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Background: Refining the selection of metastatic colorectal cancer patients candidates for anti-epidermal growth factor
receptor (EGFR) monoclonal antibodies beyond RAS and BRAF testing is a challenge of precision oncology. Several uncommon
genomic mechanisms of primary resistance, leading to activation of tyrosine kinase receptors other than EGFR or downstream
signalling pathways, have been suggested by preclinical and retrospective studies.

Patients and methods: We conducted this multicentre, prospective, case–control study to demonstrate the negative predictive
impact of a panel of rare genomic alterations [PRESSING (PRimary rESiStance IN RAS and BRAF wild-type metastatic colorectal
cancer patients treated with anti-eGfr monoclonal antibodies) panel], including HER2/MET amplifications, ALK/ROS1/NTRK1-3/RET
fusions and PIK3CA mutations. Hypothesizing a prevalence of candidate alterations of 15% and 0% in resistant and sensitive RAS
and BRAF wild-type patients, respectively, with two-sided a and b errors of 0.05 and 0.20, 47 patients per group were needed.

Results: Forty-seven patients per group were included. PRESSING panel alterations were significantly more frequent in resistant
(24 out of 47, 51.1%) than in sensitive (1 out of 47, 2.1%) patients (P< 0.001) and in right- (12 out of 29, 41.4%) than left-sided (13
out of 65, 20.0%) tumours (P¼ 0.03). The predictive accuracy of PRESSING panel and sidedness was 75.3% and 70.2%,
respectively. Among hyper-selected patients, right-sidedness was still associated with resistance (P¼ 0.002). The predictive
accuracy of the combined evaluation of PRESSING panel and sidedness was 80.4%. As a secondary analysis, 8 (17.0%) resistant
and 0 sensitive patients showed microsatellite instability (P< 0.001).

Conclusion: The investigated panel of genomic alterations allows refining the selection of RAS and BRAF wild-type metastatic
colorectal cancer patients candidates for anti-EGFRs, partially explaining and further corroborating the predictive ability of
primary tumour sidedness.
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Introduction

RAS and BRAF testing provides the only available biomarkers to

molecularly select metastatic colorectal cancer (mCRC) patients

to receive the anti-EGFRs cetuximab and panitumumab in clin-

ical practice [1, 2]. Also excluding patients bearing RAS or BRAF

V600E mutations, primary resistance still represents a relevant

issue [3, 4].

To elucidate the molecular bases underlying this clinical scenario,

genomic and non-genomic mechanisms have been investigated.

Constitutive activation of tyrosine kinase receptors other than EGFR

VC The Author 2017. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
All rights reserved. For Permissions, please email: journals.permissions@oup.com.

Annals of Oncology 28: 3009–3014, 2017
doi:10.1093/annonc/mdx546
Published online 25 September 2017

https://academic.oup.com/


through uncommon genomic events (HER2 amplification and mu-

tations, MET amplification, NTRK/ROS/ALK/RET rearrangements)

negatively affects the susceptibility to EGFR inhibition in preclinical

models [5–9]. Recent studies confirm these findings [6, 10–13] and

support the clinical value of such resistance mechanisms as action-

able drivers and predictors of benefit from alternative targeted strat-

egies [11, 14–16]. Noteworthy, these events are ‘flags’ of oncogene

addiction, and even if their frequency is low in all comers (4% for

HER2 alterations; around 1% for MET amplification or gene fu-

sions), they are enriched in RAS and BRAF wild-type tumours.

Up today the translation of these biomarkers into clinical prac-

tice has been halted by the lack of a formal demonstration of their

predictive impact. At the same time, their low prevalence makes

unrealistic prospective validation studies or post-hoc analyses of

randomized trials. However, refining the negative selection of

candidates for anti-EGFRs would be important not only to spare

a costly and potentially toxic therapy to resistant patients but also

to identify promising therapeutic targets, whose blockade might

be a more effective strategy.

