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KABSTRACT

The emergence of targeted therapies for the treatment of meta-
static colorectal cancer (mCRC) has considerably improved sur-
vival, but has also resulted in a dilemma of identifying the
optimal sequence and combination of various agents in the
mCRC treatment landscape. A number of cytotoxic agents, includ-
ing irinotecan, oxaliplatin, 5-fluorouracil, capecitabine, and TAS-
102, are available for treatment of mCRC. Additionally, whereas
patients harboring rat sarcoma viral oncogene homolog (RAS)-
wild type mCRC can be treated with the anti-epidermal
growth factor receptor antibodies cetuximab and panitumumab
or antiangiogenic agents (bevacizumab, ziv-aflibercept, and

ramucirumab), patients with RAS-mutant mCRC are limited to
antiangiogenic agents as biologic options. Regorafenib, a multiki-
nase inhibitor, can be used in both RAS subgroups. As such, the
recommended sequence of therapies that should be received by
each subgroup must also be considered separately. This review
provides an overview of recent clinical data for approved and
investigational targeted therapies that have been studied across
different mCRC treatment lines and patient subgroups. It also
examines emerging trends in the treatment landscape for mCRC,
including treatment with immune checkpoint inhibitors and the
utilization of genomic profiling. The Oncologist 2018;23:25-34

Implications for Practice: Currently, there are no established guidelines for optimal sequencing of cytotoxic or targeted agents in
metastatic colorectal cancer (mCRC). This review provides a snapshot of the current mCRC treatment paradigm and examines the
latest clinical data that support the utilization of several targeted agents alone or in combination with backbone chemotherapy
across different lines of treatment and patient populations, highlighting recommendations for their usage. Recent advances in the
treatment landscape are also summarized, including genomic profiling and preliminary results with immune checkpoint inhibitors.

INTRODUCTION

Localized colorectal cancer (CRC) is often successfully treated
with curative surgery followed by chemotherapy in patients
at high risk for recurrence. Overall prognosis for patients
with localized CRC is favorable, with a 5-year survival rate of
up to 90% [1]. Because early-stage CRC can be asymptomatic,
screening is often necessary to detect the disease at this
stage [1]. However, a minority (~40%) of CRC cases are diag-
nosed early, leaving a large number of patients initially diag-
nosed with metastatic CRC (mCRC), for whom the 5-year
survival rate is poor (13%) [1].

Several targeted therapies that inhibit the angiogenic pro-
cess or the epidermal growth factor receptor (EGFR) are
currently available for the treatment of mCRC, either as mono-
therapy or in combination with backbone chemotherapies [2].
This article will summarize the current treatment landscape for
mMCRC, review clinical data supporting the roles for targeted

therapies in treatment sequencing, examine investigational
treatments for third-line mCRC, and review emerging trends in
therapeutic strategies and molecular testing.

TREATING MCRC WITH CYTOTOXIC THERAPY

The current National Comprehensive Cancer Network (NCCN)
guidelines for mCRC recommend FOLFOX (5-fluorouracil [5-
FU] + oxaliplatin + leucovorin [LV]), FOLFIRI (5-FU + irinotecan +
LV), XELOX (capecitabine + oxaliplatin), infusional 5-FU/LV or cape-
citabine, or FOLFOXIRI (5-FU + oxaliplatin + irinotecan + LV) for
patients with mCRC who are appropriate for intensive therapy [2].
The NCCN panel recommends these regimens as equally effective
cytotoxic treatment options, and little or no clinical difference is
observed when administering intensive therapy as first-line versus
subsequent-line therapy following less intensive therapy [3-6]. The

Correspondence: Tanios Bekaii-Saab, M.D., Division of Hematology and Medical Oncology, Department of Internal Medicine, Mayo Clinic Cancer
Center, 5881 E. Mayo Blvd., Phoenix, Arizona 85054, USA. Telephone: 480-342-2678; e-mail: bekaii-saab.tanios@mayo.edu Received May 5, 2017;
accepted for publication September 11, 2017; published Online First on October 11, 2017. http://dx.doi.org/10.1634/theoncologist.2017-0203

The Oncologist 2018;23:25-34 www.TheOncologist.com

© AlphaMed Press 2017



26

Treatment Sequencing and Combinations for mCRC

Table 1. Approved targeted drugs for mCRC

Approved drug

Indication

[reference] Mechanism of action Year
Bevacizumab [70] Recombinant, humanized 2004
anti-VEGF mAb
2006
2013
Cetuximab [34] Chimeric anti-EGFR mAb 2004
2012
Panitumumab [35] Human anti-EGFR mAb 2006
2013
Ziv-aflibercept [71] Anti-VEGF recombinant 2012
fusion protein
Regorafenib [72, 73] Multikinase inhibitor 2012
targeting VEGFR-1, -2,
and -3; PDGFR-[3; FGFR-1;
TIE2; c-KIT; RET; RAF-1;
and BRAF
Ramucirumab [74] VEGFR-2 antagonist 2015

