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Summary. Background: In metastatic colorectal cancer (mCRC), KRAS and NRAS gene mutations have both
prognostic value and a validated predictive impact in selecting patients for treatment with the anti-EGFR
monoclonal antibodies cetuximab and panitumumab A plethora of molecular tests for RAS mutations assessment with different technical limits of detection (LOD; sensitivity) and specificity are currently available. The
clinical impact of selecting patients based on more sensitive diagnostic tools than those applied in pivotal phase
III trials of EGFR inhibitors remains still unclear. Here we aim to provide a systematic review of studies assessing the impact of various RAS molecular testing approaches on clinical outcome of mCRC patients treated
with cetuximab or panitumumab. Methods: This review was conducted according to the PRISMA guidelines for
systematic reviews. We searched for available articles, all in published form, according to prespecified terms. According to the “in English and humans” filter, a literature search for articles in PubMed was performed in September 2018, using the following terms: RAS, NRAS, colorectal, metastatic, mutations. Results: 135 papers have
been retrieved. A total of 24 were considered appropriate for the analysis. Specifically, 18 papers were excluded
because of lack of clinical data; LOD was not reported in 48 works; 19 papers were excluded because neither
clinical data nor LOD were described; 2 for absence of data regarding techniques adopted; 16 because the in
extenso publication was not available or were case reports/letters/reviews; 8 because of different techniques used.
Among the studies included in the final analysis, only 4 were prospective. The vast majority of studies (18 out
of 24) reported analytic tests with a ≤5% LOD. Only one adopted ultrasensitive (i.e., 0,1% LOD) techniques.
Conclusions: The landscape of methods applied for detection of RAS mutations is heterogeneous. The greatest
amount of evidence is focused on a LOD of ≤5%. In the available literature robust correlation between clinical
outcome and testing sensitivity lacks. A 5% sensitivity threshold should still be used in clinical practice.
Key words: RAS, metastatic, colorectal cancer, test, sensitivity
Introduction
KRAS and NRAS genes mutations have both
prognostic and predictive value in metastatic colorectal
cancer (CRC). In particular, KRAS mutations involv-

ing either codon 12 or 13 are the most frequently occurring and commonly associated with a worse prognosis (1). Findings from the sample analysis of the
phase III randomized trials leading to registration in
first-line treatment of panitumumab and cetuximab
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(2, 3) clearly demonstrated that also mutations involving NRAS and KRAS outside exon 2 reliably predict
a lack of efficacy of anti-EGFR treatments Therefore,
testing for full RAS (or pan-RAS) mutational status
has become part of routine pathological evaluation for
metastatic CRC.
An extended tumor RAS testing is currently recommended and incorporated into treatment guidelines from major international cancer societies, such
as American Society of Clinical Oncology (ASCO),
European Society of Medical Oncology (ESMO),
National Comprehensive Cancer Network (NCCN)
(4-7). Specifically, they all agree in suggesting that all
patients who are candidates for anti-EGFR therapy
should have their tumor tested for mutations in both
KRAS and NRAS exons 2 (codons 12 and 13), 3 (codons 59 and 61), and 4 (codons 117 and 146).
As for the timing of the analysis, since anti-EGFR agents are indicated only for the advanced setting,
patients should be assessed for their tumor RAS mutation status at the time of diagnosis of their metastatic
disease. Owing to the high level of concordance, both
primary and metastatic colorectal tumor tissue can be
used for RAS testing.
Additionally, it is strongly recommended that
laboratories use validated CRC molecular biomarker
testing methods with sufficient performance characteristics (4). Laboratories should also demonstrate
their successful participation in a relevant external
quality assessment scheme, and be appropriately accredited (5).
A plethora of molecular tests for RAS mutations
assessment with different technical limits of detection
(LOD; sensitivity) and specificity are currently available, and the technical landscape is continuously evolving in this field. These assays include sequencing-based
techniques, such as Sanger sequencing, pyrosequencing and Next Generation Sequencing (NGS) and Real
- Time PCR based assays, including also laboratorydeveloped techniques (8).
However, data of registration trials of anti-EGFR
monoclonal antibodies have been obtained through
testing by specific assays such as dideoxy sequencing/
WAVE (3) and BEAMing (2), whereas clinical data
for other techniques with different LOD are heterogeneous and come from retrospective analyses of limited
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cohort of patients (9-11). Thus, the potential clinical
implications of applying more sensitive diagnostic
tools for treatment selections remain still unclear.
In this regard, the evidence-based guideline issued from the American Society for Clinical Pathology (ASCP), College of American Pathologists (CAP),
Association for Molecular Pathology (AMP), and
ASCO tried to provide clinicians with some clinical
indication (12). Although originating from low quality
evidences, expert consensus opinion is to recommend
the use of CRC molecular biomarker testing methods
that are able to detect mutations in specimens with at
least 5% mutant allele frequency, taking into account
the LOD and tumor enrichment (e. g., microdissection). More specifically, it is recommended that the
operational minimal neoplastic cell content tested
should be set at least two times the assay’s LOD (4).
Given that the evolution of techniques for molecular diagnosis has been ever increasing since the
generation of initial data for clinical use of anti-EGFR
agents , we performed a systematic review of studies
assessing the impact of different RAS molecular testing
assays on clinical outcome of mCRC patients treated
with cetuximab -or panitumumab.

Methods
Search strategy
The review was conducted according to the PRISMA guidelines for systematic reviews. We searched for
available articles, all in published form, according to
prespecified terms. According to the “in English and
humans” filter, a literature search for articles in PubMed was performed in September 2018, using the
following terms: RAS, NRAS, colorectal, metastatic,
mutation. Reviews were excluded from the search. All
authors performed the search for the final selection
that was limited to prospective and retrospective trials
reporting the technique adopted for the determination
of mutational status and the LOD established for the
analysis. Moreover, only papers including clinical data
with results of eligible patients receiving anti-EGFRs
were considered. Case reports and case series were not
considered. After this initial selection process, the re-
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maining titles were screened in order to include only
papers retrieving contemporarily all needed including
criteria.
All data were included in a Microsoft Excel Form
in which were recorded the following data: Author,
prospective versus retrospective trial, used technique,
LOD, reported clinical data, inclusion or exclusion decision and reason for exclusion (Figure 1). The primary
endpoint was to establish the weight of a given RAS
molecular test on clinical outcome for mCRC patients
treated with anti-EGFR monoclonal antibodies.

tion), 24 were considered to align with the limits of
our analysis (Table 1) (13-36). Specifically, 18 papers
were excluded because of lack of clinical data; LOD
was not reported in 48 works; 19 papers were excluded
because neither clinical data nor LOD were described;
2 for absence of data regarding used techniques; 16
because article was not available or were case reports/
letters/reviews; 8 because of different techniques used.
Among the studies included in the final analysis only 4
were prospective. The vast majority of them (18 out of
24) used analytic tests with a ≤5% LOD. Only one incorporated ultrasensitive (i.e., 0,1% LOD) techniques.

Results
Conclusions
Among the results provided by our PubMed research (“ras” AND “nras” AND “colorectal” AND
“metastatic” AND “mutation”) NOT review [Publication Type], 135 papers were retrieved. According to
pre-established selection criteria (see methods sec-

RAS mutation testing has radically changed metastatic colorectal cancer treatment allowing for a better selection of patients benefiting from addition of
anti-EGFR agents to chemotherapy. Different analy-

Figure 1. PRISMA flow diagram showing the selection algorithm of papers retrieved from PubMed from 2008 to 2018 according to
the inclusion criteria. Overall, a total of n = 24 papers were included in the final analysis
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Table 1. Clinical design and technical characteristics employed in the 24 studies included in the final analysis of present systematic
review
Valentini et al (13) 10.0, 7
Osumi et al (14) 5.5 (3 e 4 kras) 2,7
Lievre et al (15) no
Dienstmann et al (16) 47.8, 3.8
Pietrantonio et al (31) 31.8, 0
Calegari et al (18) 63 ras

Prospective

Retrospective

Technique

LOD

-

Yes

Pyrosequencing, IHC. Dual-color CISH

2-5%

Yes

-

Luminex (xMAP)

1%

-

Yes

RPPA, Sanger Sequencing

5-10%

Yes

-

NGS

3%

-

Yes

NGS

5%

Yes

-

MS-PCR, NGS

15%
5%

Christensen et al (19) 48.0. 3.3

-

Yes

Rt-qPCR, Pyrosequencing, NGS

Nakayama et al (20) 49.7, 3.3

-

Yes

Luminex (Xmap)

5%

Kim et al (21) 39.1, 4.3

-

Yes

MassArray, Sanger Sequencing

5%

Moretto et al (22) not specified

-

Yes

MassArray, Pyrosequencing

5%

Li et al (23) 34.8, 4.3

-

Yes

MassArray

5%

Azuara et al (24) 39.0, 12.0

-

Yes

Digital-PCR. qPCR

1%

Osumi et al (25) 42.2, 5.1

-

Yes

Luminex Technology

1-10%

Hsu et al (26) 9.4, 7.5

-

Yes

NGS, Sanger sequencing

2%

Bonin et al (27) 34.7, 5.1

-

Yes

Sanger sequencing, RT-qPCR

20%

Yes

Yes

NGS, WB, ELISA

1%

-

Yes

RT-qPCR

0,1%

Braig et al (28) not reported
Bokemeyer et al (29) not reported
Kawazoe et al (30) 37.9, 4.2

-

Yes

Luminex (xMAP)

5%

Van Cutsem et al (31 )not reported

-

Yes

Rt-qPCR

5%

Ciardiello et al (32) 25.7, 7.1

-

Yes

NGS, Sanger sequencing, RT-qPCR

2%

Natalicchio et al (33) not reported

-

Yes

Sanger Sequencing, Pyrosequencing

>10%

Peeters et al (34) 45.0, 5.0

-

Yes

NGS

5%

De Roock et al (35)

-

Yes

MassArray

5-15%

Taniguchi (36) meta analysis

-

Yes

RT-qPCR, Sanger sequencing

1%

sis techniques with differing technical sensitivities for
detecting mutations have been developed so far, but
the ideal sensitivity threshold for excluding patients
for treatment - especially in the case of tests with a
very high LOD- is currently unknown.
Results of this study show a heterogeneous landscape regarding methods of detection of RAS mutations. The greatest amount of evidence is focused on
a LOD of 5% or less. Studies included metastatic patients treated in different settings of the disease. Finally, clinical outcome data are not homogenous making
it difficult to correctly analyze it. For all these reasons,
even though some studies suggest a better selection by
excluding patients with tumors harboring RAS mutated alleles occurring at a very low frequency, a 5% sensitivity threshold should still be used in clinical practice.