Oncogenic events inducing deregulation of the PI3K/PTEN/

AKT axis were associated with resistance to anti-EGFRs in retro-

spective series, and even if their rationale seems biologically

sounded, such analyses were biased by the inappropriate molecu-

lar selection. Among PIK3CA mutations, stronger evidence was

provided with regard to those affecting exon 20, but their role has

never been fully assessed [17–20].

Drawing from these considerations, we designed the present

case–control study [PRESSING (PRimary rESiStance IN RAS

and BRAF wild-type metastatic colorectal cancer patients treated

with anti-eGfr monoclonal antibodies)], with the primary object-

ive to demonstrate the negative predictive role of a panel of can-

didate genomic alterations (PRESSING panel) in RAS and BRAF

wild-type mCRC patients treated with anti-EGFRs and to esti-

mate the role of negative hyper-selection beyond RAS and BRAF

in maximizing the efficacy of anti-EGFRs.

As secondary objective, since primary tumour location was

identified as a clinical surrogate of a complex landscape of mo-

lecular predictors of resistance or sensitivity to EGFR blockade

[21], we investigated whether this effect was still evident follow-

ing genomic hyper-selection. Finally, we explored whether

microsatellite instability was associated with resistance to anti-

EGFRs, since MSI-high tumours are typically hypermutated and

rely on multiple mechanisms for their growth [22].

Patients and methods

Study population

Consecutive patients with RAS and BRAF wild-type mCRC treated with
anti-EGFR-containing regimens at four Italian centres were included in
two cohorts of resistant versus sensitive patients. Resistant patients were
those experiencing disease progression at the first computed tomography
scan reassessment during any anti-EGFR-containing regimen, independ-
ently of the line of treatment and the association with chemotherapy.
Sensitive patients were those achieving Response Evaluation Criteria in
Solid Tumors (RECIST) response or a disease stabilization lasting at least
6 months when receiving anti-EGFRs as single agents. The combination
with irinotecan was allowed only in irinotecan-refractory disease (i.e.

with previous disease progression during or within 3 months from the
last dose of irinotecan-containing therapies).

Other inclusion criteria were as follows: RAS and BRAF wild-type status as-
sessed by means of CE-IVD methods; at least one measurable lesion according
to RECIST 1.1; at least two consecutive radiological reassessments by com-
puted tomography scan; written informed consent to study participation.

Study design

PRESSING was a multicentre, case–control study, based on prospective
translational hypothesis. Independent cases (resistant group) and controls
(sensitive group) with one control per case were planned. Hypothesizing a
prevalence of candidate alterations included in the PRESSING panel equal
to 0% and 15% among controls and cases, respectively, 47 cases and 47
controls were needed to be able to reject the null hypothesis of equally
prevalent alterations, with a and b errors of 0.05 and 0.20. The study was
approved by the local Ethics Committees of participating institutions.

Molecular analyses

PRESSING panel included the following genomic alterations: HER2
amplification/activating mutations; MET amplification; NTRK/ROS1/
ALK/RET rearrangements; PIK3CA exon 20 mutations, PTEN inactivat-
ing mutations, AKT1 mutations.

Briefly, immunohistochemistry for HER2/MET and dual-colour silver in
situ hybridization for both genes were carried out and scored as described
previously [23, 24]. Immunohistochemistry for ALK/ROS1/panTRK/RET
was carried out as screening method using standard protocols for pan-Trk
(including TrkA, TrkB, TrkC; Cell Signaling Danvers, Massachussets, USA,
clone C17F1, 1 : 25 dilution), ROS1 (Cell Signaling, clone D4D6, 1 : 500 di-
lution), ALK (Cell Signaling, clone D5F3, 1 : 500 dilution) and RET (Abcam
Cambridge, UK, clone EPR2871). All samples with any immunohistochem-
istry (IHC) staining underwent RNA-seq for confirmation of the gene fu-
sions and identification of its partner [13].

