Table S1, available at

Annals of Oncology online ).

Most of the baseline characteristics were distributed equally

among the four CMS groups. The pattern of CMS distribution

was different between RASwt (n¼ 315) and RASmt tumors

(n¼ 123). While there were comparable frequencies of CMS1

(15% versus 12%) and CMS4 (33% versus 37%), noticeable dif-

ferences were observed with regard to CMS2 (41% versus 28%)

and CMS3 (11% versus 24%). Using a univariate logistic regres-

sion model, CMS2 (P¼ 0.009) and CMS3 (P¼ 0.002) were sig-

nificantly associated with RASwt and RASmt status, respectively.

This remained significant for the association of RAS mutation

and CMS3 (P¼ 0.046) using a multivariate model (supplemen-

tary Table S2, available at Annals of Oncology online).

As expected, sidedness of primary tumors is reflected by

specific patterns of CMS distribution. Right-sided RASwt

tumors showed a higher prevalence of CMS1 (27% versus

11%) and a lower prevalence of CMS2 (28% versus 45%) than

left-sided RASwt tumors (Table 1). This also led to the obser-

vation that only a very low prevalence of CMS1 (20%) was

observed in rectal cancer (Table 2). Using a multivariate logis-

tic regression analysis for the baseline characteristics, RAS mu-

tation was associated with right-sided tumors (P¼ 0.01) and
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rectum tumors (supplementary Table S3, available at Annals of

Oncology online).

However, comparable frequencies between right- and left-

sided tumors were documented for CMS3 (10% versus 12%)

and CMS4 (35% versus 32%). In RASmt tumors, by contrast,

sidedness had no impact on CMS frequencies (Table 1).

Within the study population of analyzable patients, CMS clas-

sification had a significant prognostic value between all groups

(P values for both, PFS and OS <0.001). Longest median OS was

observed in CMS2 [OS 29.0 months (95% confidence interval

[CI] 26.7–31.4 months)], followed by CMS4 [OS 24.8 months

(95% CI 22.6–27.1 months)], CMS3 [18.6 months (95% CI 15.4–

21.7 months)], and CMS1 [15.9 months (95% CI 11.0–

20.8 months)]. PFS followed this ranking (supplementary Table

S4, available at Annals of Oncology online).

Within the RASwt population, CMS subtypes were associated

with significantly different ORRs (chi-square P¼ 0.027). When

both treatment arms were analyzed together, the highest ORR

was observed in CMS2 (ORR 78%), the lowest in CMS1 (ORR

55%). Across all CMS subtypes, ORR was numerically greater in

the cetuximab arm. However, levels of statistical significance

were reached only in CMS2 and CMS4 (Table 3). Interaction test

P-value, using logistic regression was 0.09 for the univariate and

0.91 for the multivariate model within the RASwt population.

Table 1. Distribution of CMS cohorts among different patient populations

Population CMS1 CMS2 CMS3 CMS4

CMS population (n ¼ 438), n (%) 61 (14) 164 (37) 65 (15) 148 (34)
Right-sided tumors (n ¼ 111), n (%) 24 (22) 31 (28) 16 (14) 40 (36)
Left-sided tumors (n ¼ 327), n (%) 37 (11) 133 (41) 49 (15) 108 (33)

RAS wild-type (n ¼ 315), n (%) 46 (15) 130 (41) 36 (11) 103 (3)
RAS wild-type right-sided tumors (n ¼ 71), n (%) 19 (27) 20 (28) 7 (10) 25 (35)
RAS wild-type left-sided tumors (n ¼ 244), n (%) 27 (11) 110 (45) 29 (12) 78 (32)

RAS mutant (n ¼ 123), n (%) 15 (12) 34 (28) 29 (24) 45 (37)
RAS mutant right-sided tumors (n ¼ 40), n (%) 5 (12) 11 (28) 7 (22) 15 (37)
RAS mutant left-sided tumors (n¼83), n (%) 10 (12) 23 (28) 20 (24) 30 (36)

CMS, consensus molecular subgroup; RAS, rat sarcoma oncogene.