Use in combination with 5-FU—based chemotherapy for
first-line treatment of mCRC

Use in combination with 5-FU—based chemotherapy for
second-line treatment of mCRC

Use in combination with fluoropyrimidine-irinotecan— or
fluoropyrimidine-oxaliplatin—based chemotherapy for
treatment of mCRC, which progressed after first-line
treatment with a bevacizumab-containing regimen

Use in combination with irinotecan for treatment of
EGFR-expressing mCRC refractory to irinotecan-based
chemotherapy; and

Use as a single agent for EGFR-expressing recurrent mCRC
intolerant to irinotecan-based chemotherapy

Use in combination with FOLFIRI for first-line treatment
of KRAS—wild type, EGFR-expressing mCRC as determined
by FDA-approved tests

Use as a single agent for treatment of EGFR-expressing
mCRC with disease progression on or following oxaliplatin-,
fluoropyrimidine-, and irinotecan-based chemotherapy
regimens

Use in combination with FOLFOX for first-line treatment
of KRAS—wild type mCRC

Use in combination with FOLFIRI for treatment of mCRC that is
resistant to or has progressed following treatment with an
oxaliplatin-containing regimen

Use for mCRC previously treated with oxaliplatin-,
fluoropyrimidine-, and irinotecan-based chemotherapy;

an anti-VEGF biological therapy; and, if wild type for the RAS
oncogene, an anti-EGFR therapy

Use in combination with FOLFIRI for mCRC with disease
progression on or after previous therapy with bevacizumab,
fluoropyrimidine, and oxaliplatin

Abbreviations: 5-FU, 5-fluorouracil; BRAF, B-Raf proto-oncogene, serine/threonine kinase; c-KIT, KIT proto-oncogene receptor tyrosine kinase;
EGFR, epidermal growth factor receptor; FDA, U.S. Food and Drug Administration; FGFR, fibroblast growth factor receptor; FOLFIRI, 5-
fluorouracil + irinotecan + leucovorin; FOLFOX, 5-fluorouracil + oxaliplatin + leucovorin; KRAS, Kirsten rat sarcoma viral oncogene homolog; mAb,
monoclonal antibody; mCRC, metastatic colorectal cancer; PDGFR, platelet-derived growth factor receptor; RAF-1, Raf-1 proto-oncogene, serine/
threonine kinase; RET, ret proto-oncogene; TIE2, tyrosine kinase with immunoglobulin and epidermal growth factor homology domain 2; VEGF, vas-
cular endothelial growth factor; VEGFR, vascular endothelial growth factor receptor.

European Society for Medical Oncology guidelines similarly recom-
mend a first-line backbone chemotherapy of a fluoropyrimidine in
various schedules and combinations [7], and FOLFOX and FOLFIRI
are currently considered the preferred cytotoxic treatment options
for first-line treatment of mCRC [3, 7].

TARGETED THERAPIES FOR TREATMENT OF MCRC

Since the mid-1990s, six targeted agents have been approved
by the U.S. Food and Drug Administration for treatment of
mMCRC (Table 1). With the availability of new treatment options
and combinations, the median overall survival (OS) has been
extended to approximately 36 months in rat sarcoma viral
oncogene homolog (RAS)-wild type patients [8, 9]. Some clini-
cal data now provide guidance to clinicians on how to sequence
these agents.

SEQUENCING OF TARGETED AGENTS FOR MCRC

First-Line Treatment of mCRC
Bevacizumab (vascular endothelial growth factor [VEGF] monoclo-
nal antibody [mAb]), cetuximab (EGFR mAb), and panitumumab
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(EGFR mAb) are the only targeted therapies currently indicated
as first-line treatment of MCRC in combination with backbone
chemotherapies, with approvals based on findings from their
respective pivotal phase Il trials [10-13]. The phase Il Cancer and
Leukemia Group B (CALGB)/Southwest Oncology Group (SWOG)
80405 [14] and FIRE-3 [8] studies compared bevacizumab with
cetuximab to identify the optimal first-line targeted agent for use
in combination with FOLFIRI (examined CALGB/SWOG 80405 and
FIRE-3) or modified FOLFOX6 (mFOLFOX6; examined in CALGB/
SWOG 80405 only) in RAS—wild type mCRC.

In FIRE-3 (N =592), patients were randomized 1:1 to
cetuximab plus FOLFIRI versus bevacizumab plus FOLFIRI, and
objective response rate (ORR) was assessed as the primary
endpoint. Although no statistical differences in ORR (62.0% vs.
58.0%; p = .18) or median progression-free survival (PFS; 10.0
vs. 10.3 months; hazard ratio [HR] = 1.06 [95% confidence
interval (Cl), 0.88-1.26]; p = .55) were observed, median OS
favored the cetuximab arm (28.7 vs. 25.0 months; HR = 0.77
[95% Cl, 0.62—0.96]; p = .017) [8]. A secondary analysis of sur-
vival by subsequent lines of therapy showed that patients who
started cetuximab versus bevacizumab during first-line therapy
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demonstrated longer PFS (6.5 vs. 4.7 months; HR = 0.68 [95%
Cl, 0.54-0.85]; p<.001) and OS (16.3 vs. 13.2 months;
HR = 0.70 [95% Cl, 0.55-0.88]; p = .0021) from start of second-
line therapy [15].