Oncogenic mutations in the hotspot regions of 50 cancer-related genes
(Hotspot Cancer Panel v2), including HER2 and PIK3CA/PTEN/AKT1, were
assessed by means of Targeted Next-Generation Sequencing (T-NGS)
through the Ion Torrent Personal Genome platform (Life Technologies

VR

Waltham, Massachussets, USA), as described previously [25]. At the same
time, this technique allowed to centrally re-assess RAS status with deeper
coverage. The fractional abundance of RAS mutations was reported after cor-
rection for tumour cellularity [25].

Statistical analysis

An uncorrected chi square statistic was used to compare the prevalence
of alterations in the PRESSING panel and in other alterations between re-
sistant and sensitive patients.

The impact of alterations included in the PRESSING panel and of pri-
mary tumour location on progression-free survival (PFS) and overall sur-
vival (OS) was investigated. PFS was defined as the time from the
beginning of the anti-EGFR-containing treatment to the radiological evi-
dence of disease progression or last follow-up. OS was defined as the time
from the beginning of an anti-EGFR-containing treatment to death or last
follow-up. PFS and OS analyses were determined according to the Kaplan–
Meier method and survival curves were compared using the log-rank test.

The predictive accuracy of proposed assessments was calculated as the
sum of true positive and true negative observations relative to the total
number of observations.

Results

Study population

As shown in supplementary Figure S1, available at Annals of

Oncology online, the study population included 47 resistant
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(cases) and 47 sensitive patients (controls). Patients’ characteristics

are summarized in supplementary Table S1, available at Annals of

Oncology online. No relevant differences between resistant and sen-

sitive patients were evident, except for a significantly higher preva-

lence of right-sided primary tumours among resistant (51.1%)

versus sensitive (10.6%) patients (P< 0.001). At a median follow-

up of 36.3 [95% confidence interval (CI), 22.2–78.3] months, me-

dian PFS with anti-EGFR treatment was 2.0 (95% CI, 1.5 to 2.8)

among resistant and 8.1 (95% CI, 7.3–10.7) months among sensi-

tive patients. Median OS was 10.6 (95% CI, 7.2–13.3) and 20.3

(95% CI, 16.5–26.2) months, respectively.

Candidate alterations are significantly more
frequent among resistant patients

As summarized in Table 1 and depicted in Figure 1, one candidate

alteration included in the PRESSING panel was found in samples

from 20 (42.6%) out of 47 resistant versus only 1 (2.1%) out of 47

sensitive patients, respectively (P< 0.001). Noteworthy, all alter-

ations were mutually exclusive. HER2 amplification was the most

frequent alteration in resistant patients (seven cases, 14.9%), fol-

lowed by MET amplification (four cases, 8.5%).

In samples from resistant patients, T-NGS analysis allowed

identifying RAS mutations at low fractional abundance in four

(8.5%) tumours deemed RAS and BRAF wild-type by means of

the CE-IVD techniques previously used (Figure 1A). In particu-

lar, KRAS G12V, G12D and Q61H mutations (fractional abun-

dance: 6%, 8% and 10%, respectively), and NRAS Q61R

mutation (fractional abundance: 10%) were observed in samples

not bearing other candidate alterations. Therefore, predictors of

resistance to anti-EGFRs were reported in samples from 24

(51.1%) versus 1 (2.1%) resistant and sensitive patient, respect-

ively (P< 0.001). Mutations reported by means of T-NGS in all

analysed samples are detailed in supplementary Table S2, avail-

able at Annals of Oncology online. Interestingly, variants of uncer-

tain significant potentially affecting anti-EGFRs’ efficacy (i.e.

MET E168D, ALK L1198P or KRAS T50I) were found in resistant

cases not bearing any other candidate alteration.

Overall, based on our findings, the 51.1% of resistant cases was

associated to one of these candidate molecular alterations, and

excluding these patients from the treatment with anti-EGFRs

could allow increasing the clinical benefit rate from 50.0% to

67.0% (supplementary Figure S2, available at Annals of Oncology

online). A clear separation of PFS curves in favour of the molecu-

larly hyper-selected subgroup was evident (Figure 2A). The me-

dian PFS of patients not bearing any alteration in the PRESSING

panel was 6.3 versus 2.7 months among patients bearing any al-

teration [HR (hazard ratio): 0.18 (95% CI, 0.09–0.35),

P< 0.001). No significant difference was observed in terms of OS

[median OS: 15.2 versus 17.3 months, HR: 1.05 (95% CI, 0.60–

1.83), P¼ 0.876] (Figure 2B).