Prospective clinical trials with clearly defined
LOD are required for establishing a different cut-off
for excluding patients under this threshold.
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Summary. Very few studies are available about the treatment of metastatic colorectal (mCRC) in elderly
patients due to their inadequate participation to clinical trials: age, ECOG Performance Status (PS), comorbidities, biochemical abnormality and concomitant medication are generally major exclusion criteria. As
a consequence, many of them do not receive adequate treatment. Unfit condition in this cohort of patients
further limits antineoplastic prescription and consequently patient survival. Aim of this review is to explore
the best tool for identifying elderly patient frailty, available data on their mCRC treatment, and investigate
the possible role of panitumumab monotherapy on this setting. Geriatric assessment is a tool to prevent undertreatment of mCRC elderly patients, and the use of geriatric scales allow to identify frail patients. From
the analysis of clinical trial, subanalysis and metanalysis, age or comorbidities do not impact on treatment efficacy and toxicity of either antiangiogenic agents like bevacizumab, or anti-EGFR antibodies like cetuximab
or panitumumab, in combination with chemotherapy or in monotherapy: although numbers are small, the
results in terms of PFS, ORR and OS are not significantly different from those observed in younger patients.
On the contrary, up to now, no data on EGFR inhibitors from randomized trials dedicated to elderly patients
are available. In conclusion, a properly done geriatric assessment is the first step to offer elderly patients the
best treatment strategy. Patients candidate to receive active antitumor treatment should not be excluded from
RAS/BRAF testing and anti EGFR therapy on the sole basis of their age.
Key words: Anti-EGFR, elderly, metastatic colorectal cancer
Introduction
Colorectal cancer (CRC) is among the most
common cancers and in Italy has an incidence of over
50,000 new cases per year.
With the lengthening of life expectancy due to
the reduction of mortality from other causes, elderly patients are at increased risk of developing bowel
cancer which currently has high prevalence in the aging population, with about 60% of patients aged >70
years and 43% >75 years, and an average age of onset
*contributed equally as first authors

of 71 years (1). As metastases frequently appear years
after diagnosis of the primary tumor (metachronous
mCRC), it is expected that the age at the diagnosis of
mCRC is even higher than 70 years.
The oncologists’ therapeutic decision-making for
metastatic colorectal (mCRC) elderly patients has
been largely debated in the last few years, mainly because of the paucity of trial-based recommendations,
due to the underrepresentation of patients more than
65 years old in clinical trials, as frequent in the clinical
practice (2, 3). In the 55 identified randomized clinical
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trials (7 for CRC), patients aged 65 years or older were
significantly fewer than in the general population with
cancer (36% vs. 60% respectively). This underrepresentation was even worse in patients aged 75 years or older, which represented 9% of the randomized controlled
trials population vs. 31% of the general population
with cancer. The same differences are comparable for
age (32% of patients aged ≥65 years in the randomized
controlled trials vs. 61% in the general population) in
495 US National Cancer Institute sponsored clinical
trials. Comorbidities, polypharmacy, general organ deterioration, reluctance from physicians to treat and different evaluation of a few months longer life are some
of reasons behind generally poorer results.
As a consequence of the inadequate participation
to clinical trials of older patients with comorbidities
and poorer functional status, therapeutic choices in
this setting are frequently driven by data from retrospective, pooled and meta-analyses, results of which do
not necessarily reflect the general mCRC population
and are often limited by potential confounding factors.
The clinical management of this subset of patients
is extremely challenging, considered the wide heterogeneity of the older mCRC population, with frequent
discrepancies between physiological and chronological
age, which demands careful patient assessment and, if
necessary, individualized treatment approaches (4-6).
Retrospective analyses of clinical trials have often
reached the conclusion that elderly patients do as well
as younger patients, and derive similar benefits and
suffer similar toxicity from chemotherapy. Therefore,
according to guidelines, the standard of care in firstline mCRC treatment is a targeted therapy combined
with conventional chemotherapy (7-15).
Together with the goal of therapy, which is often palliative in nature, the potential toxicity profile of
drugs and the patient’s functional status, comorbidity
burden and social support are major points that must
be taken into account in the choice of the optimal
treatment for older mCRC patients. Furthermore, the
potential benefit of palliative chemotherapy must be
weighed against the inherent risks of adverse events
and decreased quality of life.
Aim of this analysis is: 1) how to best identify patient
frailty in the context of elderly population 2) to review the
results of studies conducted in the elderly population in
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particular concerning the anti-EGFR antibody 3) investigate the possible role of panitumumab monotherapy on
this setting.
Geriatric assessment as a tool to prevent undertreatment of mCRC elderly patients
Even if the underrepresentation of elderly patients is well recognized by oncology community, it
has rarely been studied and quantified and was never
investigated for randomized clinical trials of targeted
therapies in mCRC. Then we underscore that this age
group is subjected to disparities regarding therapeutic
options precluding meaningful conclusions about the
safety and efficacy for this age subgroup and could impact validity of data limiting their utilization to elaborate guidelines. (16)
One of the major exclusion criteria from clinical
trial is ECOG Performance Status (PS); data from 38
randomized clinical trials showed that more than one
third of randomized clinical trials excluded frail patients
based on ECOG Performance status score ≥2, with 10%
included > 10% of patients with an ECOG-PS ≥2. In
addition, when randomized clinical trials included subjects with ECOG PS 2, these patients represented only
6.5% of the included population, while they represented
at least 12% in observational studies on mCRC (12).
Regarding the comorbidities, cardiovascular diseases and biochemical abnormalities (inadequate creatinine clearance) were formal exclusion criteria in
more than 80% of the studies as well as the use of concomitant medication such anticoagulants (17). A database of non-interventional study recorded comorbid
conditions on 497 patients with mCRC. This study
revealed that only PS and age had a negative influence on PFS irrespective of comorbid conditions or
age. There were no significant differences in response
rate and safety profile for elderly patients when treated with cetuximab and irinotecan and comorbidities
and age had no influence on efficacy or toxicity (19).
Even if ECOG PS is not an enough robust criterion
to define frailty, it was the only clinical factor that was
systematically collected, so data on comorbidities that
were extracted were too heterogeneous to be used as
a better surrogate of frailty (18, 19). In a recent retrospective study of 654 patients with mCRC referred
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to first-line chemotherapy in 2008-2014, years, after
adjusting for PS and comorbidity, in older patients
>70 year, the PFS was similar an no significant difference was found in CRC mortality between age groups
althoug poor PS was associated with shorter overall
survival and PFS (20).
Clinical practice rely on a more global evaluation
including quality of life and clinical factors, such as
cognitive decline, nutrition or mobility disorders that
are well-known predictors of frailty in elderly patients
with cancer which was rarely available in data from
randomized clinical trials. This suggest a systematic recruitment of middle-aged subjects in randomized clinical trials by indirect elimination of the elderly through
other exclusion criteria closely related to age. Data of
SEER for CRC translate a gap between the age of
patients included in randomized clinical trials and that
of the general population (21-22). Nevertheless, since
randomized clinical trials remain the gold standard for
efficacy and safety of a new drug, in this context the
heterogeneous population of elderly patients make this
evaluation a challenge.
With the scope of improving treatment of elderly
patients both in clinical trials and clinical real-world
practice, the use of tools such as geriatric scales that,
through the evaluation of the patient’s functional status, its co-morbidities, the need to take different drugs,
nutritional status, cognitive plus emotional function
and social support, allow clinicians to distinguish patients who are fit and those that are frail. (23)
Tools for the multidimensional geriatric assessment
The comprehensive geriatric assessment (CGA)
is defined as a multidisciplinary diagnostic and treatment process that identifies medical, psychosocial, and
functional limitations of a frail older person in order to
develop a coordinated plan to maximize overall health
with aging. It requires evaluation of multiple issues, including physical, cognitive, affective, social, financial,
environmental, and spiritual components that influence
an older adult’s health (24, 25). Traditionally, the various
components of the evaluation are completed by different members of the team, with considerable variability
in the assessments. The medical assessment of older persons may be conducted by a physician (usually a geriatri-
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cian), nurse practitioner, or physician assistant. The core
team (geriatrician, nurse, social worker) may conduct
only brief initial assessments or screens for some dimensions. These may be subsequently augmented with more
in-depth evaluations by additional professionals.
The core components of CGA are:
A) Functional status: refers to the ability to perform activities necessary or desirable in daily
life. It is measured by:
Activities of daily living (ADL) refer to self-care
tasks which include:
• Bathing
• Dressing
• Toileting
• Maintaining continence
• Grooming
• Feeding
• Transferring
Instrumental Activities of daily living (IADL)
refer to the ability to maintain an independent household which include:
• Shopping for groceries
• Driving or using public transportation
• Using the telephone
• Performing housework
• Doing home repair
• Preparing meals
• Doing laundry
• Taking medications
• Handling finances
Other possible IADLs that reflect the increased
reliance on technology, which have not been validated,
include:
• Ability to use a cellphone or smartphone
• Ability to use the internet
• Ability to keep a schedule of activities
B) Falls/imbalance – Approximately one-third
of community-dwelling persons age 65 years and onehalf of those over 80 years of age fall each year. Patients
who have fallen or have a gait or balance problem are
at higher risk of having a subsequent fall and losing
independence.
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C) Cognition – The incidence of dementia increases with age, particularly among those over 85
years, yet many patients with cognitive impairment
remain undiagnosed. The test usually applied to make
an early diagnosis is the Folstein Mini Mental Status
examination.
D) Mood disorders – Depressive illness in the
elder population is a serious health concern leading
to unnecessary suffering, impaired functional status,
increased mortality, and excessive use of health care
resources. The Geriatric Depression Scale is the test
commonly used.
E) Comorbidities: The types and the number
of comorbid conditions unrelated to the tumor were
recorded according to established definitions from a
list of 25 concomitant conditions. Comorbid conditions are assessed by means of the index elaborated by
Satariano et al, or according to Charlson or CIRS-G
scale
F) Polypharmacy – Older persons are often prescribed multiple medications by different health care
providers, putting them at increased risk for drug-drug
interactions and adverse drug events.
G) Social and financial support – The existence
of a strong social support network in an elder’s life can
frequently be the determining factor of whether the
patient can remain at home or needs placement in an
institution.
Elderly patients should be divided by Multidimensional Geriatric Evaluation (VGM) in three categories such as follows:
“fit” patients can be treated the same way as
younger patients
“unfit” or vulnerable patients with documented
comorbidity conditions to impose a front-line dose reduction or the choice of chemotherapy schedule with
low profile di toxicity.
“frail” patients usually not candidate for active
anti-tumor treatments, despite there is no consensus in
the literature on how frail patients should be defined
and how to differentiate frailty from comorbidity and
disability (26-27).
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However, this multidimensional approach is timeconsuming, leading cancer specialists to seek an easier
screening tool that can separate fit older patients, who
are able to receive standard cancer treatment, from vulnerable patients that should subsequently receive a full
assessment to guide tailoring of their treatment regimen. Furthermore, pre-treatment geriatric screening
tools might have prognostic value and allow to predict
treatment-related toxicity (28).
The G8 screening tool
The G8 is a simple screening tool, including
8-items, developed specifically for older cancer patients. The tool, addressed by the clinician, covers multiple domains, focusing on nutritional status, mobility,
neuropsychological problems, medication use, selfrated health status and age (29). Adopting a cut-off
value of 14, the G8 demonstrated a good sensitivity
in identifying patients with impairments across multiple domains (with a score ≤14 points), which would
be candidate to a CGA; nevertheless it showed poor
specificity and negative predictive value. Furthermore,
some evidences suggested that the G8 might be able to
predict survival while its predictive value for treatmentrelated toxicities has not been extensively explored
(30-31). While literature data support a promising
role for G8 as a simple cost- effective screening tool
in elderly patients, to date its use in clinical practice is
not widespread, and only selected centers with a focus
in geriatric oncology routinely perform this assessment
to enhance the baseline evaluation of patients before
treatment choice (32-33).
The CRASH score
Some scores, which incorporate CGA parameters, have been built specifically in order to assess the
risk of chemotherapy-induced toxicity in older cancer
patients Among these, the CRASH (Chemotherapy
Risk Assessment Scale for High-Age Patients) score
provides an objective risk estimate of treatmentrelated toxicities, discriminating also hematological
and non-hematological ones, stratifying patients in 4
categories (low, medium-low, medium-high and high)
(34-35).
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Valid across a wide range of oncological therapies,
the assessment of the CRASH score includes seven
items (chemotherapy regimen toxicity score (MAX2
index) CRASH score can be calculated by the clinician
using the online formula at Moffitt Cancer Center
website (36)