In contrast, the much larger CALGB/SWOG 80405 phase IlI
study (n = 1,137) demonstrated no clear differences between
the bevacizumab and cetuximab treatment arms in median PFS
(10.84 vs. 10.45 months) or OS (29.04 vs. 29.93 months;
HR = 0.92 [95% Cl, 0.78-1.09]; p = .34) for patients with RAS—
wild type mCRC [14]. The inconsistent findings between the
two studies are likely due to differences between the primary
chemotherapy backbones [16], patient selection, and labora-
tory techniques [17] as well as perhaps in the biology of
responses after first-line therapy [18, 19]. These differences
also highlight the need to better identify underlying biologic
and clinical factors that can predict outcome [20].

For example, a recent post hoc analysis of the CALGB/
SWOG 80405 study suggested that patients with left-sided
tumors had longer median OS versus those with right-sided
tumors (33.3 vs. 19.4 months; HR = 1.55 [95% Cl, 1.32-1.82];
p < .0001) [9]. According to the NCCN panel, the left side of the
colon includes the area encompassing the splenic flexure to the
rectum, whereas the right side of the colon includes the
hepatic flexure to the cecum [2]. Moreover, OS with cetuximab
was longer than with bevacizumab when the primary tumor
was on the left side (36.0 vs. 31.4 months, respectively),
whereas OS with bevacizumab was longer than with cetuximab
when the primary tumor location was on the right side (24.2
vs. 16.7 months, respectively) [9]. A post hoc analysis from the
FIRE-3 study concurred with these findings, showing that OS is
significantly longer in patients with left-sided versus right-sided
mCRC, and OS is better with cetuximab in left-sided tumors
and worse in right-sided tumors [9, 21, 22]. Similarly, a retro-
spective analysis of the National Cancer Institute of Canada
(NCIC) CO.17 trial of cetuximab versus best supportive care
(BSC) in chemotherapy-refractory mCRC demonstrated a PFS
advantage with cetuximab compared with BSC in patients with
left-sided but not right-sided tumors (left: median PFS, 5.4 vs.
1.8 months, respectively; HR=0.28 [95% Cl, 0.18-0.45];
p <.0001; right: median PFS, 1.9 vs. 1.9 months; HR = 0.73
[95% ClI, 0.42-1.27]; p = .26) [23]. A population-based study
using Surveillance, Epidemiology, and End Results Program
data found a similar effect of sidedness on prognosis, with infe-
rior survival in patients with right-sided tumors [24]. Moreover,
the results from molecular analyses suggest potential biologic
underpinnings of the right- versus left-sided phenomenon [25].
Nonetheless, the findings from the CALGB/SWOG 80405 and
FIRE-3 studies suggest front-line treatment with either cetuxi-
mab or bevacizumab, in combination with either FOLFOX or
FOLFIRI, is a reasonable option.

Consistent with the findings for cetuximab-based regimens,
a randomized phase Ill study (PRIME) of panitumumab plus
FOLFOX4 versus FOLFOX4 alone in first-line treatment of RAS—
wild type mCRC showed a significant median PFS benefit (10.0
vs. 8.6 months; HR = 0.80 [95% Cl, 0.67-0.95]; p = .01) and a
trend toward median OS benefit (23.9 vs. 19.7 months;
HR = 0.88 [95% Cl, 0.73-1.06]; p = .17) following treatment
with the panitumumab-based regimen [13, 26]. A significant
OS benefit for panitumumab was observed in an exploratory
analysis of updated survival with >80% OS events (23.8 vs.
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19.4 months; HR = 0.83 [95% CI, 0.70-0.98]; p = .03) [26]. A
retrospective analysis of the PRIME study and the PEAK study,
which evaluated first-line panitumumab plus FOLFOX versus
bevacizumab plus FOLFOX, found that patients with left-sided
tumors had an OS advantage with panitumumab versus
patients with right-sided tumors (PRIME: 30.3 vs. 23.6 months,
respectively; adjusted HR =0.73; p =.0112; PEAK: 43.4 vs.
32.0 months; adjusted HR = 0.77; p = .3125) [27].

Based on the collective findings from these studies, the
NCCN panel currently recommends cetuximab and panitumu-
mab for the first-line treatment of left-sided tumors only, in
combination with cytotoxic agents in RAS—wild type mCRC [2].
Bevacizumab may be preferred for right-sided tumors in this
setting because these tumors are unlikely to respond to anti-
EGFR antibodies [2].

Based on the collective findings from these studies,
the NCCN panel currently recommends cetuximab
and panitumumab for the first-line treatment of left-
sided tumors only, in combination with cytotoxic
agents in RAS—wild type mCRC. Bevacizumab may be
preferred for right-sided tumors in this setting
because these tumors are unlikely to respond to anti-

EGFR antibodies.