Table 2. Baseline characteristics

Characteristic RASwt population RASwt CMS population CMS1 CMS2 CMS3 CMS4
N 5 400 N 5 315 N 5 46 N 5 130 N 5 36 N 5 103

Sex, male, % 69.9 69.2 60.9 71.7 80.6 66.0
Age, median, years 64 64 59 64 66 65
Site of primary tumor, %

Colon 61.3 62.9 76.1 66.2 58.3 54.4
Rectum 34.8 32.7 19.6 30.8 33.3 40.8
Colon þ rectum 3.8 4.4 4.3 3.1 8.3 4.9

Liver metastasis only, yes, % 33.2 34.9 37.0 40.9 22.2 32.0
Primary tumor location, %

Right-sided 22.8 22.5 41.3 15.4 19.4 24.3
Left-sided 77.2 77.5 58.7 84.6 80.6 75.7

Primary resected, yes, % 85.3 88.6 95.7 89.8 66.7 94.2
Adjuvant chemotherapy, yes, % 19.0 17.5 10.9 16.2 16.7 23.3
ECOG, %

0 53.4 52.2 45.7 56.7 52.8 49.5
1 45.1 46.5 54.3 41.7 47.2 48.5
2 1.5 1.3 – 1.6 – 1.9

Synchronous, %
Synchronous 75.7 77.5 87.0 77.7 83.3 70.9
Metachronous 24.1 22.2 10.9 22.3 16.7 29.1
Unknown 0.3 0.3 2.2

CMS, consensus molecular subgroup; RASwt, rat sarcoma wild-type; ECOG, eastern cooperative oncology group performance status.

Original article Annals of Oncology

1798 | Stintzing et al. Volume 30 | Issue 11 | 2019

https://academic.oup.com/annonc/article-lookup/doi/10.1093/annonc/mdz387#supplementary-data
https://academic.oup.com/annonc/article-lookup/doi/10.1093/annonc/mdz387#supplementary-data
https://academic.oup.com/annonc/article-lookup/doi/10.1093/annonc/mdz387#supplementary-data


Figure 1 indicates that CMS was associated with differential

outcome in patients with RASwt tumors with regard to PFS

(P¼ 0.008) and OS (P< 0.001). The value of CMS with regard to

targeted therapy was limited. In RASwt tumors, median OS was

numerically longer in all CMS subtypes when treated with cetuxi-

mab compared with bevacizumab. This effect reached, however,

Table 3. Response rates (ORR) according to CMS

RASwt CMS1 P* CMS2 P* CMS3 P* CMS4 P* Chi-square P CMS 1–4 P* CMS 1–4
left-sided

P* CMS 1–4
right-sided

P*

(n¼ 315)
FOLFIRI Cet 61% 0.54 88% 0.043 74% 0.13 76% 0.049 67% 0.049 71% 0.06 52% 0.81
FOLFIRI Bev 50% 71% 42% 55% 56% 58% 47%
Both arms 55% 78% 61% 66% 0.027 61% 65% 49%

(n ¼ 123)
FOLFIRI Cet 40% 0.58 58% 0.46 50% 0.70 40% 0.054 39% 0.28 40% 0.38 40% 0.75
FOLFIRI Bev 67% 39% 39% 74% 50% 51% 47%
Both arms 57% 47% 44% 56% 0.71 45% 46% 44%

(n ¼ 438)
FOLFIRI Cet 54% 0.59 81% 0.03 66% 0.11 63% 0.73 59% 0.29 63% 0.26 47% >0.99
FOLFIRI Bev 55% 64% 42% 60% 54% 57% 47%
Both arms 55% 71% 55% 62% 0.051 57% 60% 47%

CMS, consensus molecular subgroup; P*, two-sided Fisher’s exact test P; Cet, cetuximab; Bev, bevacizumab; RASwt, RAS wild-type.
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Figure 1. Survival times according to consensus molecular subgroup (CMS). (A) Progression-free survival (PFS) in rat sarcoma oncogene
(RAS) wild-type cases according to CMS. (B) Overall survival (OS) in RAS wild-type cases according to CMS. (C) PFS in rat sarcoma oncogene
(RAS) mutant cases according to CMS. (D) Overall survival (OS) in RAS mutant cases according to CMS. n ¼ events occurred; N ¼ number of
patients; 95% CI ¼ 95% confidence interval.
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statistical significance only in CMS4 with regard to PFS (HR 0.67,

P¼ 0.048) and OS (HR 0.57, P¼ 0.008) (Figure 2). Interaction P

value for PFS within the RASwt population was 0.07 using a uni-

variate COX regression model and 0.18 for the multivariate

model.

For median survival times in RASmt within the different treat-

ment groups, see supplementary Table S5, available at Annals of

Oncology online. Again, interaction test was negative within the

RASwt population reaching 0.05 for the univariate COX regres-

sion model and 0.13 for the multivariate model.

