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Abstract
Purpose of Review There is a significant difference in embryological origin, gene expression, gene mutation profile, and
microbiome between the right-sided and left-sided colon. It has been shown that the sidedness of primary colorectal cancer is
a significant prognostic factor and predictive to the clinical benefit of anti-epidermal growth factor receptor (EGFR) antibody-
containing chemotherapy in patients with metastatic CRC. Herein, current clinical recommendations for the treatment of patients
with left-sided RAS wild-type mCRC are reviewed.
Recent Findings Retrospective analyses of prior randomized trials (CRYSTAL, PRIME, FIRE-3, CALGB 80405, and PEAK
trials) showed that primary tumor sidedness is predictive to anti-EGFR antibody therapy in the first-line treatment of patients with
RAS wild-type mCRC, and patients with left-sided RAS wild-type mCRC had a significantly better survival benefit with anti-
EGFR antibody plus chemotherapy when compared with anti-VEGF treatment plus chemotherapy.
Summary The primary tumor sidedness is a significant prognostic factor and predictive to anti-EGFR antibody-containing
chemotherapy in patients with metastatic CRC. Based on the currently available data, chemotherapy plus anti-EGFR antibody
is recommended for the first-line treatment of patients with left-sided RASwild-type mCRC. Chemotherapy plus bevacizumab or
anti-EGFR antibody is recommended for the second-line therapy of RAS wild-type mCRC regardless of sidedness. However,
these recommendations are based on the limited data from the retrospective analyses of prior trials, warranting further prospective
randomized trials.
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Introduction

Colorectal cancer (CRC) is a major public health problem in
the USA and globally. In the USA, 140,000 new cases of CRC
will be diagnosed in 2018, and nearly 50,000 deaths will be
attributed to this disease [1]. Metastatic CRC (mCRC) is usu-
ally associated with poor prognosis, with 5-year survival rates

in the 5–8% range. Systemic chemotherapy has been the main
treatment modality for patients with mCRC. Considerable ad-
vances have been made for the clinical development of sys-
temic chemotherapy options for patients with mCRC. The
combinations of a fluoropyrimidine (5-FU or capecitabine)
with either oxaliplatin (FOLFOX/XELOX) or irinotecan
(FOLFIRI/XELIRI) have been widely accepted as standard
cytotoxic chemotherapeutic regimens in combination with ei-
ther anti-epidermal growth factor receptor (EGFR) antibody
or anti-vascular endothelial growth factor (VEGF) antibody
for the first- and second-line treatment of patients with
mCRC [2–4].

The primary tumor sidedness is a significant prognostic
marker and predictive to anti-EGFR antibody-containing che-
motherapy in patients with metastatic CRC [5–10, 11••,
12–14]. A meta-analysis of 66 clinical trials showed that
left-sided CRC is associated with a significantly reduced risk
of death (hazard ratio [HR], 0.82; 95% confidence interval
[95% CI], 0.79–0.84; P < 0.001), independent of tumor stage,
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and adjuvant chemotherapy [15]. Several phase 3 randomized
clinical trials have shown that there is a clear difference in
survival benefit by the primary tumor sidedness, especially
with anti-EGFR antibody-containing chemotherapy [5–10,
11••]. Herein, current recommendations for the treatment of
patients with left-sided RAS wild-type mCRC are reviewed.

Primary Tumor Sidedness

The colon has unique embryological development with
the proximal part of the colon originated from the midgut
and the remaining distal part from the hindgut with dif-
ferent blood circulation by superior mesenteric artery
(SMA) and inferior mesenteric artery (IMA). There are
also significant differences in gene mutation profiles, gene
expression patterns, chromosomal aberration, and
microbiome between the proximal and distal part of the
colon [16••]. There is gradual difference in the distribu-
tion of intraluminal microbiome from proximal part to
distal part of the colon with higher prevalence of
Fusobacterium, Escherichiae-Shigella and Leptotrichia
in left-side colon compared with right-side colon [17, 18].

There are several evidences showing that CRCs have
different unique biological characteristics depending on
the location of the primary tumors between right-sided
and left-sided colon [19–21]. In general, primary CRCs
distal to the splenic flexure are classified as left-sided
tumors. Left-sided tumors harbor numerous large chromo-
somal alterations, including gain of 20q and loss of 18q,
and the amplification of EGFR or HER-2, and more fre-
quent overexpression of epiregulin [22••]. EGFR and
HER-2 amplification were observed in 12% of distal
CRC. High expression of EREG and AREG in tumor tis-
sues is associated with better clinical outcome with anti-
EGFR antibody therapy in patients with RAS wild-type
metastatic CRC [23–25]. Left-sided CRCs are associated
with the activation of WNT and MYC pathways, and the
presence of intestinal stem cells [22••]. Left-sided CRCs
carry lower rates of microsatellite instability, less frequent
aberrant activation of the EGFR pathway including lower
BRAF and PIK3CA mutation rates, and decreased muta-
tional burden when compared with right-sided tumors
[26]. The mutation rates of TP53, KRAS, BRAFV600,
PIK3CA, SMAD4, CTNNB1, GNAS, and PTEN differ by
sidedness and location within the colon [27]. There are
substantial variations in mutation rates within left-sided
tumors, with more TP53 mutations, but less PIK3CA,
BRAF, and CTNNB1 mutations in the sigmoid and rectal
region [27]. Rectal cancers have higher rates of TOPO1
expression and HER-2 amplification compared to both
left- and right-sided tumors [26].