Recently, two additional phase Il studies (MAVERICC and
STEAM) were conducted to evaluate the potential role of
chemotherapy backbone (mFOLFOX6, FOLFIRI, FOLFOXIRI) as
the preferred combination partner for bevacizumab in the first-
line treatment of mCRC and included analyses of patients
stratified by expression of the putative predictive biomarker
excision repair cross-complementation group 1 (ERCC1) [28,
29]. In MAVERICC, FOLFIRI was associated with nonsignificant
trends toward longer median PFS (12.6 vs. 10.1 months;
HR = 0.79; p =.056) and median OS (27.5 vs. 23.9 months;
HR = 0.76; p = .086) when compared with FOLFOX [28]. Com-
parable results were observed in patients with high baseline
levels of ERCC1 and in the entire study population; additional
analyses are ongoing for patients stratified by VEGF-A levels.
The findings from this study, along with those from CALGB/
SWOG 80405, suggest FOLFIRI may be a preferred backbone to
combine with bevacizumab. The STEAM study compared con-
current versus sequential FOLFOXIRI (i.e., alternating FOLFOX
and FOLFIRI) with FOLFOX as a combination partner for bevaci-
zumab [29]. Trends toward increased ORR (72% vs. 73% vs.
62%) and longer median PFS (11.7 vs. 10.7 vs. 9.3 months)
were observed with concurrent and sequential FOLFOXIRI com-
pared with FOLFOX backbone regimen, respectively, with all
three regimens demonstrating similar safety profiles.

Other targeted therapies approved for treatment of mCRC
in the second-line setting and beyond are being or have been
investigated in combination with chemotherapy in first-line
studies. A randomized, open-label, phase Il study of aflibercept,
a VEGF receptor (VEGFR) fusion protein, in combination with
MFOLFOX6 versus mFOLFOX6 alone as first-line treatment of
mCRC (AFFIRM) suggest similar response rates (49.1% vs.
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45.9%) and median PFS (8.48 vs. 8.77 months) between treat-
ment arms [30, 31]. Comparable results were reported in a
single-arm, multicenter, open-label, phase Il study of regorafe-
nib plus MFOLFOX6 as first-line treatment of mCRC, with an
ORR of 43.9%, disease control rate (DCR) of 85.4%, and a
median PFS of 8.5 months [32]. Finally, in an open-label, phase
Il study of the VEGFR2 mAb ramucirumab in combination with
mFOLFOX6, a median OS of 20.4 months, median PFS of 11.5
months, ORR of 58.3%, and DCR of 93.8% were reported [33].

Second-Line Treatment of mCRC
Both cetuximab and panitumumab are appropriate to use in
the second-line setting in patients with RAS—wild type mCRC fol-
lowing progression on chemotherapy [34, 35], but are not rec-
ommended for patients who previously received an EGFR
inhibitor [2]. A randomized phase Il study (SPIRITT) comparing
panitumumab plus FOLFIRI versus bevacizumab plus FOLFIRI
among RAS-wild type patients who progressed on an
oxaliplatin-based regimen containing bevacizumab showed no
difference in median PFS (7.7 vs. 9.2 months; HR = 1.01 [95%
Cl, 0.68-1.50]; p = .97) or median OS (18.0 vs. 21.4 months;
HR=1.06 [95% Cl, 0.75-1.49]; p=.75) between the two
regimens, suggesting that patients who progress on a
bevacizumab-based regimen can be considered for receiving
panitumumab or bevacizumab plus FOLFIRI for their second-line
therapy [36]. The phase Ill 181 study demonstrated a significant
improvement in PFS with panitumumab plus FOLFIRI versus
FOLFIRI alone in patients with RAS—wild type mCRC following
progression on chemotherapy (median PFS, 5.9 vs. 3.9 months,
respectively; HR =0.73 [95% Cl, 0.59-0.90]; p =.004) [37].
Objective response rate was 35% versus 10% for the combina-
tion versus FOLFIRI alone (descriptive p < .001), and there was
a trend toward improved OS with the combination in patients
with wild-type RAS (median OS, 14.5 vs. 12.5 months, respec-
tively; HR = 0.85 [95% Cl, 0.70-1.04]; p = .12). Efficacy was not
improved with panitumumab in patients with mutant RAS [37].
Use of bevacizumab-containing regimens for treatment of
second-line mCRC is supported by results from two large phase
Il trials [38, 39]. The phase Ill E3200 study compared FOLFOX4
with or without bevacizumab in patients with mCRC who previ-
ously received a fluoropyrimidine- and irinotecan-based regi-
men, but not bevacizumab [38]. The bevacizumab-containing
regimen demonstrated favorable median OS (12.9 vs. 10.8
months; HR = 0.75; p =.0011) and median PFS (7.3 vs. 4.7
months; HR = 0.61; p <.0001), and these results led to a
second-line indication for bevacizumab in 2006. More recently,
the open-label, phase Il ML18147 study compared chemother-
apy (oxaliplatin- or irinotecan-based; switch from first-line
chemotherapy) with or without bevacizumab in patients with
mCRC who had previously received bevacizumab plus chemo-
therapy as first-line therapy [39]. Median OS (11.2 vs. 9.8
months; HR = 0.81 [95% Cl, 0.69-0.94]; p = .0062) and median
PFS (5.7 vs. 4.1 months; HR=0.68 [95% Cl, 0.59-0.78];
p < .0001) favored continuation of bevacizumab beyond pro-
gression. Of note, the PFS benefit for the bevacizumab-
containing regimen was maintained regardless of RAS status.
Similar activity has been observed with other antiangio-
genic agents. The pivotal phase Ill trial (VELOUR) of ziv-
aflibercept plus FOLFIRI versus placebo plus FOLFIRI in the
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second-line setting showed an OS (13.5 vs. 12.1 months;
HR = 0.82 [95% Cl, 0.71-0.94]; p = .003) and PFS (6.9 vs. 4.7
months; HR =0.76 [95% Cl, 0.66-0.87]; p <.0001) benefit
with ziv-aflibercept [40]. In a subgroup analysis, the observed
benefit between treatment groups was smaller among
patients who previously received bevacizumab (12.5 vs. 11.7
months; HR = 0.86) compared with those who did not (13.9
vs. 12.4 months; HR =0.79) [41]. Another phase Il trial
(RAISE) evaluated the role of ramucirumab plus FOLFIRI ver-
sus placebo plus FOLFIRI and likewise showed an OS (13.3 vs.
11.7 months; HR = 0.84 [95% Cl, 0.73-0.98]; p =.02) and
PFS (5.7 vs. 4.5 months; HR=0.79 [95% CI, 0.70-0.90];
p = .0005) benefit with the addition of ramucirumab to FOL-
FIRI in patients who progressed on first-line therapy with
bevacizumab, fluoropyrimidine, and oxaliplatin [42].