Figure 3 evaluates the predictive value of CMS with regard to

the efficacy of bevacizumab or cetuximab in left- versus right-

sided tumors. In left-sided RASwt tumors, cetuximab induced

longer OS in CMS3 and CMS4, whereas comparable results for

cetuximab and bevacizumab were observed in CMS1 and CMS2.

Data on RASmt cases were calculated (supplementary Figure

S2, available at Annals of Oncology online) but due to the small

number of patients within the respective CMS subgroups, no

conclusive results were obtained.

When comparing the predictive values for CMS, RAS status,

treatment arm, and primary tumor location using multivariate

logistic or COX regression tests, respectively, for ORR side of

the primary (P¼ 0.047) and RAS status (P¼ 0.005) showed

significant values. For PFS, only side of the primary was a sig-

nificant predictor with a P value of 0.0009. RAS status, treat-

ment arm, and primary tumor location were significant

predictors of OS with P values of 0.039, 0.049, and <0.0001

respectively.

MSI-h was a rare event (n¼ 10). The majority of MSI-h cases

were CMS1 (8/10), but there was also one CMS3 and CMS4 case

each. MSI-h was associated with a shorter median OS versus MSS

(18.7 months versus 24.0 months; P¼ 0.10) and PFS (5.0 versus

10.0 months; P¼ 0.18), but did not reach the level of statistical

significance (data not shown). As numbers were small, the pre-

dictive value of MSI-h status was not assessed.

Discussion

Since its first publication, CMS in CRC has triggered multiple

analyses. The question remains whether CMS is meaningful in

classification of mCRC cases with respect to clinical decisions.

The present evaluation therefore set out to evaluate a larger co-

hort of UICC stage IV mCRC patients treated with either EGFR-
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Figure 2. Forrest plots: predictive value of consensus molecular subgroup (CMS) with respect to either bevacizumab or cetuximab. (A) Rat
sarcoma oncogene (RAS) wild-type cases. (B) RAS mutant cases. PFS, progression-free survival; OS, overall survival, HR, hazard ratio; 95% CI,
95% confidence interval; P ¼ cox proportional test P.
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or VEGF-A antibodies. CMS-related data presented in this post

hoc investigation are exploratory in nature and need to be inter-

preted accordingly. This specifically also relates to the evaluation

of small sample sizes in some subgroups.

Using material from UICC stage IV patients, the frequencies of

the single CMS subtypes were comparable to what has been

described before [5]. This observation may suggest that all CMS

cohorts have a similar ability to progress from UICC stage II/III

to the metastatic stage IV. However, analyses of the National

Surgical Adjuvant Breast and Bowel Project-C07, Pan-European

Trials in Alimentary traCt Cancer (PETACC)-3, and PETACC-8

trials demonstrate that not all tumors have the same risk of dis-

ease recurrence [10–12]. For patients in the adjuvant setting,

CMS4 had a higher risk of disease recurrence [11]. Those differ-

ences may be attributed to the relatively small number of patients

in FIRE-3 when compared with the number of adjuvant trials.

Furthermore, the material from which CMS classification has

been revealed in this investigation was predominantly derived

from primary tumors. This and the selection toward KRAS exon-

2- or extended RAS wild-type cases are limitations to our

analyses.

Within the FIRE-3 study, the prognostic value of the different

CMS subtypes could be confirmed. For both, RASwt (P< 0.001)

and RASmt (P¼ 0.025) tumors, CMS was able to significantly

predict survival with CMS1 being the subgroup with worst sur-

vival and CMS2 for RASwt and CMS4 for RASmt tumors defining

the respective cohorts with the longest survival. This is in line not

only with the prognostic relevance of CMS reported before [5]

but also with data from the adjuvant PETACC8 study as well as

the palliative CALGB80405 study, both presented at ASCO an-

nual meeting in 2017 [11, 13]. While FIRE-3 is the only study

with FOLFIRI as the predefined chemotherapeutic backbone,

there seems to be no significant [14] difference in the prognostic

effect of CMS with regard to FOLFOX or FOLFIRI treatment

[14]. This raises the question whether the CMS classification may

be used to predict efficacy of either the EGFR antibody cetuximab

or the VEGF-A antibody bevacizumab, both in combination with

FOLFIRI. As ORR was the primary end point of the FIRE-3 study

and ORR is tightly connected to efficacy, CMS2 and CMS4 were

able to predict ORR to FOLFIRI plus cetuximab in comparison

to FOLFIRI plus bevacizumab (P¼ 0.043 and 0.049, respective-

ly). For CMS4, this improved tumor response also translated into
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Figure 3. Forrest plots: predictive value of consensus molecular subgroup (CMS) with respect to either bevacizumab or cetuximab in left-
and right-sided rat sarcoma oncogene (RAS) wild-type tumors. (A) (A) Rat sarcoma oncogene (RAS) wild-type right-sided cases. (B) RAS wild-
type left-sided cases. PFS, progression-free survival; OS, overall survival; HR, hazard ratio; 95% CI, 95% confidence interval; P, cox proportional
test P.
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significantly longer survival times for cetuximab compared with

