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Many different factors influence the choice of 
upfront treatment for patients with metastatic 
colorectal cancer (mCRC). In a Perspectives 
article published in the October 2015 issue 
of this journal (First-line chemotherapy for 
mCRC — a review and evidence-based algo-
rithm. Nat. Rev. Clin. Oncol. 12, 607–619; 
2015)1, we presented an algorithm to facilitate 
the translation of results from clinical trials 
into daily practice, and to provide physicians 
with a useful tool to guide their routine treat-
ment decisions. This algorithm summarized 
our evidence-based philosophy regarding the 
choice of both the ‘most-appropriate’ inten-
sity of the chemotherapy backbone and the 
‘best’ targeted agents to add to this backbone. 
Comprehensive assessment of patient charac-
teristics was placed at the top of the therapeu-
tic algorithm, emphasizing the importance of 
the patient’s general health and condition in 
determining the intensity of the treatment; the 
same approach was subsequently endorsed 
in the 2016 updated ESMO clinical practice 
guidelines for the management of mCRC2.

In the past few months, however, data 
highlighting the relevance of primary tumour 
location as both a prognostic factor and a 
predictor of benefit from treatment with 
anti-EGFR monoclonal antibodies have rap-
idly accumulated. In October 2016, results 
of a robust meta‑analysis3 confirmed previ-
ous evidence of a significantly worse patient 
prognosis associated with right-sided tumours 
(located up to the proximal two-thirds of the 
transverse colon) versus left-sided tumours 
(located within the distal third of the trans-
verse colon or beyond), independent of disease 
stage — thus demonstrating the importance of 
including primary tumour location as a strati-
fication factor in clinical trial design. With 
regard to predicting patient benefit from tar-
geted agents, although findings indicate that 
no interaction exists between ‘sidedness’ and 
the efficacy of anti‑VEGF therapy with beva-
cizumab4, the location of the primary tumour 
does seem to affect sensitivity to anti‑EGFR-
antibodies5,6. In this respect, subgroup 
analyses of six international, randomized, con-
trolled trials in large cohorts of patients with  

RAS-wild-type mCRC were also reported in 
October 2016 (REFS 7–9), and the results showed 
clear differences in the efficacy of anti‑EGFR 
therapy in patients with left-sided and right-
sided primary tumours (Supplementary 
information S1 (table)). Overall, the addition 
of anti-EGFR antibodies to a chemotherapy 
doublet is associated with a significant over-
all survival benefit for patients with left-sided 
tumours (hazard ratio (HR) 0.69, 95% confi-
dence interval (CI) 0.58–0.83), which is essen-
tially absent in those with right-sided tumours 
(HR 0.96, 95% CI 0.68–1.35; Pinteraction = 0.10)10. 
Consistent results were reported when com-
paring the addition of anti-EGFR antibodies 
versus bevacizumab to doublet chemother-
apy according to tumour sidedness: a clear 
overall survival benefit from the combina-
tion with anti-EGFR antibodies was evi-
dent for patients with left-sided tumours 
(HR 0.71, 95% CI 0.58–0.85), whereas dou-
blet chemotherapy plus bevacizumab seems 
to provide better results in those with right-
sided tumours (HR 1.30, 95% CI 0.97–1.74;  
Pinteraction <0.001)10.

The intrinsic methodological limitations 
of post-hoc subgroup analyses must be recog-
nized, but the high intrastudy and interstudy 
consistency of these results cannot be dis-
regarded, nor can the strong biological and 
molecular rationale underlying the reported 
findings. In fact, characteristics related to 
EGFR-dependency are more frequent in left-
sided than in right-sided primary tumours, 
including EGFR-copy-number gain, high 
levels of the endogenous EGFR ligands AREG 
and/or EREG, and/or a ‘canonical’ phenotype 
according to the new classification of molecu-
lar CRC subtypes (CMS2)11,12. By contrast, 
molecular alterations potentially responsible 
for resistance to anti‑EGFR therapy, such 
as BRAFV600E and/or PIK3CA mutation, low 
levels of AREG and EREG, and the ‘BRAF-
like’, CpG‑island methylator, or ‘microsatel-
lite instability immune’ (CMS1) phenotypes, 
are clearly more highly represented in right-
sided tumours11,13,14. Interestingly, however, 
consistent findings have been observed when 
limiting the analysis to patients with RAS and 

BRAF (RAS/BRAF)-wild-type tumours8, sug-
gesting that molecular alterations other than 
BRAFV600E mutation account for the poor prog-
nosis and resistance to anti-EGFR therapy that 
is associated with right-sided tumours.