In a phase Il randomized trial (BOND) assessing the role of
cetuximab plus irinotecan versus cetuximab monotherapy in
mMCRC patients refractory to irinotecan, higher responses were
observed in the combination treatment arm (22.9% vs. 10.8%;
p = .007), with significantly longer PFS (4.1 vs. 1.5 months;
HR = 0.54 [95% Cl, 0.42—0.71]; p < .001) and a trend towards
longer OS (8.6 vs. 6.9 months; HR = 0.91 [95% Cl, 0.68-1.21];
p = .48) [43]. Results of trials in second-line mCRC are summar-
ized in Table 2.

Based on these studies, the following recommendations for
second-line therapy should be considered: (a) If a patient was
previously treated with FOLFOX- or XELOX-based regimen with
bevacizumab, then cetuximab/panitumumab (RAS—wild type
only), bevacizumab, ramucirumab, or ziv-aflibercept in combi-
nation with FOLFIRI is recommended. (b) If the patient was pre-
viously treated with FOLFIRI in combination with bevacizumab,
then FOLFOX or XELOX with bevacizumab or with cetuximab/
panitumumab (RAS—wild type only) is recommended; alterna-
tively, cetuximab/panitumumab can be combined with FOLFIRI
or single-agent irinotecan. (c) If the patient was previously
treated with FOLFOXIRI, then cetuximab/panitumumab with or
without irinotecan are recommended for patients with RAS—
wild type mCRC [2].

The three approved antiangiogenic agents have somewhat
different mechanisms of action. Bevacizumab is a VEGF mAb,
ramucirumab is a VEGFR-2 mAb, and ziv-aflibercept is a fusion
protein that inhibits VEGF and placental growth factor. There
may be issues associated with toxicity and/or cost, particularly
with ramucirumab, where the monthly cost in combination
with FOLFIRI was estimated to be more than twice as high as
the cost of bevacizumab or ziv-aflibercept with FOLFIRI [2, 44].
In addition, ramucirumab and ziv-aflibercept do not appear to
provide additional value over bevacizumab in this setting. Of
note, although the cost of bevacizumab may be lower com-
pared with other antiangiogenic agents [44], cost-effectiveness
analysis demonstrated high cost with minimal incremental ben-
efit for bevacizumab when used beyond progression [45]. Given
the availability of these three antiangiogenic-based therapies,
we strongly favor the use of bevacizumab over ramucirumab or
ziv-aflibercept as a second-line antiangiogenic agent in patients
with previous exposure to bevacizumab. On the other hand,
the choice of anti-EGFR therapy depends on factors related to
the risk of hypersensitivity reactions (influenced by factors such
as geographical location [46]) and dosing schedules that may
favor panitumumab over cetuximab in some instances.
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Table 2. Results from clinical trials in second-line mCRC

Study [reference]

Treatment arms

Patient population

Reported efficacy

SPIRITT [36]

181 [37]

E3200 [38]

ML18147 [39]

VELOUR [40]

RAISE [42]

BOND [43]

Panitumumab + FOLFIRI vs.
bevacizumab + FOLFIRI

Panitumumab + FOLFIRI vs.
FOLFIRI alone

Bevacizumab + FOLFOX4 vs.