Primary tumour location affects outcome also
following molecular hyper-selection

Candidate alterations of the PRESSING panel were found in

41.4% (12 out of 29) of right-sided tumours versus 20.0% (13 out

of 65) of left-sided (P¼ 0.03) (Figure 1). When focusing only on

hyper-selected patients (i.e. after excluding those bearing any

candidate mechanism of primary resistance), primary tumour lo-

cation was still associated with clinical outcome. In fact, primary

tumours were right-sided in the 43.5% (10 out of 23) of resistant

patients versus the 10.9% (5 out of 46) of sensitive patients

(P¼ 0.002). The negative prognostic impact of the right-

sidedness was evident also among hyper-selected patients in

terms of both PFS [3.3 versus 7.3 months, HR: 4.77 (95% CI,

2.06–11.1), P< 0.001, Figure 2C] and OS [median OS: 8.4 versus

16.6 months, HR: 2.04 (95% CI, 1.02–4.07), P¼ 0.04, Figure 2D].

The accuracy of primary tumour location and PRESSING

panel assessment in predicting the treatment outcome was 70.2%

and 74.5%, respectively, while it increased up to 79.8% with the

combined evaluation of both sidedness and PRESSING panel.

Microsatellite instability is often associated with
candidate alterations of primary resistance

Tumours from 8 (17.0%) resistant and 0 (0%) sensitive patients

were MSI-high (P< 0.001). MSI-high status was associated with

candidate molecular alterations included in the PRESSING panel

in six (75.0%) out of eight cases. Six (75.0%) out of eight MSI-

high tumours were right sided.

Table 1. Prevalence of candidate genomic alterations of the PRESSING panel in samples from resistant (cases) versus sensitive (controls) patients

Molecular alterations Resistant patients Sensitive patients
N¼ 47 N¼ 47

HER2 amplification 7 0
HER2 mutations 1 (G776V, exon 20) 0
MET amplification 4 0
NTRK rearrangements 2 0

(SCYL3-NTRK1 and TPM3-NTRK1)
ALK rearrangements 0 0
ROS1 rearrangements 0 0
RET rearrangements 1 (CCDC6-RET) 0
PIK3CA exon 20 mutations 1 (A1035V, exon 20) 1 (H1047R, exon 20)
AKT1 mut 1 (R25C) 0
PTEN mutations 3 (L247S, R233stop and del P248, exon 7) 0
Patients with candidate alterations 20 1
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Discussion

Tailoring treatments based on patients’ and tumours’ character-

istics is a challenge of modern oncology. Nowadays, biomarkers

routinely used to guide therapeutic choices in mCRC are negative

predictors of benefit from anti-EGFRs, so that the selection of

candidate patients is based on the exclusion of RAS and BRAF

mutated, rather than the positive selection of sensitive ones. The

role of several rare genomic alterations in refining negative selec-

tion has been investigated by preclinical and retrospective studies

on each single biomarker [3–6, 8–10, 12, 13, 17–20].

In order to validate these findings, conducting new ran-

domized trials stratified according to candidate markers would

be methodologically appropriate, but rather unfeasible. Similarly,

assessing the impact of each candidate alteration would be diffi-

cult because of their low prevalence. Drawing from these consid-

erations and searching for a pragmatic approach to tackle these

limitations, we designed the present case–control study based on

a formal a priori statistical hypothesis.

With the aim of embedding the results of this study in the cur-

rent ‘best clinical practice’, our analysis was restricted to molecu-

larly and clinically selected patients. In particular, we only allowed

the registration of RAS and BRAF wild-type patients—the optimal

candidates for anti-EGFRs in the daily practice—assessable for the

actual benefit from anti-EGFRs, avoiding the confounding effect

of combined chemotherapy regimens. Here, we show that the

evaluation of the PRESSING panel may allow excluding from anti-

EGFR therapies a substantial (around 50%) percentage of resistant

patients, thus representing a step forward in the way towards nega-

tive molecular hyper-selection.