Biological agents in the treatment of elderly patients
with metastatic colorectal cancer mCRC
Anti-angiogenic agents in elderly mCRC patients
The management of mCRC may contain in addition to chemotherapy backbone five monoclonal antibodies (bevacizumab, cetuximab and panitumumab,
aflibercept and ramucirumab); the integration of this
targeted agents to chemotherapy has improved the results in terms of percentage of response rate (RR) and
(PFS) with a median OS expectancy around 24-30
months (7-9, 37, 38).
Less informations are available on clinical actitvity and safety of biological target agents in elderly
patients with mCRC for the paucity of specifically
dedicated trials (39, 40). Nevertheless, in the past few
years the potential benefit of bevacizumab in the elderly has become clear through new prospective and
appropriate clinical trials and retrospective analyses.
Subgroup analyses and observational cohort studies
have suggested that elderly patients benefit from the
addition of bevacizumab to standard chemotherapy
and the safety profile of bevacizumab in this population does not significantly differ from that observed in
younger patients (41).
With specific regard to the elderly population, in
the phase III AVEX trial, bevacizumab plus capecitabine was compared with capecitabine alone in 280
patients aged ≥70 years and not optimal candidates for
combination chemotherapy, according to investigators’ judgment The addition of bevacizumab improved
PFS, the primary endpoint (9.1 versus 5.1 months;
HR 0.53, 95% CI 0.41– 0.69; p<0.0001), as well as
the ORR (19% versus 10%; P=0.04); the difference in
overall survival, a secondary end point, was however
not statistically significant (20.7 months versus 16.8
months; HR 0.79, 95% CI 0.57-1.09; p=0.18) (42).
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The purpose of the study called PRODIGE 20 was
to evaluate tolerance and efficacy of bevacizumab according to specific end points in a population of 102 elderly
patients with a median age of 80 years. Patients were
randomly assigned to bevacizumab and chemotherapy
versus chemotherapy alone ( LV5FU2, FOLFOX and
FOLFIRI regimen prescribed according to investigator’s choice). Median PFS was 9.7 months when bevacizumab was added to chemotherapy and 7.8 months
in chemotherapy alone. Median OS was 21.7 months
and 19.8 months respectively . Toxicities grade 3/4 were
mainly non-hematologic (80.4% in BEV, 63.3% in
CT). This study showed that bevacizumab in combination with both 5-fluorouracil monotherapy or doublet
CT is well-tolerated and efficient in selected elderly patients. A trend for a longer tumor control is observed in
bevacizumab treated patients (43).
In a recent metanalysis 3 randomized controlled
trials, 4 single-arm phase II trials, and 1 prospective
study are included: overall 782 elderly patients with
a median age of 75 year are included. Adding bevacizumab to first-line fluoropyrimidine monotherapy
significantly improved PFS and OS in elderly patients
with mCRC; as expected hypertension (27% vs. 4.9%),
bleeding (24% vs. 6.4%), thromboembolic events (10%
vs. 5%), and proteinuria (25.6% vs. 8.2%) were more
frequent in the bevacizumab combination group but
the safety profile was manageable with no unexpected
toxicities. (44)
Anti-EGFR antibodies in elderly mCRC patients
Nowadays, few evidences regarding the treatment
with anti-EGFR agents in mCRC elderly patients are
available and mostly from retrospective or small prospective studies of molecularly unselected patients.
A database of non-interventional study recorded
comorbid conditions on 497 patients with mCRC.
This study revealed that only PS and age had a negative
influence on PFS irrespective of comorbid conditions
or age. There were no significant differences in response rate and safety profile for elderly patients when
treated with cetuximab and irinotecan. Comorbidities
and age had no influence on efficacy or toxicity. 56
patients (median age 76 years) received cetuximab+/with irinotecan: objective response rate was 21%, me-
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dian progression-free survival was 4.4 months and
median overall survival was 16.0 months. This small
series showed that tolerability of cetuximab was acceptable in elderly patients with pretreated metastatic
CRC with efficacy appeared similar to that observed in
younger patients (19).
The majority of data involved combination with
chemotherapy.
A retrospective series analysed 54 irinotecanrefractory mCRC patients aged≥70 years treated with
cetuximab plus irinotecan and evaluated clinical outcome according to KRAS and BRAF mutational status. The 29 KRAS wild-type patients achieved better
response rate (31% ) and median PFS (4.21 months);
nevertheless the safety profile in elderly mCRC patients confirmed that a reduced dose of irinotecan
should be considered (45).
A recent retrospective analysis from phase III randomized trial CRYSTAL study has shown that cetuximab in combination with FOLFIRI schedule improve
outcomes in both young and older patients with WT
RAS but full data have not been yet presented (46).
About the treatment with panitumumab, a posthoc analysis from the phase III PRIME Trial reported
efficacy data of the anti-EGFR moAb in elderly patients, in combination with chemotherapy (47, 48). In
this analysis, the addition of panitumumab to the firstline FOLFOX4 confirmed a benefit over FOLFOX4
also in the subset of patients aged more than 65 years
(n=188), in terms of OS (26.6 versus 17.4 months; HR
0.78, 95% CI 0.58-1.09), PFS (9.7 versus 9.2 months;
HR 0.88, 95% CI 0.65-1.19) and ORR (49% versus
42%) and did not raise any safety concerns. Analysis
of efficacy in the >75 years population was limited by
patient numbers (n= 34) to draw conclusions.
Only limited data are available on the combination of an egfr inhibitor and a fluoropyrimidine.
Sastre et coll presented data on sixty-six patients
with advanced CRC treated with cetuximab and
capecitabine. After the inclusion of 27 patients, the
protocol was amended for safety reasons, reducing the
dose of capecitabine for the high incidence of severe
paronychia which declined after capecitabine dose adjustment to 1,000 mg/m2 every 12 hours. The overall response rate on the whole population was 31.8%.
Outcome parameters were better in the 29 wild-type
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KRAS tumor patients: RR 48.3%, mPFS 8.4 months,
mOS 18.8 months vs; 95% confidence interval [CI],
29.4%-67.5%), (20.7%; 95% CI, 8.0%-39.7%) (45).
An alternative way to offer an anti-EGFR to frail
or elderly patients with RAS wild-type mCRC is to
use it as monotherapy. Two studies have been published investigating this strategy.
A small phase II trial enrolled elderly (age ≥70
years) patients considered not candidates for chemotherapy; in the RAS wild-type subgroup (n=15), the
first-line monotherapy with panitumumab lead to a
median PFS: of 7.9 months and a median OS of 12.3
months, with a good tolerance ( 49).
An italian series of 40 RAS and BRAF wild-type
patients treated with off-label prescriptions of singleagent panitumumab at 7 Institutions has been published by Pietrantonio et al.
Treatment was administered as first line in patients
with absolute contraindication to any chemotherapy or
as second-line treatment after failure of a fluoropyrimidine-based treatment, in the presence of contraindication to irinotecan. RR was 32.5%, and DCR was 72.5%;
median PFS and OS were 6.4 months (95% confidence
interval [CI]: 4.9-8 months) and 14.3 months (95%
CI: 10.9-17.7 months), respectively, without significant differences between the two subgroups of patients
treated in first and second line (50).
Up to now, no data on EGFR inhibitors from
randomized trials dedicated to elderly patients are
available.
A large phase II trial has been launched in Italy,
the PANDA study, aimed at exploring safety and efficacy of panitumumab in combination with FOLFOX
or with 5FU/LV in elderly patients affected by RAS
and BRAF wild-type m CRC. This is the first randomized trial enrolling elderly, molecularly selected
patients, in which the prognostic role of the tool G8
score will also be prospectively evaluated. The trial has
just completed the enrollment and results are awaited
for the first quarter of 2020 (51).

Conclusions
As life expectancy continues to lengthen and the
elderly proportion of the population grows, the inci-
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dence of colorectal cancer is increasing. Treatment of
elderly patients with metastatic colorectal cancer represents a difficult challenge in clinical practice. A significant proportion of frail elderly patients do not receive
treatment, reflecting ongoing uncertainty of clinical
benefit and toxicity of chemotherapy. Unfit condition
in this cohort of patients further limits antineoplastic
prescription and consequently patient survival.
Based on the ASCO statement issued in 2015
(16) crucial principles include better use of the existing research infrastructure, with enhanced research
designs to improve the inclusion of older adults on
clinical trials; a higher bar set in terms of publication
policies by journals to include detailed data on age and
comorbidity of trial patients; and potential authorization of the FDA to require results in older adults prior
to the drug-approval process.
Although the numbers are small, the data support
the fact that there is no evidence of a negative interaction between age and treatment efficacy and that
monoclonal antibodies are a valuable treatment option
in elderly patients, including those with frail status.
RAS and BRAF testing was proven as clinically
useful also in elderly and unfit population that could
benefit from antiepidermal growth factor receptor as
single agent therapy or combined with chemotherapy.
The combination of capacitabine and bevacizumab is a standard treatment independently of RAS and
BRAF molecular status and primary tumor location.
However, in presence of left-sided, RAS and BRAF
wild-type mCRC diagnosed in elderly patients, firstline anti-EGFR-based treatment should be taken into
account as the most effective treatment option.
According to a properly done geriatric assessment, “fit” patients could be treated with a standard
treatment of anti-EGFR agents in combination with
a doublet chemotherapy regimen. No evidence-based
contraindications exist on the placement of central
venous catheters in patients with age >75 years old.
Based on the estimated risk of toxicities, some modification of treatment dosing and schedules may be performed in the routine clinical practice in order to improve the safety of available regimen. For instance, in
the PANDA study, a modified schedule of FOLFOX
plus panitumumab has been adopted, by eliminating
bolus 5-FU.
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In vulnerable and frail patients, with documented
comorbidities, a front line dose reduction, the combination of 5-FU/LV plus anti-EGFR agents or single agent anti-EGFRs can be used even in absence of
Level A evidences.
In conclusion, a properly done geriatric assessment is the first step to offer elderly patients the best
treatment strategy. Patients candidate to receive active antitumor treatment should not be excluded from
RAS/BRAF testing and antiEGFR therapy on the
sole basis of their age.
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Summary. Right-sided and left-sided colorectal cancer have a different embryological origin, distinct clinical
and biological features, and follow different pathways of oncogenesis. Primary tumor location is an independent prognostic factor in advanced CRC. Right cancers (RCCs) show a higher frequency of BRAF mutation,
genome wide hypermethylation and MSI, while left cancers (LCRCs) are characterized by chromosomal
instability and activation of EGFR pathway. Results of FIRE-3 study support that an optimal algorithm for
RAS WT LCRCs should contain anti-EGFR in first line, while in RCCs Bevacizumab in first line could
be preferred. The TRIBE trial indicated FOLFOXIRI/Bevacizumab as the first choice therapy in the treatment of mutated BRAF patients, prevalent in RCC. Genetic and epigenetic alterations potentially related to
poor prognosis and resistance to anti-EGFRs were reported more frequently in RCC. Molecular evidences
suggest that, rather than a simplistic dichotomic distinction proximally or distally to the splenic flexure, a
continuum of genetic characteristics and gene expression profiles can be de- scribed throughout different segments, while it is not completely clear if tumors originating from the transverse colon show more similarities
with right- or left-sided ones, so that they have been included among RCC in the vast majority of analyses.
With regard to immunological features, RCC sharbor more active immune cells, able to promote an efficient
immune response, while LCRCs predominantly host immunosuppressive cells: it is unknown whether these
considerations may affect the different anti-EGFR sensitivity of tumors originating from different segments
of the colon, but they could be of special interest when evaluating the efficacy of immunotherapy approaches.
Key words: Colorectal cancer, tumor laterality, anti EGFR

Impact of primary tumor location in first line
treatment of RAS WT metastatic colorectal cancer
patients
Colorectal cancer (CRC) is a heterogeneous disease. Conventionally, tumors arising proximal and
distal to the splenic flexure are classified respectively
as right-sided and left-sided. These separate entities
have a different embryological origin (proximal from
midgut and distal and rectum from hindgut) and seem
to follow different pathways of oncogenesis, harboring distinct clinical and biological features. Right co-

lon cancers (RCCs) show a higher frequency of BRAF
mutation, genome wide hypermethylation and MSI.
Left colorectal cancers (LCRCs) are characterized
by chromosomal instability and activation of EGFR
pathway. Moreover, RCC and LCRC display differences in mucosal immunology (probably due to differences in gut microbiota). Therefore, primary tumor
location acts as a surrogate of different biology and
impacts on prognosis and response to biological agents
(specifically to anti-EGFR agents).
To date, primary tumor location is acknowledged
as an independent prognostic factor in patients with
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advanced CRC. Indeed, a recent systematic review and
meta-analysis showed a 20% reduced risk of death for
cancers arising on the left side (1).
Recently, the available data derived from randomized trials conducted in the first-line setting of RAS
wild-type metastatic CRC have been analyzed in different meta-analyses, in order to identify the best systemic
treatment (2-4). Arnold et al. analyzed six randomized
trials evaluating the efficacy of chemotherapy plus antiEGFR antibody (experimental arm) versus chemotherapy or chemotherapy and bevacizumab (control arm).
The authors highlighted that patients with LCRC had
a significant benefit from the addition of anti-EGFR
treatment (HR 0.75 for OS and HR 0.78 for PFS),
while the same was not true for RCC (HR 1.12 for both
OS and PFS). Moreover, in patients treated with antiEGFR, the overall response rate (ORR) was higher in
LCRC (OR 2.12) than in RCC (1.47) (2). Holch et al.
highlighted that, when anti-EGFR was associated to
chemotherapy as a first-line treatment, the localization
of the primary tumor was predictive of better survival in
LCRC RAS wild-type patients (HR for OS in LCRC
0.69; p 0.0001) compared to RCC RAS wild-type patients (HR for OS 0.96; p=0.802). Furthermore, patients
with LCRC RAS wild-type have had greater benefits
in terms of OS from anti-EGFR plus chemotherapy
compared to chemotherapy and anti-VEGF (HR 0.71;
p 0.0003), while in RCC a poor survival benefit is associated with bevacizumab-based treatment (HR 1.3;
p = 0.081) (3). These data are confirmed by a combined
retrospective analysis of CRYSTAL and FIRE-3: in
the wild-type RAS population, a better OS was evident
in LCRC patients treated with an anti-EGFR agent,
compared to other therapeutic options (chemotherapy
and chemotherapy plus bevacizumab) (5).
In conclusion pooled analyses for subgroups,
stratified by type of schedule and primary tumor location, demonstrated a superiority of the combination of
chemotherapy doublet + anti-EGFR agents in terms of
OS, PFS and ORR, when compared to chemotherapy
doublet ± bevacizumab in LCRCs. On the contrary no
benefit was reported in RCCs. Such evidences on the
role of sidedness as predictor of different activity of
anti-EGFR agents in the metastatic setting are consistent with previous results of retrospective analyses
of single trials (1, 6-8).