bevacizumab with regard to PFS (HR 0.67, P¼ 0.048) and OS

(HR 0.57, P¼ 0.008) in RASwt tumors. In CMS3, we observed a

strong trend toward longer survival in the cetuximab arm in

RASwt (HR 0.57; P¼ 0.15). It is of interest to note that in the

CALGB 80405 study, where 73% of patients had been treated

with a 5-fluorouracil-/oxaliplatin-based chemotherapy, only

CMS2, but not CMS3 or CMS4 were predictive for the benefit

from cetuximab [13]. Reason for this difference may be the use of

oxaliplatin rather than irinotecan. As described before, the bene-

fit from oxaliplatin seems to be more pronounced in CMS2 than

in CMS1, CMS3, and CMS4 [10]. In a hypothesis-generating

paper, it was suggested that the differences observed between

CALGB80405 and FIRE-3 may be attributed to the trial-specific

sequence of chemotherapy plus targeted therapy [15]. Most of

the differences between both studies are probably due to the ob-

servation that oxaliplatin is inducing EMT, which may cause

fibroblast enrichment decreasing the efficacy of second-line anti-

EGFR treatment. Similar effects have also been shown by the

UNICANCER PRODIGE18 study, where continuation of bevaci-

zumab beyond progression was associated with a trend toward

longer OS when compared with cetuximab in second-line [16].

Another obvious difference to the data presented by the

CALGB80405 group was observed with regard to CMS1 and MSI

tumors. In CALGB80405, treatment results obtained in CMS1

were significantly in favor of the bevacizumab arm, while

cetuximab-treated patients had a markedly worse outcome [13].

This association of CMS1 and poor efficacy of cetuximab has also

been observed in the adjuvant PETACC8 trial, where CMS1

patients treated with FOLFOX plus cetuximab had a shorter

disease-free survival compared with FOLFOX alone [11]. This

observation supports the hypothesis that in CMS1-patients a det-

rimental effect is induced when oxaliplatin-based therapy is com-

bined with cetuximab. One explanation may be that in fibroblast-

rich CMS1, subgroup cetuximab activity is antagonized by inter-

leukin-16A and TGF-b, both factors notably released by

oxaliplatin-treated fibroblasts [5, 17].

Looking into the subgroup of left-sided RASwt tumors, which

should be treated with an anti-EGFR agent in first-line treatment

according to international guidelines [4], the OS benefit induced

by cetuximab is mainly derived from CMS3 and CMS4. The large

group of CMS2 cases (45% of left-sided RAS wild-type tumors)

had no predictive value for the use of FOLFIRI plus either cetuxi-

mab or bevacizumab.

For ORR in RASwt tumors, CMS2 and CMS4 were significant-

ly in favor of the use of FOLFIRI plus cetuximab (P¼ 0.043 and

0.049, respectively). Interestingly, in RASmt CMS4, ORR was in

favor of the bevacizumab arm (P¼ 0.054) pointing out the im-

portance of RAS mutations for CMS4. CMS4 is characterized by

an extensive angiogenic pathway activation [5]. While in RASwt

tumors, cetuximab seems to be the better antiangiogenic agent

than bevacizumab, the reverse was observed in RASmt tumors.

Conclusion

In summary, CMS classification within the FIRE-3 trial could be

confirmed to be of significant prognostic value. It was also pre-

dictive for outcome in CMS4, favoring FOLFIRI plus cetuximab

in RASwt tumors. Although a significantly higher ORR was seen

in CMS2 for FOLFIRI plus cetuximab, this did not translate into

a difference in PFS or OS when compared with the bevacizumab

arm. However, from a clinical standpoint, CMS appear not to be

of superior value with regard to the selection of patients optimally

treated with either anti-EGFR or anti-VEGF agents. Taken to-

gether, CMS classification provides deeper insights into the biol-

ogy to CRC, but at the present time has no impact on clinical

decision making.
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