FOLFOX4 alone

Bevacizumab + oxaliplatin-
or irinotecan-based
chemotherapy vs.
chemotherapy alone

ziv-aflibercept + FOLFIRI vs.
placebo + FOLFIRI

Ramucirumab + FOLFIRI vs.
placebo + FOLFIRI

Cetuximab + irinotecan vs.
cetuximab alone

RAS—wild type mCRC with
progression on an
oxaliplatin-based regimen
containing bevacizumab

mCRC with progression on
one prior chemotherapy
regimen and available
RAS status

mCRC with a prior
fluoropyrimidine- and
irinotecan-containing regimen
but no prior bevacizumab

mCRC with previous
bevacizumab +
chemotherapy as
first-line therapy

mCRC with prior
oxaliplatin-based
chemotherapy

mCRC with progression

on first-line therapy with
bevacizumab, fluoropyrimidine,
and oxaliplatin

mCRC refractory to irinotecan

e Median PFS: 7.7 vs. 9.2 mo; HR = 1.01;
95% Cl, 0.68-1.50; p = .97

e Median OS: 18.0 vs. 21.4 mo;
HR = 1.06; 95% Cl, 0.75-1.49; p = .75

e Median PFS: 5.9 vs. 3.9 mo; HR = 0.73;
95% Cl, 0.59-0.90; p = .004
(wild-type RAS)

e ORR: 35% vs. 10% (descriptive p < .001;
wild-type RAS)

e Median OS: 14.5 vs. 12.5 mo; HR = 0.85;
95% Cl, 0.70-1.04; p = .12
(wild-type RAS)

e Median OS: 12.9 vs. 10.8 mo;
HR = 0.75; p = .0011

e Median PFS: 7.3 vs. 4.7 mo;
HR = 0.61; p < .0001

e Median 0OS: 11.2 vs. 9.8 mo;

HR = 0.81; 95% Cl, 0.69-0.94; p = .0062
e Median PFS: 5.7 vs. 4.1 mo;

HR = 0.68; 95% Cl, 0.59-0.78; p < .0001

e 0S: 13.5vs. 12.1 mo; HR = 0.82;
95% Cl, 0.71-0.94; p = .003

® PFS: 6.9 vs. 4.7 mo; HR = 0.76;
95% Cl, 0.66-0.87; p < .0001

e 0S: 13.3 vs. 11.7 mo; HR = 0.84;
95% Cl, 0.73-0.98; p = .02

® PFS: 5.7 vs. 4.5 mo; HR = 0.79;
95% Cl, 0.70-0.90; p = .0005

e ORR: 22.9% vs. 10.8%; p = .007

® PFS: 4.1 vs. 1.5 mo; HR = 0.54;
95% Cl, 0.42-0.71; p < .001

e 0S: 8.6 vs. 6.9 mo; HR = 0.91;
95% Cl, 0.68-1.21; p = .48

Abbreviations: Cl, confidence interval; FOLFIRI, folinic acid + fluorouracil + irinotecan; FOLFOX, 5-fluorouracil + oxaliplatin + leucovorin; PFS,
progression-free survival; HR, hazard ratio; mCRC, metastatic colorectal cancer; ORR, objective response rate; OS, overall survival; RAS, rat sarcoma
viral oncogene homolog.

Given the availability of these three antiangiogenic-
based therapies, we strongly favor the use of bevaci-
zumab over ramucirumab or ziv-aflibercept as a
second-line antiangiogenic agent in patients with pre-
vious exposure to bevacizumab.

Third-Line Treatment and Beyond for mCRC
For patients with RAS—wild type mCRC who were not exposed
to prior anti-EGFR therapy, cetuximab and panitumumab are
recommended in the third-line setting [47]. In a large, open-
label, phase Il trial comparing panitumumab plus BSC versus
BSC alone in patients who progressed after standard chemo-
therapy, all patients had received two prior lines of chemother-
apy, and 37% had received three prior lines [48]. Although
median PFS was significantly prolonged with panitumumab
compared with BSC (8 vs. 7.3 weeks; HR = 0.54 [95% Cl, 0.44—
0.66]; p < .0001), the difference was modest. No significant dif-
ference in OS was observed (HR=1.0 [95% Cl, 0.82-1.22];
p = .81), given that patients receiving BSC were allowed to
cross over to panitumumab.

The open-label, noninferiority, phase Il ASPECCT trial com-
pared single-agent cetuximab with single-agent panitumumab
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in patients with chemotherapy-refractory, RAS—wild type mCRC
[49]. Median OS was 10.4 months with panitumumab versus
10.0 months with cetuximab (HR = 0.97 [95% Cl, 0.84-1.11]),
with a similar toxicity profile.