Given its prognostic and predictive value, primary
tumor location should be considered, along with the
treatment purpose (cytoreduction/conversion vs palliative), a keystone of the therapeutic algorithm for
metastatic CRC (9). In particular, given the clear benefit, patients with RAS WT LCRCs should receive as
a first choice a chemotherapy doublet + anti-EGFR
agent in the first-line setting.

Impact of Primary Tumor Location (PTL) in
localized colorectal cancer
While the significant prognostic value of PTL
has been clearly demonstrated in metastatic colorectal
cancer (mCRC) patients, no clear role of tumor sidedness has been established for localized CRC from both
a predictive and a prognostic point of view.
The discordant effect between the localized and
metastatic setting is also seen for deep molecular features underlying the CRC biology.
In the seminal work by Guinney et al., that harmonized the trascriptomic profiling of six independent
research groups, a completely opposite prognostic effect between radically resected and metastatic cancer
was observed for what was identified as consensus molecular subtype 1 (CMS1) group (10).
CSM1 was associated with improved survival in
over 2000 patients with localized cancer, when compared to the CMS4 group (CMS4 vs CMS1 Hazard Ratio, HR 1.55, p 0.001), while the opposite was
seen in over 400 patients with metastatic disease, with
CMS1 being the worst prognostic group (CMS4 vs
CMS1 HR 0.60, overall log rank p < 0.001).
This finding has important connections with the
apparent discordant prognostic effect of PTL, as right
colon tumors are particularly enriched with CMS1 (11).
Other molecular features with relevant prognostic
and predictive value, i.e. BRAF mutations and microsatellite instability (MSI) abound particularly in rightsided tumors.
The interaction between BRAF (and RAS) mutation, MSI and PTL in localized tumors has been
elicited by Tajeb et al in a retrospective analysis of the
adjuvant trial PETACC-8 (12), that randomized over
2500 radically resected patients to either FOLFOX or
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FOLFOF+cetuximab as adjuvant treatment. Mutational status and PTL information were acquired in
1869 patients. Tumor was located in the right side in
40% of cases. Overall no effect of PTL was seen in
terms of disease-free survival (DFS), however rightsided tumors were associated with shorter post-relapse
survival in the subgroup of patients who experienced
disease relapse: HR 1.54; P=.001.
Interestingly, DFS of right-sided CRC patients
was significantly shorter than left tumor DFS only
for RAS and RAF wild type status, HR 1.39; 95%CI,
1.01-1.92; P=.04. No difference between left and right
tumors was observed in the MSI-high subgroup.
Petrelli et al meta-analysed available data on tumor sidedness from 66 independent studies of CRC
patients (all tumor stages allowed, from I to IV). Of
these, 25 studies included patients with localized disease (stage I to III). The adverse survival effect of right
tumor location was milder in this subgroup of studies
of localized CRC as compared to the studies including
patients with stage IV disease (HR 0.84 vs 0.73, respectively) P-value for subgroups difference <.001 (1).
The effect of sidedness has been also assessed in the
recent pooled analysis of 5 adjuvant trials, investigating the impact of a reduced duration (three months) of
post-operative FOLFOX/XELOX chemotherapy (five
independent trials ultimately grouped in a common
cooperative research project, the IDEA (International
Duration Evaluation of Adjuvant therapy) project. Results for the pooled population of over 12000 patients
were published in the New England Journal of Medicine in march 2018, but the subgroup analysis based on
tumor sidedness was not reported in whole population
(13). However, results of PTL were published for one
of the five trials converging in the IDEA project, the
French trial (14). Overall, PTL information was available for 967 patients. In both left and right sided tumors,
the 3-month duration of adjuvant chemotherapy was
associated with a reduced DFS compared to a reference
6 months of therapy (HR 1.15 and 1.32, respectively).
No significant interaction was observed between duration of adjuvant chemotherapy and PTL: however,
in the subgroup of right tumors, the advantage of 6
months of adjuvant chemotherapy reached the statistical significance for superiority, p<0.05, with lower 95%
CI boundary above the unity (1.01-1.73).
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In conclusion, the prognostic value of PTL in localized cancer appeared to be less pronounced than in
metastatic ones and probably related to the presence of
specific molecular features such as MSI and RAS and
RAF mutations.
Therapeutic sequence following the first line
Tumor location, combined to molecular status,
could influence the choice of the first line treatment:
most of the available data derives from studies that
have mainly investigated the first treatment line as a
function of sidedness. Therefore, although the therapeutic sequence is strongly conditioned by the treatment offered to the patient in the first line, the increasing chance for mCRC patients to experience longer
survival is determined by carrying out as many possible
lines of treatment.
In the context of RAS WT patients, FIRE-3 is
the main randomized phase 3 study providing documentation of treatment and efficacy across several
lines; it also provides information about the impact of
tumor location on the effectiveness of the second line
therapy, as the first line is strictly determined (FOLFIRI and randomization to Bevacizumab o Cetuximab)
(15). In this study the frequency of second-line therapy
was approximately 70%, and its efficacy in term of PFS
and OS was better in left-sided tumors, particularly in
the cetuximab arm. In right-sided tumors, more patients of the bevacizumab-arm are exposed to further
systemic therapy compared to cetuximab arm. This
support that an optimal treatment algorithm for RAS
WT left-sided tumors should contain anti-EGFR in
first line, while in the right-sided tumors Bevacizumab
in first line could be preferred (16).
The ESMO guidelines, especially the most recent
ones (panasian), were updated including considerations on the location of the primary tumor, suggesting
therapeutic sequences focused mainly on the sequence
of the biological drug (17).
RAS WT
Patients left-RAS WT who mostly benefit from
therapy anti-EGFR based, can be treated in the second
line with antiangiogenic, Bevacizumab or Aflibercept,
according to the chemotherapy backbone used in first
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line. In particular, survival data of the Eastern Cooperative Oncology Group Study E3200 have confirmed
that patients who had received FOLFIRI in the first
line can be treated with FOLFOX/Bevacizumab in
the second line (18); on the contrary, according to survival data of the VELOUR study, in the same context
patients who had received FOLFOX can be treated
with Aflibecept (19). No survival data are available
with FOLFIRI/Bevacizumab in second line. A further
option suggested by the guidelines may be the use of
the FOLFIRI/Ramucirumab combination (17), but
this anti-angiogenic cannot be used in all countries.
In right-sided RAS WT patients, who poorly benefit from anti-EGFR-based therapy, antiangiogenic
bevacizumab was the preferred biologic agent in first
line, but the anti-EGFR could be used for these patients
in first line, in particular clinical settings (e.g. in patients
who nedeed disease debulking). Thus, if anti-EGFR was
used in first line, the suggested sequence for the second
line is the same described for left-sided WT patients.
Right-sided WT patients who received Bevacizumabbased therapy in first line, can be treated in second line
with an antiangiogenic or an anti-EGFR, depending on
the benefit obtained from first line treatment and the
state of the disease at the beginning of the second-line
treatment. In addition, the choice should consider that
some data seem indicate that the use of an anti-EGFR
in the second line after Bevacizumab could have a detrimental effect on survival: although the reason is poorly
known/proven, the mechanism seems to be related to
the unfavorable microenvironment created by antiangiogenetic towards the anti-EGFR activity (20).
Therefore, patients who received FOLFOXIRI/
Bevacizumab could be treated in second line with
FOLFIRI/Bevacizumab (21) or FOLFIRI/Aflibercept (19). Probably, if after the first line the PFS is not
satisfactory, FOLFIRI/Aflibercept could be preferred,
for the purpose of using a different class of antiangiogenetic drug (19). FOLFOX/bevacizumab is another
option (18), but it is important to evaluate how neurotoxicity could affect compliance.
When doublets/Bevacizumab are used in first
line, patients who have received FOLFIRI can be
treated with FOLFOX/Bevacizumab in second line
and patients who have received FOLFOX can be
treated with Aflibecept (19).