The mutual exclusivity of alterations of the PRESSING panel

indirectly suggests their role as oncogenic drivers. Moreover, the

lack of benefit from anti-EGFRs further strengthens the interest

towards these alterations as actionable targets for molecularly-

defined patients’ subgroups.

Finally, though in the absence of a randomized control group

not receiving the anti-EGFR that clearly represents a limitation of

this study, the evidence of significant differences in treatment

sensitivity and PFS, but not in OS, seems to corroborate the role

of alterations included in the PRESSING panel as predictive ra-

ther than prognostic markers.

Our results also emphasize the emerging role of deep-

sequencing for the detection of RAS mutations, given their
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Figure 1. Comparison of PRESSING panel alterations, primary tumour location and microsatellite instability among resistant (A) and sensitive
(B) patients.
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negative predictive impact, even when at low fractional abun-

dance [26, 27]. The large-scale diffusion of T-NGS technology in

the daily practice clearly allows a massive parallel multigene

sequencing. At the same time, the potential clinical interest of

other variants of unknown significance identified at T-NGS, such

as MET E168D, ALK L1198P or KRAS T50I should be function-

ally validated by preclinical experiments. In fact, although NGS

enables the simultaneous evaluation of multiple genomic alter-

ations with potential predictive interest, they also require cau-

tious interpretation in the daily practice.

A growing amount of clinical evidence, mainly deriving from

subgroup analyses of randomized trials, underlines that primary

location affects the sensitivity to anti-EGFRs [21]. In particular,

while the magnitude of benefit from these drugs is significant in

left-sided tumours, right-sided ones seem to derive modest or no

benefit and clearly show poor prognosis. These findings are sup-

ported by a biologic rationale, given the higher prevalence of sev-

eral molecular mechanisms potentially associated with resistance

to anti-EGFRs in right-sided tumours [13, 28]. In our study, a

higher prevalence of alterations in the PRESSING panel was

reported in right-sided tumours, thus supporting the role of pri-

mary tumour location as a clinical surrogate marker underpin-

ning the complex molecular landscape of primary resistance. Of

note, among hyper-selected patients (i.e. following the exclusion

of those bearing alterations of the PRESSING panel) right-

sidedness was still more frequent among resistant then sensitive

patients, and retained its negative prognostic impact. The com-

bined evaluation of primary tumour location and PRESSING

panel alterations provides the best predictive accuracy with re-

gard to the efficacy of anti-EGFRs. Our preclinical and transla-

tional knowledge about resistance to EGFR blockade in most

right-sided tumours should be deepened including not only tar-

geted genomics but also gene expression profiling studies. On the

other hand, a small subset of patients with right-sided cancers

may benefit from anti-EGFRs.

In the last months, immune checkpoint inhibitors emerged as

a practice-changing treatment in patients with MSI-high mCRC

[29, 30], characterized by high mutational/neoantigen load [22,

31] and abundant lymphocytic infiltration. We wondered

whether the high mutational burden of these tumours,
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Figure 2. Kaplan–Meier estimates of progression-free survival (PFS) and overall survival (OS) according to the presence of PRESSING panel
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determining the activation of multiple oncogenic signals, could

hamper the efficacy of strategies that rely on the blockade of a sin-

gle pathway. Although a significantly higher percentage of MSI-

high samples were found among resistant patients, microsatellite

instability was associated in most cases with other predictors of

primary resistance and with right-sidedness. For this reason, the

role of MSI-high as determinant of resistance to anti-EGFRs

should be further investigated.