Other agents that have been recently added to our arma-
mentarium include regorafenib and TAS-102. Regorafenib, an
oral multikinase inhibitor, is recommended for patients who
have progressed on 5-FU-, oxaliplatin-, and irinotecan-
containing regimens (and an anti-EGFR agent if RAS—wild type)
[47]. In the pivotal phase Ill CORRECT trial, patients with mCRC
who progressed after all approved standard therapies were
treated with BSC plus placebo or regorafenib [50]. The primary
endpoint of OS was met, with regorafenib showing a benefit in
median OS (6.4 vs. 5.0 months; HR = 0.77 [95% ClI, 0.64-0.94];
p =.005) and PFS (1.9 vs. 1.7 months; HR = 0.49 [95% ClI,
0.42-0.58]; p < .0001) compared with placebo. A similar phase
Il trial (CONCUR) examined regorafenib plus BSC or placebo
plus BSC in Asian patients who received two or more prior lines
of standard therapy or were unable to tolerate standard ther-
apy [51]. Before randomization, 40% of patients had not
received any targeted biological treatment. The primary end-
point of OS was again met, with regorafenib showing a benefit
in median OS (8.8 vs. 6.3 months; HR = 0.55 [95% ClI, 0.40—
0.77]; one-sided p =.00016) and PFS (3.2 vs. 1.7 months;
HR = 0.31 [95% Cl, 0.22-0.44]; one-sided p < .0001) compared
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with placebo. Given some of the dose-limiting toxicities associ-
ated with regorafenib and the variability in dosing, an ongoing
phase Il study (ReDOS; NCT02368886) is investigating optimal
dosing of regorafenib with dose-escalation versus standard-
dose strategies.

TAS-102 (trifluridine/tipiracil), a more traditional cytotoxic
therapy that acts as a thymidine nucleoside analog, was
recently approved for treatment of patients with mCRC who
have progressed on all standard therapies, including regorafe-
nib [2]. In a pivotal phase Ill trial (RECOURSE), patients receiving
TAS-102 had a significant improvement in median OS (7.1 vs.
5.3 months; HR = 0.68 [95% Cl, 0.58-0.81]; p < .001) and PFS
(2.0 vs. 1.7 months; HR = 0.48 [95% Cl, 0.41-0.57]; p < .001)
versus placebo [52]. The choice to use regorafenib or TAS-102
first in patients with treatment-refractory mCRC may be guided
by patient characteristics such as performance status, comor-
bidities, and tolerability of prior therapies. It has been sug-
gested, for example, that regorafenib would be more
appropriate for patients with pancytopenias from prior chemo-
therapy, whereas patients with hand-foot skin syndrome would
be better suited for TAS-102 [53].

THE PROMISE OF IMMUNOTHERAPY IN MCRC

Immune checkpoint inhibitors represent a new, exciting treat-
ment strategy that stimulates the host’s immune response to
malignant cells [54]. Pembrolizumab, a programmed death
receptor-1 (PD-1) mAb, is one of several available immune
checkpoint inhibitors and is approved for multiple indications
in other tumor types [55]. A recent phase Il study of pembroli-
zumab in heavily pretreated patients with either mismatch
repair (MMR)—deficient or MMR-proficient mCRC suggested a
notable difference in ORR (50% vs. 0%) [56] and PFS rate (78%
vs. 11%) between the groups [57]. Although median PFS and
OS have not yet been reached for MMR-deficient patients, the
median PFS was 2.4 months (HR=0.135 [95% CI, 0.043—
0.191]; p <.0001), and OS was 6.0 months (HR = 0.247 [95%
Cl, 0.117-0.589]; p = .001) for MMR-proficient patients [56].
Although preliminary, these results suggest patients with
pretreated MMR-deficient mCRC, who typically have high
mutational loads in microsatellite regions (microsatellite insta-
bility—high [MSI-H]), benefit from immune checkpoint inhibi-
tion. Further, analyses of the KEYNOTE 164 and 158 studies
have demonstrated an ORR of 26.2% and a DCR of 50.8% with
pembrolizumab in MSI-H CRC, although efficacy with pembroli-
zumab has not yet been established in patients with MMR-pro-
ficient/microsatellite-stable mCRC [57, 58]. An ongoing phase
Il study (KEYNOTE-177) is examining first-line pembrolizumab
versus chemotherapy in patients with MMR-deficient or MSI-H
advanced CRC (NCT02563002).

The ongoing phase Il CheckMate 142 study is evaluating
the PD-1 mAb nivolumab with or without ipilimumab, an mAb
targeting cytotoxic T-lymphocyte—associated protein 4, in
MMR-deficient mCRC or MSI-H mCRC (NCT02060188). Prelimi-
nary results demonstrated an ORR and DCR of 31% and 69%,
respectively, with nivolumab, and an ORR and DCR of 41% and
78%, respectively, with the combination of nivolumab plus ipili-
mumab [59, 60]. The median time to response for both regi-
mens was 2.7 months, and the safety profiles of the two
regimens were manageable.
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Preclinical studies have demonstrated that mitogen-
activated protein kinase kinase (MEK) inhibition leads to
increased expression of major histocompatibility complex mol-
ecules and PD-1 ligand (PD-L1) on tumor cells, and dual inhibi-
tion of MEK and PD-L1 in vitro had more antitumor activity
than either agent alone [61]. Based on these findings, a phase
Ib study of atezolizumab, an engineered mAb that inhibits bind-
ing of PD-L1 to its receptors, in combination with cobimetinib,
an MEK inhibitor, was undertaken [62]. In 23 patients with
microsatellite-stable mCRC, ORR was 17% (four patients with
partial responses, five patients with stable disease). Three
responses were ongoing (range, 4.0-7.7 months at time of data
cutoff). At the maximum administered doses (atezolizumab
800 mg intravenously every 2 weeks plus cobimetinib 60 mg
per day [21 days on and 7 days off]), combination therapy was
well tolerated. Based on these promising results, patients are
currently being recruited for a phase Ill study to investigate the
efficacy and safety of atezolizumab and atezolizumab plus cobi-
metinib  versus regorafenib in patients with mCRC
(NCT02788279).