On the basis of this new evidence, in our 
opinion, primary tumour location should 
be included together with other factors 
weighing on the choice of first-line treat-
ment for a patient with newly diagnosed 
mCRC, as emphasized in the latest National 
Comprehensive Cancer Network (NCCN) 
clinical guidelines15. Considering this rap-
idly evolving scenario, we propose a revised 
version of our treatment algorithm that 
includes primary tumour location in the  
decision-making process (FIG. 1).

As we described previously1, evaluation of 
a patient’s suitability for a combination chemo-
therapy based on clinical assessment remains 
crucial to choosing the intensity of the upfront 
treatment. For patients who are not deemed 
to be appropriate candidates for combination 
regimens, fluoropyrimidine monochemother-
apy plus bevacizumab should be the preferred 
treatment approach. In patients deemed fit 
for combination chemotherapy, doublet regi-
mens (FOLFOX, XELOX, or FOLFIRI) and 
the FOLFOXIRI triplet can be feasible options.

Patients who are eligible for triplet chemo-
therapy — preferentially, those who have not 
previously received oxaliplatin-containing 
adjuvant therapy  —  can be treated with 
FOLFOXIRI plus bevacizumab, irrespective of 
their mutational status: in the presence of RAS 
or BRAF mutations, FOLFOXIRI plus beva-
cizumab remains a preferred option; in the 
RAS/BRAF‑wild‑type setting, no randomized 
comparison between doublet chemotherapy 
plus an anti-EGFR antibody and triplet chem-
otherapy plus bevacizumab is available, and 
this decision is mainly driven by the different 
toxicity profiles and the individual patient’s 
preference. At present, we believe that the 
location of a primary RAS/BRAF‑wild‑type 
tumour can help guide this choice (FIG. 1). 
Specifically, both the intrinsic poor progno-
sis and the lack of benefit from anti-EGFR 
therapy for patients with right‑sided tumours 
encourage intensive treatment with triplet 
chemotherapy plus bevacizumab, whereas 
a doublet regimen plus an anti-EGFR anti-
body might be the preferred choice in 
patients with left-sided tumours (although 
FOLFOXIRI plus bevacizumab is still an  
evidence-based option).

When a doublet is the preferred chemo-
therapy backbone, its combination with beva-
cizumab is the sole option for patients with 
RAS-mutant disease, and is the preferred 
option for those with BRAF-mutant disease. 
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Another important choice is available, how-
ever, to those with RAS/BRAF‑wild-type 
tumours. To this end, primary tumour loca-
tion becomes crucial: independently of the 
goal of the treatment, the addition of bevaci-
zumab should be preferred for patients with 
right-sided tumours, and the use of an anti-
EGFR antibody seems highly recommendable 
for those with left-sided tumours (FIG. 1).

In conclusion, on the basis of the cur-
rent evidence, consideration of the primary 
tumour location can help in tailoring the 
choice of frontline treatment for patients with 
mCRC and, particularly, in selecting the best 
candidates to receive an anti-EGFR-antibody-
based regimen. Nevertheless, identifying the 
pattern of molecular alterations responsible for 
resistance or sensitivity to the available treat-
ments is the real challenge for translational 
research, and will be a crucial step towards 

understanding why a few patients with right-
sided tumours derive benefit from anti-EGFR 
therapy, while some with left-sided tumours 
do not. For example, although HER2 is emerg-
ing as a clinically relevant target in mCRC, 
HER2‑amplified tumours do not seem to 
respond to anti‑EGFR antibodies and are more 
frequently left-sided; thus, incorporating anal-
ysis of this target in the laboratory work‑up 
of every patient with RAS/BRAF-wild-type 
mCRC will be of utmost importance.
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Figure caption | Updated algorithm for personalized allocation of first-line treatments in patients 
with mCRC. We propose this updated version of the algorithm originally presented in our 2015 
Perspectives article in this journal1, in order to reflect the importance of the primary tumour loca-
tion — or ‘sidedness’ — to treatment decision-making. 
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