In conclusion, while present results introduce the new concept

of negative hyper-selection of patients to be excluded from anti-

EGFRs, their further validation in post hoc analyses of ran-

domized trials would be warranted. Moreover, a substantial step

forward would be the refinement of negative hyper-selection by

investigating non-genomic mechanisms. As a further step, the

positive identification of highly EGFR-addicted tumours, includ-

ing those bearing IRS2 mutations/amplification preclinically

related with sensitivity to anti-EGFRs [5] and not detected by the

T-NGS platform that we adopted, would mark a fundamental

paradigm shift in the molecular characterization of mCRC.

Funding

Fondazione ARCO (Associazione Ricerche e Cure in Oncologia),

Italy (no grant numbers apply).

Disclosure

The authors have declared no conflicts of interest.

References

1. 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.

2. 2.2017 Colon Cancer. NCCN Guidelines Version; http://www.nccn.org/

professionals/physician_gls/pdf/colon.pdf (3 June 2017, date last accessed).

3. De Roock W, Claes B, Bernasconi D et al. Effects of KRAS, BRAF, NRAS,

and PIK3CA mutations on the efficacy of cetuximab plus chemotherapy

in chemotherapy-refractory metastatic colorectal cancer: a retrospective

consortium analysis. Lancet Oncol 2010; 11(8): 753–762.

4. Peeters M, Oliner KS, Parker A et al. Massively parallel tumor multigene

sequencing to evaluate response to panitumumab in a randomized phase III

study of metastatic colorectal cancer. Clin Cancer Res 2013; 19(7): 1902–1912.

5. Bertotti A, Migliardi G, Galimi F et al. A molecularly annotated platform

of patient-derived xenografts (“xenopatients”) identifies HER2 as an ef-

fective therapeutic target in cetuximab-resistant colorectal cancer.

Cancer Discov 2011; 1(6): 508–523.

6. Yonesaka K, Zejnullahu K, Okamoto I et al. Activation of ERBB2 signal-

ing causes resistance to the EGFR-directed therapeutic antibody cetuxi-

mab. Sci Transl Med 2011; 3(99): 1–11.

7. Kavuri SM, Jain N, Galimi F et al. HER2 activating mutations are targets

for colorectal cancer treatment. Cancer Discov 2015; 5(8): 832–841.

8. Bardelli A, Corso S, Bertotti A et al. Amplification of the MET receptor

drives resistance to anti-EGFR therapies in colorectal cancer. Cancer

Discov 2013; 3(6): 658–673.

9. Medico E, Russo M, Picco G et al. The molecular landscape of colorectal

cancer cell lines unveils clinically actionable kinase targets. Nat Comms

2015; 6: 7002.

10. Raghav KP, Overman MJ, Yu R et al. HER2 amplification as a negative

predictive biomarker for anti-epidermal growth factor receptor antibody

therapy in metastatic colorectal cancer. J Clin Oncol 2016; 34(Suppl;

abstr 3517).

11. Sartore-Bianchi A, Trusolino L, Martino C et al. Dual-targeted therapy

with trastuzumab and lapatinib in treatment-refractory, KRAS codon 12/

13 wild-type, HER2-positive metastatic colorectal cancer (HERACLES):

a proof-of-concept, multicentre, open-label, phase 2 trial. Lancet Oncol

2016; 17(6): 738–746.

12. Raghav K, Morris V, Tang C et al. MET amplification in metastatic colo-

rectal cancer: an acquired response to EGFR inhibition, not a de novo

phenomenon. Oncotarget 2016; 7(34): 54627–54631.

13. Pietrantonio F, Di Nicolantonio F, Schrock AB et al. ALK, ROS1, and

NTRK rearrangements in metastatic colorectal cancer. J Natl Cancer Inst

2017; 109(12): doi:10.1093/jnci/djx089.

14. Hurwitz H, Hainsworth JD, Swanton C et al. Targeted therapy for

gastrointestinaI (GI) tumors based on molecular profiles: early results

from MyPathway, an open-label phase IIa basket study in patients with

advanced solid tumors. J Clin Oncol 2016; 34(Suppl; abstr 653): 4s.