FUTURE DIRECTIONS

Recent advances in genomic profiling have led to the identifica-
tion of patient subgroups that may respond to specific targeted
therapies. A study by The Cancer Genome Atlas (TCGA) Net-
work performed a genome-scale analysis of 224 CRC tumor
and normal tissue pair samples and found 24 genes that are
commonly mutated in CRC [63]. Nearly all malignant samples
had deregulated WNT signaling pathways. There were newly
identified recurrent mutations including FAM123B, ARID1A,
and SOX9, all of which are involved in oncogenic signaling path-
ways. In a separate study, gene expression profiling of 1,290
CRC tumors with consensus-based unsupervised clustering led
to the proposal of a CRC classification system consisting of six
subtypes based on subtype-specific gene signatures and differ-
ential response to cetuximab [64]. Differences in disease-free
survival were observed between these subtypes following sur-
gical resection, treatment with cetuximab, and treatment with
FOLFIRI, with these subtypes shown to be associated with dis-
tinctive anatomical regions within the colon crypts. Addition-
ally, candidate biomarkers were identified to help classify CRC
samples into proposed subtypes that can be matched to
subtype-guided therapeutic strategies.

Additional comprehensive genomic profiling using DNA
extracted from formalin-fixed, paraffin-embedded tissue sec-
tions from patients with advanced CRC has been used to iden-
tify clinically relevant genomic alterations [65]. In one study,
the most frequently reported genomic alterations included
those in APC (76%), TP53 (75%), and KRAS (53%) [65], at rates
higher than those reported by the TCGA [63]. The investigators
reported 100% concordance between comprehensive genomic
profiling and standard hot-spot sequencing assays, and addi-
tional genomic alterations included phosphatidylinositol-4,5-
bisphosphate 3-kinase catalytic subunit alpha (PIK3CA; 18%),
phosphatase and tensin homolog (PTEN; 8%), erb-b2 receptor
tyrosine kinase 2 (ERBB2; 5%), SRC (4%), SMAD family member
2 (SMAD2; 3%), neurofibromin 1 (NF1; 3%), EGFR (3%), ERBB3
(2%), met proto-oncogene, receptor tyrosine kinase (MET; 1%),
and KIT (1%). Moreover, a recent large-scale genomic analysis
of >15,000 patients across 50 tumor types, including CRC,
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showed that patterns of genetic changes detected in blood
samples via liquid biopsy were similar to those identified using
traditional tumor biopsy [66], suggesting liquid biopsy may pro-
vide a highly informative, minimally invasive alternative to tis-
sue biopsy.

Due to the limited number of treatment options for
patients with mCRC refractory to available standard therapies,
several investigational agents are undergoing development for
this indication (Table 3). Several of these agents are multi-
targeted, including brivanib, a small-molecule tyrosine kinase
inhibitor (TKI) of VEGFR and fibroblast growth factor receptor
(FGFR), perifosine, a synthetic alkylphospholipid that targets
the v-akt murine thymoma viral oncogene homology, nuclear
factor-kappa B, and c-Jun N-terminal kinase pathways, anloti-
nib, a TKI that inhibits VEGFR-2, VEGFR-3, platelet-derived
growth factor receptor (PDGFR)-3, and KIT proto-oncogene
receptor tyrosine kinase, and nintedanib, a triple angiokinase
inhibitor of VEGFR-1, -2, and -3; PDGFR-a/B; FGFR-1, -2, and -
3; fms-related tyrosine kinase 3; and members of the Src family
[67]. Additional agents in development for treatment-
refractory mCRC include the Raf kinase inhibitor donafenib and
the anti-interleukin-1ac human mAb MABp1, which interrupts
angiogenesis and other inflammatory processes that promote
the malignant phenotype (Table 3) [68]. For patients with
BRAF-mutant mCRC, which carries a poor prognosis [69], the
MEK inhibitor binimetinib is being evaluated in combination
with the BRAF inhibitor encorafenib and cetuximab versus
cetuximab and irinotecan-based therapy (Table 3).

CONCLUSION

The outcomes of patients with mCRC have steadily improved
over the past 2 decades due to the availability of an increasing
armamentarium of cytotoxic and targeted agents. A number of
promising targeted and immunotherapeutic strategies in
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