Finally, in the case of bulky disease and/or rapid
progression after first-line treatment, we can consider
a second-line therapy based on anti-EGFR, giving
to the patient the chance of this treatment that, most
likely, he will not be able to receive in the third line.
RAS MUT
In RAS mut patient the laterality influences the
prognosis, but not the treatment choice. Generally, patients are treated in first line with doublet (FOLFIRI
or FOLFOX) plus Bevacizumab. Triplet in combination with Bevacizumab is an option when the goal of
treatment is cytoreduction.
Therefore, the choice of second-line therapy is determined by the PFS after the first line treatment and
by the chemotherapy used.
When FOLFIRI/Bevacizumab is used in first
line, successively patients should be treated with
FOLFOX±Bevacizumab; when in first line FOLFOX/Bevacizumab is preferred, FOLFIRI/Bevacizumab can be used in patients with a very long PFS
after the first line, due to a long maintenance (22), but
also FOLFIRI/Aflibercept can be a good choice, especially in patients with a poor first line PFS, in order
to exploit a different mechanism of antiangiogenesis.
A further option suggested from guidelines may be
the use of the FOLFIRI/Ramucirumab combination
(17).
BRAF MUT
The TRIBE trial introduced FOLFOXIRI/Bevacizumab as the first choice therapy in the treatment
of mutated BRAF patients, even if the Bevacizumab
doublets represent the alternative where this schedule
is not adequate for the patient (23).
The BRAF mutation is prevalent in right-sided
tumor. The impact of the second line treatment in the
BRAF mutated patients is very difficult to quantify as
many of them fail to go beyond the first line.
After a triplet/Bevacizumab in second line, patients with optimal PFS after a maintenance period
can be treated with the reintroduction of the triplet
or with FOLFOX or FOLFIRI/Bevacizumab (TML).
FOLFIRI/Aflibercept represent a valid option: VE-
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LOUR subgroups analysis showed that BRAF mut
patient could benefit from Aflibercept with a double
PFS compared to FOLFIRI alone (10 months) (24).
If the data of the VOLFI study on BRAF mutated CRCs will be confirmed, the second-line scenario
will remain the same (25).
The inclusion of patients in clinical trials should
be encouraged.
Biological characteristics of the tumor
A growing amount of translational evidence underlines relevant differences in the molecular landscape
of tumors originating from the right versus left side of
the colon. A continuum in the prevalence of specific
genetic alteration from the caecum to the extraperitoneal portion of rectum was reported, providing a strong
biologic rationale to explain the different behavior of
right- and left-sided tumors with regard to the sensitivity to anti-EGFR monoclonal antibodies (26, 27).
Results from several wide cohorts of analyzed tumors evidenced a higher prevalence of BRAF V600E
mutation in right-sided tumors, partially accounting
for the poor prognosis of tumors originating proximally to the splenic flexure and the modest responsiveness to anti-EGFRs. However, retrospective analyses
of randomized trials in the RAS and BRAF wild-type
population surprisingly revealed that a consistent negative prognostic and predictive role of right-sidedness
was evident also when excluding BRAF mutant tumors, thus opening the way to hypothesize the higher prevalence of molecular events other than BRAF
V600E mutation in right-sided tumors (28).
Actually, genetic alterations potentially related
to poor prognosis and resistance to anti-EGFRs were
reported more frequently in right-sided tumors, including rare events such as NTRKs, ROS, ALK and
RET fusions (29, 30). A recent case-control study,
named PRESSING, was conducted with the aim to
prospectively demonstrate the association of a panel of
molecular mechanisms whose negative predictive role
with respect to anti-EGFRs was hypothesized based
on preclinical and early clinical evidence. The socalled PRESSING panel included HER2 and MET
amplification, NTRKs, ROS, ALK and RET fusions,
activating mutations of the PIK3CA/PTEN/Akt and
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MAPKs pathway. Based on an “a priori” statistical
hypothesis, the higher prevalence of these alterations
in resistant than in sensitive patients was prospectively demonstrated. Notably, these alterations were
significantly more represented in right- than in leftsided tumors, and the combined evaluation of both the
PRESSING panel and the primary tumor sidedness
was able to provide the best predictive accuracy when
compared with each single evaluation. Interestingly,
the association of right-sidedness with resistance to
anti-EGFRs was retained also in the negatively hyperselected population of patients with PRESSING
panel negative tumors (21).
Other molecular characteristics, whose negative
predictive impact with regard to anti-EGFRs was suggested by preliminary experiences, are more frequent in
right-sided tumors, including EGFR promoter methylation (31), the CpG island methylator phenotype,
high levels of EGFR endogenous ligands epiregulin
and amphiregulin, high levels of miR-31-3p (32). Also
in terms of gene expression signatures, right-sided tumors are more frequently BRAF-like (33) and a higher
percentage of CMS1 subtype (immune) was reported
(10). Even if a clear demonstration of the negative predictive role of microsatellite instability with regard to
anti-EGFRs has not been achieved, it seems biologically unlikely that the inhibition of a single pathway
(i.e. EGFR) may impair the growth of such a hypermutated and hypermutant disease. Indeed, the retrospective analysis of the CALGB80405 trial of doublet plus cetuximab versus doublet plus bevacizumab
showed a significant interaction effect between microsatellite status and treatment arm, with an apparent
benefit from bevacizumab in the small MSI-high subgroup independently of BRAF mutational status (34).
Also, in the PRESSING study microsatellite instable
tumors were found among resistant but not among
sensitive patients, and were frequently associated with
other genetic determinants of resistance, thus preventing from drawing any conclusion with regard to the
independent role of microsatellite instability (21).
In most clinical trials, right- and left-sided primary tumors are defined as those originating proximally
or distally to the splenic flexure, based on the different
embryological origin respectively from the midgut and
hindgut, as previously mentioned; however, increasing
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molecular evidences suggest that, rather than a simplistic dichotomic distinction, a continuum of genetic
characteristics and gene expression profiles can be described throughout different segments, from caecum
to extraperitoneal rectum (35). In particular, genetic
markers of primary resistance to anti-EGFRs and
gene expression profiles probably associated to limited
benefit from these drugs, are increasingly prevalent
from the rectum to the caecum. It is not completely
clear if tumors originating from the transverse colon
show more similarities with right- or left-sided ones,
so that they have been included among right-sided tumors in the vast majority of analyses, but they were
excluded by the post-hoc analysis of the phase III headto-head CALGB80405 trial (7). Signals of activity
of anti-EGFRs were reported in RAS and BRAF wt
metastatic transverse colon cancers in a retrospective
series of 17 patients heterogeneously treated with an
anti-EGFR in different lines of therapy and in combination with several different regimens (35).
Finally, with regard to immunological features,
right-sided tumors harbor more active immune cells,
able to promote an efficient immune response, when
compared with left-sided cancers that predominantly
host immunosuppressive cells. The population of commensal bacteria constituting gut microbiota is highly
different between right- and left-sided tumors both
quantitatively and qualitatively and this difference induces changes in the intestinal epithelial cells as well
as in the composition of the immune cell population
(36). While it is unknown whether these considerations may affect the different anti-EGFR sensitivity
of tumors originating from different segments of the
colon, they could be of special interest when evaluating
the efficacy of immunotherapy approaches.
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Summary. Recent advances in the treatment of metastatic colorectal cancer (mCRC) have significantly improved patient outcomes, exceeding a median overall survival of 30 months. The increased number of available agents and therapeutic options made the mCRC approach more vary and complex. In recent years, a
significant number of trials aimed to investigate the optimal treatment strategy. In opposition to the idea of
succeeding “lines” of therapy, the emerging role of “continuum of care” paradigm in our clinical practice now
represents a mainstay in chance and duration of patient survival, with less toxicity and a sustained quality of
life. This approach emphasizes a tailored treatment strategy, according to patient features (age, comorbidities,
preferences), tumor characteristics (overall tumor burden, pattern of metastatic spread, mutation signature,
sidedness), potential therapy adverse effects and goals of treatment. The current mCRC management provides
the use of maintenance therapy interspersed with more aggressive treatment protocols, stop and go treatment,
re-challenge and/or re-introduction of previously administered drugs, in order to to maximize benefit and
minimize toxicity of treatment. This review refers to available data about the new treatments in non-resectable
mCRC, with focus on recent evidences about molecularly targeted drugs administration, to identify the optimal sequential options and to evaluate the impact of these strategies on treatments efficacy.
Key words: maintenance, stop and go, rechallenge, metastatic colorectal cancer

1. Introduction
Worldwide, colorectal cancer (CRC) is the third
most common cancer in males and the second in females. With 1.4 million new cases and nearly 700,000
deaths reported in 2012, it represents the fourth leading cause of cancer-related deaths in adults (1-3).
However, CRC-related mortality declined progressively in the past decades, according to cancer screening programs, surgical technique improvements,
standardization in preoperative and postoperative care
and more-effective systemic therapies in early and
widespread disease (4).

Approximately 25% of CRC patients present metastases at first diagnosis, and 50% develop metastasis
after surgical treatment in early-localized disease, with
a poor 5-year survival rate (13%) (5). Recent advances
in the metastatic CRC (mCRC) treatment significantly improved patient outcomes with a median overall
survival (mOS) more than doubled in the last twenty
years, exceeding 30 months (6-8).
An increased number of available agents and
treatment options make mCRC therapeutic sequence
and strategy variable and complex. The combination of
fluoropyrimidines5-fluorouracil given with leucovorin
or oral capecitabine) with oxaliplatin and/or irinote-
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can (FOLFOX, FOLFIRI, XELOX, FOLFOXIRI)
and biologics still represents the upfront standard of
care. The exposure to all three cytotoxic agents (5-FU,
oxaliplatin and irinotecan) in various sequences may
result in the longest survival (5, 9-10)
Currently, their combination with new molecular targeted drugs represents the backbone of systemic
treatment of mCRC. In the up-front treatment, two
classes of biologic agents are available: vascular endothelial growth factor (VEGF) inhibitors (bevacizumab) or epithelial growth factor receptor (EGFR)
inhibitors (cetuximab or panitumumab). No validated
predictive molecular biomarkers for bevacizumab have
been developed, while mutations in RAS oncogenes
(KRAS, NRAS) result in constitutive activation of the
RAS-RAF-MEK-ERK pathway and resistance to anti-EGFR therapy. Whereas the strong prognostic role
of BRAFV600E mutation is well established, its predictive value remains controversial (6-8, 10-13).
In resistant and refractory mCRC, these agents
and other targeted therapies such as aflibercept
(VEGF inhibitors), regorafenib (receptor tyrosine kinase inhibitors), ramucirumab (anti VEGF receptor-2)
and drugs (trifluridine/tipiracil) have shown efficacy in
the second or further lines, used as monotherapy or in
combination with backbone chemotherapies (14-20).
Aims of systemic therapies in non curable mCRC
are to expand life expectancy, to alleviate tumor-related
symptoms and to improve the patients’ quality of life.
In recent years, the revolutionary concept of the
‘continuum of care’ has progressively substituted the
classic model of distinct ‘lines’ of chemotherapy (21).
This concept emphasizes an individualized treatment strategy, according to patient factors (eg, age,
comorbidities, preferences), tumor characteristics (eg,
overall tumor burden, pattern of metastatic spread,
mutation signature, sidedness), need for a rapid response, potential adverse therapy effects and goals of
treatment (5, 22).
The “continuum of care” might include periods
of maintenance therapy interspersed with more aggressive treatment protocols, stop and go treatment,
rechallenge and/or re-introduction of previously administered drugs.
Rechallenge is defined as re-administration of a
single agent or a combination that previously caused a
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resistance development in patient after an intervening
treatment. In contrast, re-introduction or stop and go
strategy is defined as treatment administration which
was discontinued without any evidence of tumor resistance, in order to avoid cumulative toxicities, keeping a good quality of life and tumor sensitivity (21, 23).
This review refers to available data about old and
new treatment strategies in non-resectable mCRC,
with focus on recent evidences in use of molecularly
targeted drugs, aiming to identify the optimal sequential options and the impact of these strategies on the
efficacy of treatments.

2. Maintenance and “stop and go” strategy
Despite significant progress, the optimal duration
of first line treatment remains a controversial issue. In
patients benefiting from standard induction treatment
, continuous long-term treatment is inevitably associated with side effects and carries a risk of development of drug resistance. Different strategies to limit
the treatment toxicity have been evaluated in several
recent studies, including de-intensification strategy
and ‘stop and go’ approach.
The “Stop and Go” strategy provides the intermittent use of drugs. Generally, it involves an induction treatment period ( with chemotherapy and with
or without a biologic agent) followed by a complete
treatment discontinuation (drugs have to be stopped
without any evidence of disease progression), followed
by reintroduction of the induction treatment at some
point. Inversely, maintenance strategy is defined as a
continuous use of low-toxic drugs after up-front induction treatment. As a rule the reintroduction of the induction treatment is planned at evidence of progression
disease during the treatment-free period. Intermittent
or maintenance therapy aims to reduce side effects and
improve patients’ quality of life (QoL) without reducing survival. They are fundamental components of “continuum of care” strategy in mCRC patients (24-25).
Recently, a significant number of trials were effort to investigated de-intensification and intermittent strategy role in management of widespread CRC.
Furthermore, it remains unclear the selection of candidates, regimens, and timing.
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The main studies that initially evaluated maintenance strategy were OPTIMOX1 and OPTIMOX2
supported by the French group GERCOR. OPTIMOX1 is a phase III randomized study that enrolled
620 previously untreated mCRC patients. They were
randomly assigned to either FOLFOX4 administered
every 2 weeks until progression (arm A) or FOLFOX7
for six cycles, then maintenance without oxaliplatin for
12 cycles, and reintroduction of FOLFOX7 (arm B).
Median progression-free survival (mPFS) and overall
survival (mOS), in both arms, do not differ statistically
significantly. A decreased incidence of toxicity was ob-

served in the maintenance arm with grade 3 sensory
neuropathy reported in 17.9% of the patients in arm A
and in 13.3% of patients in arm B (26, 27).
In the large randomized phase II study OPTIMOX2, the OPTIMOX-1 intermittent oxaliplatin
strategy was compared with a complete chemotherapy-free interval strategy. Two hundred two untreated
mCRC patients were randomly assigned to receive six
cycles of modified FOLFOX7 (mFOLFOX7) followed
by simplified leucovorin plus bolus and infusional-fluorouracil until progression (arm 1 or maintenance arm)
or six cycles of mFOLFOX7 before a complete stop

Table 1. Clinical trial evaluated the role of “stop and go” and maintenance strategy with chemotherapy
Samples

Outcomes

Conclusions

mPFS: 9 vs 8,7 m
mOS: 19,3 vs 21,1 m
p= not significant

Oxaliplatin can be
safely stopped after six
cycles in a FOLFOX
regimen

202

mDDC: 13,1 vs 9,2 m
mPFS: 8,6 vs 6,6 m
mOS: 23,8 vs 19,5 m

“Stop and go” had
a negative impact
on DDC and PFS
compared with the
maintenance strategy

Arm A: FOLFIRI for 2 months,
stop therapy until PD
Arm B: FOLFIRI until PD

337

mOS: 18 vs 17 m
mPFS: 6 m in both

Intermittent therapy
was not inferior to
continuous treatment

Phase III

Arm A: FOLFOX until PD
Arm B: FOLFOX cetuximab until
PD
Arm C: FOLFOX for 12 weeks,
stop therapy until PD then
reintroduction

1630

mOS: 19,6 (arm A) vs
18 (arm C) m

Intermittent treatment
may be the treatment
option for selected
patients

Phase II

mFOLFOX6 for 6 cycles,
maintenance with S1 for 4 cycles or
PD, reintroduction of mFOLFOX6

30

DDC: 9,3 m
mPFS: 7,9 m

Oxaliplatin stop and
go strategy with S-1
maintenance therapy
was feasible

Study

Clinical
trials

Treatment arms

OPTIMOX1
(26-27)
Tournigand C et
al. 2006

Phase III

620
Arm A: FOLFOX4 until PD
Arm B: FOLFOX7 for 6 cycles,
followed by LV5FU for 12, followed
by FOLFOX7 until PD

OPTIMOX2
(28-29)
Chibaudel B et al.
2009

Phase II

Arm A: FOLFOX7 for 6 cycles,
maintenance with LV5FU until
PD, reintroduction of FOLFOX7
until PD
Arm B: FOLFOX7 for 6
cycles, stop therapy until PD,
reintroduction of FOLFOX7 until
PD