15. Drilon A, Siena S, Ou SI et al. Safety and antitumor activity of the multi-

targeted pan-TRK, ROS1, and ALK inhibitor entrectinib: combined re-

sults from two phase I trials (ALKA-372-001 and STARTRK-1). Cancer

Discov 2017; 7(4): 400–409.

16. Li GG, Somwar R, Joseph J et al. Antitumor activity of RXDX-105 in mul-

tiple cancer types with RET rearrangements or mutations. Clin Cancer Res

2016 [epub ahead of print], doi:10.1158/1078-0432.CCR-16-1887.

17. Moroni M, Veronese S, Benvenuti S et al. Gene copy number for epidermal

growth factor receptor (EGFR) and clinical response to antiEGFR treatment

in colorectal cancer: a cohort study. Lancet Oncol 2005; 6(5): 279–286.

18. Sartore-Bianchi A, Martini M, Molinari F et al. PIK3CA mutations in

colorectal cancer are associated with clinical resistance to EGFR-targeted

monoclonal antibodies. Cancer Res 2009; 69(5): 1851–1857.

19. Perrone F, Lampis A, Orsenigo M et al. PI3KCA/PTEN deregulation con-

tributes to impaired responses to cetuximab in metastatic colorectal can-

cer patients. Ann Oncol 2008; 20(1): 84–90.

20. Mao C, Liao RY, Chen Q. Loss of PTEN expression predicts resistance to

EGFR-targeted monoclonal antibodies in patients with metastatic colo-

rectal cancer. Br J Cancer 2010; 102(5): 940.

21. Holch JW, Ricard I, Stintzing S et al. 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.

22. Giannakis M, Mu XJ, Shukla SA et al. Genomic correlates of immune-

cell infiltrates in colorectal carcinoma. Cell Rep 2016; 17(4): 1206.

23. Pietrantonio F, Vernieri C, Siravegna G et al. Heterogeneity of acquired

resistance to anti-EGFR monoclonal antibodies in patients with meta-

static colorectal cancer. Clin Cancer Res 2017; 23(10): 2414–2422.

24. Valtorta E, Martino C, Sartore-Bianchi A et al. Assessment of a HER2

scoring system for colorectal cancer: results from a validation study.

Mod Pathol 2015; 28(11): 1481–1491.

25. Pietrantonio F, Perrone F, Mennitto A et al. Toward the molecular dis-

section of peritoneal pseudomyxoma. Ann Oncol 2016; 27(11):

2097–2103.

26. Molinari F, Felicioni L, Buscarino M et al. Increased detection sensitivity

for KRAS mutations enhances the prediction of anti-EGFR monoclonal

antibody resistance in metastatic colorectal cancer. Clin Cancer Res

2011; 17(14): 4901–4914.

27. Laurent-Puig P, Pekin D, Normand C et al. Clinical relevance of KRAS-

mutated subclones detected with picodroplet digital PCR in advanced

colorectal cancer treated with anti-EGFR therapy. Clin Cancer Res 2015;

21(5): 1087–1097.

28. Missiaglia E, Jacobs B, D’Ario G et al. Distal and proximal colon cancers

differ in terms of molecular, pathological, and clinical features. Ann

Oncol 2014; 25(10): 1995–2001.

29. Le DT, Uram JN, Wang H et al. PD-1 blockade in tumors with

mismatch-repair deficiency. N Engl J Med 2015; 372(26): 2509–2520.

30. Overman MJ, Lonardi S, Leone F et al. Nivolumab in patients with DNA

mismatch repair deficient/microsatellite instability high metastatic colorectal

cancer: update from CheckMate 142. JCO 2017; 35(Suppl; abstract 519): 4s.

31. Muzny DM, Bainbridge MN, Chang K et al. Comprehensive molecular

characterization of human colon and rectal cancer. Nature 2012;

487(7407): 330–337.

Original article Annals of Oncology

3014 | Cremolini et al. Volume 28 | Issue 12 | 2017

http://www.nccn.org/professionals/physician_gls/pdf/colon.pdf
http://www.nccn.org/professionals/physician_gls/pdf/colon.pdf