GISCAD trial
(30)
Labianca R et al.
2011

Phase III

MRC COIN
(31-32)
Adams RA et al
(2011)

CC0G-0704 (33)
Nakayama G et
al. 2011

Abbreviation: PD progression disease, mPFS=median progression free survival, mOS=median progression free survival,
mDDC= median duration of disease control
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of chemotherapy (arm 2 or chemotherapy-free interval [CFI] arm). Reintroduction of mFOLFOX7 was
scheduled after tumor progression in both arms. The
results of study showed a median duration of disease
control (mDDC) of 13.1 months for the maintenance
arm and 9.2 months for chemotherapy-free interval
arm. Furthermore, PFS was significantly prolonged in
the maintenance arm as compared with the CFI arm
(respectively 8.6 and 6.6 months; p=0.017) but there
was no significant difference in OS (23.8 months, in
the Arm-1 vs 19.5 months, in the Arm-2; p=0.42).
The study demonstrates as the complete interruption
of chemotherapy had a negative impact on DDC and
PFS if compared a maintenance therapy. (28,29)
Different results from the trial of Italian GISCAD
group that evaluated intermittent therapy efficacy with
FOLFIRI, if compared to the same regimen without
interruptions. Three hundred thirty-seven untreated
mCRC patients were randomised to receive FOLFIRI
administered for 2 months, followed by 2 months off
[Arm A], or FOLFIRI without interruption [Arm B],
until progression in both arms. After a median followup of 41 months, mOS (18 months in arm A and 17
months in arm B) and mPFS (6 months in both) were
similar in the two groups, as the grades 3-4 of toxicity, showing that the interruption of chemotherapy did
not reduces the efficacy of treatment (30).
The MRC COIN study was a randomized, phase
III trial that enrolled 2,445 patients with previously
untreated mCRC. Patients received either continuous
oxaliplatin and fluoropyrimidine combination (arm
A), continuous chemotherapy plus cetuximab (arm
B), or intermittent chemotherapy (arm C). In the two
arms with non-stop treatment [arm A-B], the patients
continued until disease progression, severe toxicity or
withdrawal of consent. In arm C, patients who had not
progressed at their 12-week scan started a chemotherapy-free interval until evidence of disease progression,
when the same treatment was restarted. The trial was
powered for non-inferiority. Median survival was not
significantly better in the continuous arm (19.6 versus
18 months; hazard ratio [HR] 1.087, 95% CI 0.9861.198) and toxicity was lower in the patients with the
intermittent treatment. However, these data mandate
caution and both careful patient selection and vigilant
patient monitoring (31-32).
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Interesting data from the Japanese study CCOG0704, that, with a small cohort of thirty patients,
evaluated validity of a maintenance strategy with S-1.
The therapeutic scheme provided six cycles of mFOLFOX6 followed by maintenance with oral S-1, then
reintroduction of mFOLFOX6 after 4 cycles of S-1
or upon tumor progression. Median DDC and mPFS
were 9.3 and 7.9 months, respectively. Twenty-eight
patients (93.3%) had peripheral neuropathy, but grade
3 neurotoxicity was observed in only 1 patient (3.3%)
(33).
2.1 Biologic agents in maintenance strategy: bevacizumab
Numerous trials investigated the role of target
therapies in maintenance strategy. Bevacizumab is a
humanized monoclonal antibody, inhibiting vascular
endothelial growth factor-A (VEGF-A), that showed
an improvement in progression free-survival and overall survival when combined with chemotherapy for
treatment of mCRC. Nowadays there are many evidences supporting its use as the maintenance therapy,
after induction chemotherapy and in a condition of
stable disease.
In the Spanish MACRO trial mCRC patients
after 6 cycles of first-line XELOX and bevacizumab
were randomized to receive the same therapy until
progression or unacceptable toxicity (arm A) or bevacizumab maintenance therapy (arm B). Median PFS
was similar among two arms (10.3 vs 9.7 months; HR:
1.10). Bevacizumab alone group had less neuropathy
(8% vs 26%, P<0.0001), Despite mOS slightly favored
the continuous arm group (23.2 months in the continuous arm vs 20.0 months in the bevacizumab arm, HR
1.05, 95% CI 0.85-1.30, P=0.65), Authors concluded
the single agent bevacizumab may be considered as
maintenance therapy option (34)
The CONcePT study compared the administration of intermittent versus continuous oxaliplatin in the
FOLFOX plus bevacizumab regimen. Metastatic CRC
patients were randomized to receive mFOLFOX7 until progression (arm CO) or alternated mFOLFOX7
for 8 cycles, followed by 8 cycles of maintenance with
LV5FU2 plus bevacizumab (arm IO). Time to treatment failure (5.6 vs. 4.2 months; HR, 0.58) and PFS
(12 vs. 7,5 months; HR, 0.53) were inferior in the con-
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Table 2. Clinical trial evaluated the role of bevacizumab as maintenance therapy
Study

Clinical
trials

Treatment arms

Samples

Outcomes

Conclusions

MACRO TTD
(34)
Diaz-Rubio E et
al. 2012

Phase III

Arm A: XELOX bevacixumab
until PD
Arm B: XELOX bevacizumab
for 6 cycles, maintenance with
bevacizumab until PD

480

mPFS: 10,3 vs 9,7 m
mOS: 23,2 vs 20 m

Maintenance therapy
with single-agent
bevacizumab may be
an appropriate option
following induction
with XELOX
bevacizumab

CONcePT (35)
Hochster HS et
al. 2014

Phase III

Arm A: mFOLFOX7
bevacizumab for 8 cycles, LV5FU
plus bevacizumab for 8 cycles
Arm B: mFOLFOX7 until PD

140

mTTF: 5,6 vs 4,2 m
mPFS: 12 vs 7,5 m

Intermittent therapy
had a significant
benefit than
continuous oxaliplatin

Turkish trial (36)
Yalcin S et al.
2013

Phase III

Arm A: XELOX plus bevacizumab
until PD
Arm B: XELOX plus bevacizumab
for 6 cycles, bevacizumab plus
capecitabine until PD

133

mPFS: 11 vs 8,3 m
mOS: 23,8 vs 20,2 m

Maintenance therapy
with bevacizumab
plus capecitabine
can be considered an
appropriate option

CAIRO 3 (37)
Simkens LH et
al. 2015

Phase III

Arm A: CAPOX bevacizumab for
6 cycles, stop therapy until PD,
reintroduction CAPOX-B
Arm B: CAPOX bevacizumab for
6 cycles, capecitabine bevacizumab
as maintenance until PD,
reintroduction CAPOX-B

558

mPFS2: 8,5 vs 11,7 m
mOS 22,4 vs 25, 9 m

Maintenance therapy
with capecitabine
bevacizumab is
effective

SWSSAKK41/06(38)
Koeberle Det al.
2015

Phase III

Arm A: chemotherapy plus
bevacizumab for 4-6 cycles, stop
therapy until PD
Arm B: chemotherapy plus
bevacizumab for 4-6 cycles,
maintenance with bevacizumab
until PD

262

mTTP: 2,9 vs 4,1 m
mOS: 23,8 vs 25,4 m

Non-inferiority could
not be demonstrated
for “stop and go”
approach.

AIO KRK 0207
(39)
HegewischBecker S et al.
2015

Phase III

Arm A: FOLFOX/XELOX
bevacizumab for 24 weeks,
fluoropyrimidine plus bevacizumab
until PD
Arm B: FOLFOX/XELOX
bevacizumab for 24 weeks,
bevacizumab until PD
FOLFOX/XELOX bevacizumab
for 24 weeks, stop therapy until
PD

472

mTTF: 6,9 vs 6,1 vs
6,4 m
mPFS: 6,3 vs 4,6 vs
3,5 m

Maintenance
with bevacizumab
fluoropyrimidine may
be a preferable option

PRODIGE 9
(40)
Aparicio T et al
2018

Phase III

Arm A: FOLFIRI bevacizumab
for 12 cycle, maintenance with
bevacizumab until PD
Arm B: FOLFIRI bevacizumab
for 12 cycle, observation until PD

494

mOS: 21,7 vs 22 m
mPFS: 9,9 vs 9,5 m
mTCD: 17,8 vs 23,3 m
mCFI: 4,3 m in both
arms

Bevacizumab
maintenance as single
agent did not improve
outcomes
(continued)
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Table 2 (continued). Clinical trial evaluated the role of bevacizumab as maintenance therapy
Study

Clinical
trials

Treatment arms

Samples

Outcomes

Conclusions

OPTIMOX 3
(41)
Tournigand C. et
al 2015

Phase III

Arm A: chemotherapy plus
bevacizumab, bevacizumab as
maintenance until PD
Arm B: chemotherapy plus
bevacizumab, bevacizumab plus
erlotinib as maintenance until PD

700

mPFS: 4,9 vs 5,4 m
mOS: 22,1 vs 24,9 m

Bevacizumab plus
erlotibnib might be
a new maintenance
option

Abbreviation: PD progression disease, mPFS= median progression free survival, mOS=median progression free survival, mTTF= median
time to failure, mTCD= median tumor control duration

tinuous administration, suggesting that depotentiated
treatment schedule may provide better outcomes. (35)
Interestingly, data from the multi-centre, Turkish,
phase III trial presented in 2013 by Yalcin et al. that
randomized 123 mCRC patients to received either
bevacizumab + XELOX until disease progression (arm
A) or the same schedule bevacizumab+ XELOX for
6 cycles followed by bevacizumab + capecitabine until
disease progression (arm B). In arm B mPFS was significantly longer than in arm A (11.0 months [arm B]
vs. 8.3 months [arm A]; p=0.002) without significant
difference for ORR (66.7% [arm B] vs. 59.0% [arm
A]; p=0.861) or median OS (23.8 months [arm B] vs.
20.2 months [arm A]; p=0.100). Tolerability was acceptable in both arms (36).
More recently, the phase III randomized Dutch
CAIRO3 study enrolled 558 patients with mCRC,
treated with six cycles of bevacizumab + XELOX (CAPOX-B) as induction treatment. Patients with stable
disease or response were randomized into two arms:
observation [Arm-A], maintenance with Capecitabine
and Bevacizumab [Arm-B]. CAPOX-B had to be reintroduced to first progression (PFS1), in both arms
and, had to be continued until the second progression (PFS2). At a median follow-up of 48 months,
maintenance arm was associated with significantly
longer PFS2 (11.7 vs 8.5 month; HR 0.67, 95% CI
0.56-0.81, p<0·0001). Furthermore, there was a trend
forward improved mOS in maintenance arm: 25.9
months (23.7-28.4) in the maintenance arm (HR 0.89,
p=0.22) versus 22.4 months (95% CI 20.8-24.9) in the
observation arm. However, adverse events of grades
3-4 occurred most frequently in the maintenance arm

than in the observation arm, especially hand-foot skin
reaction and sensory neuropathy (37).
Similarly, a smaller non-inferiority phase 3 European study, the SWS-SAKK41/06 trial, compared
maintenance bevacizumab versus observation in 262
mCRC patients after 4 to 6 months of standard firstline chemotherapy plus bevacizumab. After a median
follow-up of 30.1 months, the median time to progression for patients who received bevacizumab was 4.1
months (95% CI, 3.1-5.4) versus 2.9 months (95% CI,
2.8-3.8) for those enrolled into the observation arm
(HR, 0.74; 95% CI, 0.57-0.95; P ¼ .47). Likewise,
there was no difference in mOS between trial arms
(25.1 vs. 22.8 months; HR, 0.83; 95% CI, 0.61-1.12;
P=0.218) (38).
In 2017 were presented data from the randomized, non-inferiority, open label phase III trial AIO
KRK 0207, that investigated the maintenance strategies after 24 weeks of induction therapy (FOLFOX/
XELOX plus bevacizumab). Patients were randomized
to maintenance treatment with a fluoropyrimidine
plus bevacizumab, bevacizumab alone or no treatment.
Median time to failure of strategy (mTTF, primary
endpoint) was 6.9 months (95% CI 6,1-8,5) for the
fluoropyrimidine plus bevacizumab group, 6,1 months
(5,3-7,4) for the bevacizumab alone group, and 6,4
months (4,8-7,6) for the no treatment group. Bevacizumab alone was non-inferior to fluoropyrimidine plus
bevacizumab (HR=1.08, 95% CI=0.85-1.37, P=.53;
upper limit of one-sided 99.8% CI=1.42); whereas no
treatment was not non-inferior to fluoropyrimidine/
bevacizumab (HR=1.26, 95% CI=0.99-1.60, P=.056;
upper limit of one-sided 99.8% CI=1.65). To notice
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that reinduction after first progression was performed
in only 36% of patients (19% of the fluoropyrimidine/
bevacizumab group, 43% of the bevacizumab-alone
group, and 46% of the no-treatment group), deeming the primary endpoint non-informative and clinically irrelevant. However, mPFS was 6.3 months in
the fluoropyrimidine/bevacizumab group, 4.6 months
in the bevacizumab-alone group, and 3.5 months in
the no-treatment group (P<.0001). Therefore, the authors suggested that although the maintenance therapy with bevacizumab alone was non-inferior compared
with fluoropyrimidine/bevacizumab , the maintenance
treatment with the latter may be a preferable option
for patients following an induction treatment with a
fluoropyrimidine, oxaliplatin and bevacizumab (39).
Different was the data from randomized phase
III PRODIGE9 trial, recently published in Journal of
Clinical Oncology. The aim of the study was to compare the tumor control duration (TCD) by either bevacizumab maintenance or no treatment during a chemotherapy-free interval after induction chemotherapy (12
cycle of FOLFIRI + bevacizumab). The median TCD
(mTCD) was 15 months in both groups; the mPFS
was 9.2 and 8.9 months in the maintenance group and
observation groups, respectively. The mOS was 21.7
and 22.0 months in the maintenance and observation
groups, respectively. In this study the maintenance with
bevacizumab alone was not efficacious (40).
Another study by French Group GERCOR
(GERCOR DREAM, OPTIMOX3) analysed the
synergistic combination of erlotinib and bevacizumab as maintenance therapy. Metastatic CRC patients
without disease progression after bevacizumab-based
induction therapy were randomized to receive maintenance treatment with bevacizumab alone or bevacizumab + erlotinib. In the final analysis, mPFS was
5.4 months (95% CI 4.3-6.2) in the bevacizumab plus
erlotinib group compared with 4.9 months (4.1-5.7)
in the bevacizumab group (stratified HR 0.81 [95%
CI 0,66-1,01], p=0.059; unstratified HR 0.78 [0.680.96], p=0.019). Median OS from maintenance was
24.9 months (95% CI 21,4-28,9) in the bevacizumab plus erlotinib group and 22,1 months (19,6-26,7)
in the bevacizumab group (stratified HR 0,79 [95%
CI 0·63-0·99], p=0·036; unstratified HR 0·79 [0·640·98], p=0·035). Although prolonging median PFS,
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maintenance treatment with bevacizumab + erlotinib
did not affect overall survival (41).
Furthermore, some meta-analysis of randomized
trials of continuous versus intermittent therapy might
help us to identify better strategies.
A meta-analysis of 2015, by S.R. Berry et al,
analyses 11 randomized controlled trials (from 2000
to 2014), with a total number of 4,854 patients. This
extensive study compared continuous strategy against
variety of intermittent strategy. After induction therapy patients received: none (five trials, n=3,036), fluoropyrimidine (two trial, n=820), biologic agent (two
trials, n=852), fluoropyrimidine plus biologic agent
(one trial, n=123). There were no statistically significant survival differences between the different strategies [HR=1.03, 95% CI 0.96-1.10, P=0.38)]. One
subgroup analysis of the three trials (CAIRO3, OPTIMOX2, MRC COIN, n=2,403) suggested that a
complete chemotherapy stop (with or without biologics) might be associated with an inferior outcome,
revealing a statistically, but non-clinically significant
benefit for continuous treatment (42).
The individual meta-analysis of two phase 3 trials
(CAIRO3 and AIO KRK 0207) of Goey et al. aims to
identify which subgroup of patient could benefit more
from maintenance treatment or observation. In the
study was investigated if treatment effect was modified
by sex, age, performance status, response to induction
treatment, primary tumor location, number of metastatic sites, disease stage and primary tumor resection,
serum LDH, platelet count, CEA and RAS/BRAF
mutation status. Primary endpoint was time to second
progression after reintroduction of induction regimen
(PFS2). Secondary endpoints were PFS1 and OS. At a
median follow-up of 68.5 months, maintenance treatment was more effective compared with observation in
all patients and no clinically relevant subgroup effects
were observed (43).
The meta-analysis of Stein et al. selected three
trials (CAIRO3, SAKK 41/06 and AIO KRK 0207)
and analyzed the PFS and OS of maintenance therapy compared with observation alone and different
maintenance intensities (bevacizumab with or without
fluoropyrimidine). The study suggests that bevacizumab-based maintenance therapy, after induction chemotherapy plus bevacizumab, significantly improves PFS
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and shows a trend toward prolonged OS. The analysis suggests that the effect on PFS increased with the
intensity of maintenance regimen (HR, 0.72; 95% CI,
0.60-0.85 for single-agent bevacizumab vs. HR, 0.45;
95%, CI 0.39-0.51 for combination therapy, both compared to observation alone). A similarly improved PFS
(HR, 0.63; 95% CI, 0.50-0.79) was shown for the more
intensive maintenance therapy (bevacizumab and fluoropyrimidine) compared with bevacizumab alone (44).
Overall, a maintenance strategy appears to be
preferable to continuous treatment in palliative setting,
to reduce toxicity and improve quality of life. These
studies underline the role of maintenance therapy with
a fluoropyrimidine and bevacizumab following induction therapy, while bevacizumab alone does not seem
to be an optimal maintenance option. “Drug holiday”
remains a reasonable alternative to continuous administration to accommodate selected patient requests
(eg. indolent disease). In this strategy, a vigilant patient monitoring is mandatory to reinstate the therapy
promptly at disease progression.
The accurate selection criteria research might be a
focus of future exploration to identify patient that can
achieve the best benefits from maintenance or stop and
go therapy.
2.2 Biologic agents in maintenance strategy: anti-EGFR
Cetuximab and panitumumab target the extracellular domain of EGFR, to inhibit cell proliferation
and promote tumor apoptosis in RAS wild-type patient (45), but may potentially cause acquired resistance after prolonged drug exposure and a long lasting
exposure may cause toxicity concerns (46).
Recent studies have tested EGFR inhibition as
planned maintenance treatment.
The NORDIC-VII, multicenter phase III trial,
enrolled 566 patients with untreated mCRC unselected for RAS. These patients were randomized to receive
standard Nordic FLOX [arm A], Cetuximab plus
FLOX [arm B], or Cetuximab combined with intermittent FLOX [arm C]. In arms A and B, chemotherapy was continued until severe toxicity or progressive
disease. In arm C, FLOX was stopped after 16 weeks
of treatment and patients with objective response or
stable disease continued cetuximab as maintenance.
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After a first progression disease in arm C, FLOX was
reintroduced with cetuximab until severe toxicity or a
new disease progression. Median PFS and OS were
similar for the three groups (7.9 and 20.4 months in
the arm A, 8.3, and 19.7 months in the arm B, 7.3 and
20.3 months in the arm C) with confirmed response
rates of 41%, 49% and 47%, respectively. Cetuximab
added no significant benefit to FLOX chemotherapy
(47, 48).
Similarly, the COIN-B, an open-label, multicentre, randomized, exploratory phase II trial, randomized 401 mCRC patients to intermittent chemotherapy (FOLFOX) plus intermittent cetuximab or to
intermittent chemotherapy (FOLFOX) plus continuous cetuximab. In the 169 patients with Kras WT no
significant difference was observed between the two
different strategies , resulting the failure-free survival (FFS) at 10 months, the primary end point of
the study, of 50 % and 52% in the intermittent and
continuos group, respectively. However, although not
statistically compared, maintenance cetuximab with
intermittent chemotherapy seemed to be slightly more
active than intermittent cetuximab and chemotherapy
(median FFS 12.2 months, 95% CI 8.8-15.6 vs 14.3
months, 95% CI 10.7-20.4) (49).
The phase II MACRO-2 trial randomized 193
patients with KRAS (exon 2 only) WT tumors to
receive FOLFOX plus cetuximab for four months,
followed by either continued therapy or cetuximab
monotherapy alone. PFS at 9 months showed noninferiority of maintenance with single agent cetuximab compared with mFOLFOX+cetuximab treatment continuation (Arm-A/Arm-B: 60%[52, 69] vs
72% [61, 83] p [non-inferiority]<0.1 HR 0.60, 95%
CI 0.31-1.15). Cetuximab alone seems to achieve
similar benefits with fewer side effects compared with
mFOLFOX plus cetuximab (50).
More recently, preliminary data from the VALENTINO phase II study were presented at ASCO
Annual Meeting 2018. The aim of this trial was to
compare the maintenance treatment with panitumumab alone versus 5FU/leucovorin + panitumumab following 8 cycles of induction chemotherapy FOLFOX
plus panitumumab in patients with disease control.
The study demonstrates that the maintenance treatment with 5FU/leucovorin + panitumumab is superior
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Table 3. Clinical trial evaluated the role of anti-EGFR therapy as maintenance therapy
Outcomes

Conclusions

566
Arm A: FLOX until PD
Arm B: FLOX plus cetuximab until
PD
Arm C: FLOX plus cetuximab for
16 weeks, cetuximab as maintenance
until PD, reintroduction of FLOX
cetuximab

mPFS : 7,9 vs 8,3 vs 7,3
mOS: 20,4 vs 19, 7 vs
20,3
RR: 41% vs 49% vs 47%

Cetuximab had not
significant benefit for
FLOX chemotherapy
neither continuous nor
discontinuouos

Phase II

Arm A: FOLFOX cetuximab for 12 401
weeks, observation until PD
Arm B: FOLFOX cetuximab for 12
weeks, cetuximab as maintenance
until PD

10 months FFS: 50%
vs 52%
mFFS: 12,2 vs 14,3 m

Maintenance
cetuximab seemed to
be slightly more active
then intermittent
cetuximab

MACRO-2 (50)
Aranda E et al.
(2018)

Phase II

Arm A: FOLFOX cetuximab until
PD
Arm B: FOLFOX cetuximab for 4
months, cetuximab as maintenance
until PD

193

9 months PFS: 60% vs
72%

Cetuximab single
agent seems to achieve
similar benefits
compared with
chemotherapy plus
cetuximab

VALENTINO
(51)
Pietrantonio F et
al (2018)

Phase II

Arm A: FOLFOX plus
panitumumab for 8 cycles,
panitumumab single agent until PD
Arm B: FOLFOX plus
panitumumab for 8 cycles,
panitumumab plus FL5FU until
PD

229

10 months PFS: 52,8 %
vs 62,8%
mPFS: 10,2 vs13,0
ORR: 66,6% vs 67%

Maintenance with
panitumumab alone
achieves inferior PFS
then LV5FU/pan

Study

Clinical
trials

Treatment arms

NORDIC-VII
(47-48)
Tveit K et al 2012

Phase III

COIN-B (49)
Wasan H et al
2014

Samples

Abbreviation: PD progression disease, mPFS=median progression free survival, mOS=median progression free survival, RR=response
rate; ORR= overall response rate.

than the mono-therapy with panitumumab: respectively 10 months PFS was 63 % versus 53% (51).
Ongoing the ERMES study, a multicentric, noninferiority phase III randomized trial. Patients with
RAS and BRAF wt unresectable mCRC will be randomized to receive either first-line treatment with FOLFIRI + cetuximab until disease progression (or unacceptable toxicity) or FOLFIRI + cetuximab for eight
cycles followed by cetuximab alone until disease (52).

therapy regimens, in combination with antiangiogenics or EGFR-inhibitors (in RAS wild type tumor),
treatment options include single agents such as trifluridina/tipiracil and regorafenib (53-54). In recent
years, a growing number of patients exhaust standard
treatment options, maintaining a good performance
status. In this setting a clinical option could be rechallenge after recurrence or progression of disease (55).
3.1 Rechallenge with oxaliplatin

3. Rechallenge
In mCRC patients previously treated with fluoropyrimidine, oxaliplatin and irinotecan-based chemo-

The phase II study “rE-OPEN” by Suenaga M et
al, published in 2015, evaluated the efficacy of rechallenge with oxaliplatin in 33 patients who had already
received the same regimen, reaching a response or dis-
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Table 4. Clinical trial evaluated the role of rechallenge therapy
Study

Clinical trials

Treatment arms

Samples Outcomes

Re-OPEN (56)
Suenaga M et al
2015

Phase II

Rechallenge with oxaliplatin

33

DCR: 39,4%
RR: 6,1%
mPFS: 98 days
mOS: 300 days

Rechallenge with
oxaliplatin can be safe and
effective

ORION (57)
Matsuda C et al
2016

Phase II

Arm A: XELOX q21
Arm B: XELOX q14

46

DCR: 66%
mTTF: 3,4 m in both
arms
mPFS: 4,3 vs 3,3 m
mOS: 12,1 vs 9,2 m

Rechallenge with oxaliplatin
can be a promising option

REOX (58)
Costa T et al
2017

Retrospective

Rechallenge with oxaliplatin

83

TTF: 6,04 m
mOS: 10,04 m
DCC: 56,6%

Rechallenge with
oxaliplatin might be an
effective treatment

Qiong Yang et al
2018 (59)

Retrospective

Rechallenge with oxaliplatin
vs Control gam: irintecan
plus antiEGFR

95 + 29

TTF: 3,67 vs 4,73
mOS:12,17 vs 11,37

Rechallenge with
oxaliplatin may lead to
tumor control

Gebbia V et al
2006 (60)

Retrospective

Rechallenge with irinotecan
plus cetuximab

60

PR: 20%
mPFS: 3,1 m
mOS: 6 m

Rechallenge with irinotecan
is feasibility

Fernandes GDS
et al 2017 (61)

Retrospective

FOLFOXIRI and
FOLFIRINOX

21

mTDP: 4,0 m
mOS: 8,6 m

Rehallenge option are active
and potentially feasibily

Chaix M et al
2014 (62)

Phase II

FOLFIRINOX
bevacizumab

49

mOS: 11,9
mPFS: 5,8 m

Bevacizumab +
FOLFIRINOX may be
active in mCRC patients
after failure of classical lines
of chemotherapy

Santini D et al
2012 (63)

Phase II

Rechallenge with cetuximab
plus irinotecan based
therapy

39

ORR: 53,8%
mPFS: 6,6 m

Rechallenge with cetuximab
may achieve a important
clinical benefit, dallying the
progression of disease

Liu et al 2015
(64)

Phase I/II

Rechallenge with cetuximab
or cetuximab plus erlotinib

76

mPFS: 4,9 m

Clinical impact of
Rechallenge with cetuximab
appears less robust than
previously reported

Tsuji et al 2018
(65)

Phase II

Rechallenge with Irinotecan
panitumumab

25

3 months PFR: 54,2%
mPFS: 3,8 m
mOS: 8,9 m
ORR: 8,3%
DCR: 50%

Panitumumab rechallenge
may be clinically
beneficial treatment before
regorafenib and trifluridine/
tipiracil

CRICKET (6667)
Rossini D et al
2018

Phase II

Rechallenge with irinotecan
cetuximab

28

RR: 21,4%
DCR: 53,6%

Rechallenge with irinotacen
plus cetuximab is active in
some RAS WT e BRAF
WT mCRC patients

Conclusions

Abbreviation: PD progression disease, PR=partial response; mPFS=median progression free survival, mOS=median progression free
survival, RR=response rate; ORR=overall response rate, DCR=disease control rate, TTF=time to failure, mTDP=median time to disease
progression; 3-months PFR=3 months progression free rate
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ease stability and subsequently with documented progression disease. In patients receiving FOLFOX, after
12 weeks of treatment, the disease control rate (DCR)
was 39.4% (95% confidence interval 21.8-57.0) and
the response rate (RR) was 6.1%. These data demonstrate that re-challenge with oxaliplatin can be both
safe and effective (56).
ORION, a multicenter randomized phase II trial,
investigated the different efficacy of the dose dense
capecitabine and oxaliplatin (XELOX) according to
two different treatment schedules, in 46 patients pretreated with oxaliplatin, to rechallenge as a third or
later treatment line for metastatic disease.
No differences between the two groups were reported in terms of efficacy and safety. However, the
disease control rate for patients was 66% (57).
The REOX trial, a retrospective study by Costa
T et al, also evaluated the rechallenge with oxaliplatin. The study enrolled 83 mCRC patients previously
treated with oxaliplatin. The primary endpoint was
time to treatment failure (TTF): the median TTF was
6.04 months. Overall survival was 10.04 months. The
disease control rate was 56.6% with 42.2% of progression (58).
A retrospective study compared the efficacy of the
rechallenge with oxaliplatin-based regimens in 95 patients with that of an irinotecan-based regimen. The
median TTF and OS was 3.67 and 12.17 months respectively in the oxaliplatin arm; 4.73 months of TTF
and 11.37 months of OS in the control arm. There was
no meaning between the 2 arms (p.0.05), but multivariate analysis found that patients who achieved disease
control by oxaliplatin re-exposure had a superior TTF
(6.13 vs 1.7 months, p? 0.001) and OS (15.73 vs 6.27
months, p ? 0.001) compared with those with progressive disease (59)

molecules. The study highlighted a partial response
in 12 patients (20%) with a median duration of 5.1
months. The tumor growth control rate was 50%. The
mPFS was 3.1 months, and the mOS was 6 months
(60).
A retrospective study by G. Dos Santos Fernandes
et al evaluated the efficacy of rechallenge therapy in 21
patients with a combination of oxaliplatin, irinotecan
and 5-fluorouracil. Patients received both FOLFOXIRI and FOLFIRINOX; they were previously treated
with the same chemotherapy regimen associated with
anti-VEGF or anti-EGFR. The response rate was 38%
with 24% of disease stability. The median time to disease progression was 4.0 months and the mOS was 8.6
months. This demonstrated that both FOLFIRINOX
and FOLFOXIRI are active as rechallenge treatments
in heavily pretreated patients (61).

3.2 Rechallenge with irinotecan

The role played by the anti-EGFR monoclonal
antibodies re-challenge in therapeutic regimens of patients previously treated with the same antibody have
drawn much attention in recent years.
In fact, there exists clinical evidence for the feasibility of cetuximab rechallenge in patients with KRAS
WT mCRC, previously progressed on first line antiEGFR therapy, and who have received at least one line
of additional non-anti-EGFR therapy.

The rechallenge with regimens containing irinotecan was evaluated in two studies.
A retrospective study conducted by Gebbia V et
al, published in 2006, evaluated the efficacy and safety
of the irinotecan-cetuximab association as a third or
fourth line of therapy in 60 mCRC patients who had
previously progressed during treatment with the same

3.3 Rechallange with bevacizumab
The rechallenge with bevacizumab is investigational. A recent trial included 49 patients, previously
treated with at least two systemic chemotherapy lines,
including fluoropyrimidine, oxaliplatin, irinotecan,
bevacizumab or anti-EGFR and subsequently undergoing progression disease. At disease progression, they
started therapy with FOLFIRINOX + bevacizumab.
After a median follow up of 12 months, mOS was 11.9
months (95% CI 8-18) and mPFS was 5.8 months
(95% CI 3.4-6.8). The response rate was evaluable for
36 patients, with 18% (95% CI 8-35)of partial or complete response, 45% (95% CI 28-68) of stable disease
of more than 2 months, and 37% (95% CI 21-58) of
progression disease(62).
3.4 Rechallenge with anti-EGFR
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In a multicenter prospective phase II study, Santini et al investigated the efficacy of a rechallenge
with cetuximab-based therapy. They enrolled 39 patients, previously treated with a first line therapy with
irinotecan cetuximab, and obtaining a clinical benefit.
After disease progression they were treated with a second line therapy and after a new demonstrated progression, they re-start cetuximab-irinotecan regimen.
Overall response rate was 53.8% with 19 PR (48.7%)
and 2 CR (5.1%); SD was obtained in 35.9% of patients and PD in 4 patients (10.2%). Median PFS was
6.6 months (63).
Another retrospective study by Liu et al., published in 2015, evaluated the efficacy of rechallenge
with anti EGFR. Eightynine patients with KRAS
WT mCRC, after a median of 4.57 months of treatment break from anti-EGFR therapy, were enrolled
to receive cetuximab alone (n=76) or in combination
with erlotinib (n=13). Patients who responded to the
prior cetuximab or panitumumab were more likely to
obtain clinical benefit to the retreatment compared to
the non-responders in both univariate (p=0.007) and
multivariate analyses (OR: 3.38, 9 % CI: 1.27, 9.31,
p=0.019). Median PFS on retreatment was increased
in prior responders (4.9 months, 95% CI: 3.6, 6.2)
compared to prior non-responders (2.5 months, 95%
CI, 1.58, 3.42) in univariate (p=0.064) and multivariate analysis (HR: 0.70, 95% CI: 0.43-1.15, p=0.156)
(64).
More recently, a multicenter phase II prospective study by A Tsuji et al., published in June 2018,
investigated panitumumab rechallenge in 25 patients
with wtKRAS mCRC who achieved a clinical benefit
by the first-line panitumumab plus chemotherapy. Patients received irinotecan combined with panitumumab. The 3-month progression-free rate of 54.2% (95%
confidence interval: 34.2-74.1) met the primary endpoint, with a mPFS of 3.8 months and an mOS of 8.9
months. The overall response rate and disease-control
rate were 8.3% and 50.0%, respectively (65).
CRICKET (Cetuximab Rechallenge in Irinotecan-pretreated mCRC, KRAS, NRAS and BRAF
Wild-type Treated in 1st Line With Anti-EGFR
Therapy) trial was designed to investigate the role of
cetuximab activity associated with irinotecan used as
a third-line therapy in 28 mCRC patients RAS and
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BRAF WT, who developed resistance to the first line
therapy with cetuximab and irinotecan and received
in second line an oxaliplatin-based doublet plus bevacizumab or aflibercept. The trial also investigated the
role of RAS and BRAF mutations in the resistance to
anti-EGFRs through evaluation of ctDNA.
The treatment achieved 6 PR (two unconfirmed)
and 9 SD (RR: 21%, 95%CI: 10-40%, disease control
rate: 54%, 95%CI: 36-70%). RAS mutated were found
in liquid biopsies collected at the rechallenge baseline
in 12 (48%) out of 25 evaluable pts (6 KRAS G12D,
5 KRAS G12V with 1 harboring also Q61H and 1
NRAS Q61L). No RAS mutated were detected in
samples from pts who achieved a confirmed PR. Pts
with RAS WT ctDNA, had significantly longer PFS
than those with RAS mutated ctDNA (mPFS: 3.9 vs
1.9 mos; HR: 0.48 [95%CI 0.20-0.98], p=0.048). No
BRAF or PIK3CA mutation were found. This could
partially explain why patients initially defined as wild
type at baseline, during the therapy develop resistance
to treatment with anti-EGFR (66-67).
Other ongoing studies, such as CHRONOS and
FIRE-4, will help clinicians to determine whether this
approach is feasible, and which patients are most suitable for this treatment.
The biological rationale for anti-EGFR rechallenge therapy is based on the hypothesis that the
progression after an initial treatment response in
wild-type RAS mCRC could be due to the selection
of a mutated clone, with a sort of ‘anti-EGFR-driven
mutated genotype acquisition’ during therapy. Gene
mutation (RAS, BRAF, PI3K etc) conferring therapy resistance, can arise during anti-EGFR treatment
and become detectable in cell-free circulating tumor
DNA by liquid biopsy. Liquid biopsy is a non-invasive
method, which allows a longitudinal ctDNA monitoring DNA. Studies monitoring plasma levels of RASmutant ctDNA, suggested that a drug holiday might
restore tumor to anti-EGFR-sensitive state. Furthermore, the clonal selection theory would be applied to
other mechanism of anti-EGFR resistance (63, 6870). Based on the evidence of dynamic clonal evolution of the tumor genome during the EGFR blockade
the ongoing IMPROVE study is investigating the efficacy and safety of an intermittent first-line panitumumab plus FOLFIRI and the value of liquid biopsy
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in the “stop and go strategy” in unresectable metastatic
RAS and BRAF wild type colorectal cancer patients

4. Conclusion
In the last years, the development of new drugs
and therapeutic options resulted in a meaningful increase of survival in patients with mCRC. In this scenario, the emerging concern of “continuum of care” in
our clinical practice plays an important role regard the
chance and the duration of patient survival, as well as
the less toxicity and the sustained quality of life. The
use of new therapeutic modality, as maintenance or
stop and go approach, re-challenge and/or re-introduction of previously administered drugs, attempts to
ameliorate the treatment personalization.
Looking to the future, in the Era of Personalized
Medicine, more trials are needed to identify biomarkers and additional selection criteria that might hopefully provide new directions towards more effective
treatments.
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