First-line Treatment of Patients
with Left-sided RAS Wild-type mCRC

Several prior randomized phase 3 trials have been analyzed
retrospectively to investigate the predictive effect of primary
tumor sidedness on the clinical outcome of the first-line treat-
ment of patients with mCRC [5–10, 11••]. These analyses
showed that primary tumor sidedness is predictive to the clin-
ical benefit of anti-EGFR antibody-containing systemic che-
motherapy in the first-line treatment of patients with RAS
wild-type mCRC.

CRYSTAL Study

The CRYSTAL study was a randomized phase 3 trial to eval-
uate the efficacy and safety of cetuximab in combination with
FOLFIRI chemotherapy in the first-line treatment of patients
with mCRC. This study demonstrated that the addition of
cetuximab to FOLFIRI chemotherapy significantly improved
progression-free survival (PFS), OS, and overall response rate
(ORR) in the first-line treatment of patients with KRAS wild-
type mCRC [28–30]. A total of 280 patients in the CRYSTAL
study population had left-sided RAS wild-type tumor (142
patients in FOLFIRI/cetuximab arm; 138 patients in
FOLFIRI arm).

Retrospective analysis of the primary tumor sidedness in
the CRYSTAL study population showed that the addition of
cetuximab to FOLFIRI significantly improved PFS in the
first-line treatment of patients with left-sided RAS wild-type
mCRC in comparison with FOLFIRI alone (median PFS
[mPFS], 8.9 months in FOLFIRI arm and 12.0 months in
FOLFIRI/cetuximab arm; HR, 0.50; 95% CI, 0.34–0.72;
P < 0.001) [31••]. OS was also significantly improved with
the addition of cetuximab to FOLFIRI (median OS [mOS],
21.7 versus 28.7 months; HR, 0.65; 95% CI, 0.50–0.86; P =
0.002) [31••]. ORR was 40.6% in FOLFIRI arm and 72.5% in
FOLFIRI/cetuximab arm [31••]. This retrospective analysis of
the CRYSTAL study showed that the addition of cetuximab to
FOLFIRI chemotherapy significantly improved PFS and OS
in the first-line treatment of patients with left-sided RAS wild-
type mCRC.

PRIME Study

The PRIME study was a phase 3 trial of panitumumab plus
FOLFOX4 versus FOLFOX4 alone in the first-line treatment
of patients with wild-type KRAS exon 2 mCRC [32].
Retrospective analysis of the PRIME study patients with
left-sided RAS wild-type mCRC showed the addition of
panitumumab to FOLFOX4 (N = 169) was associated with
significant improvement in PFS (median PFS [mPFS], 12.9
versus 9.2 months; adjusted HR, 0.72; P = 0.0048) and OS
(median OS [mOS], 30.3 versus 23.6 months; adjusted HR,
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0.73; P = 0.0112) when compared with FOLFOX treatment
alone (N = 159) [33••]. This retrospective analysis of the
PRIME study showed that the addition of panitumumab to
FOLFOX4 chemotherapy significantly improved both PFS
and OS in the first-line treatment of patients with left-sided
RAS wild-type mCRC.

These retrospective analyses of the PRIME and CRYSTAL
studies showed that the addition of anti-EGFR antibody (ei-
ther cetuximab or panitumumab) to doublet chemotherapy
backbone (FOLFOX4 or FOLFIRI) improved PFS and OS
in the first-line treatment of patients with left-sided RAS
wild-type mCRC. The improved survival benefit with the ad-
dition of anti-EGFR antibody to cytotoxic chemotherapy
backbone is not agent-specific but rather a class effect of
anti-EGFR antibody therapy. And chemotherapy backbone
of either oxaliplatin- or irinotecan-containing doublets seems
to be equally active in combination with anti-EGFR antibody
in the first-line treatment of patients with left-sided RAS wild-
type mCRC.

PEAK Study

The PEAK trial was a phase 2 randomized study to investigate
the clinical benefit of panitumumab plus mFOLFOX6 when
compared with bevacizumab plus mFOLFOX6 in the first-line
treatment of patients with wild-type KRAS exon 2 mCRC [34].
Subgroup analysis of patients with RASwild-type tumor (wild-
type exons 2, 3, and 4 of KRAS and NRAS) showed a signifi-
cant improvement in PFS in the mFOLFOX6/panitumumab
arm (N = 88) when compared wi th mFOLFOX6/
bevacizumab arm (N = 82) (mPFS, 13.9 versus 9.5 months;
HR, 0.65; 95% CI, 0.44–0.96; P = 0.029). However, there
was no significant improvement in OS (mOS, 41.3 versus
28.9 months; HR, 0.63; 95% CI, 0.39–1.02; P = 0.058).

Retrospective analysis of patients with left-sided RAS wild-
type mCRC did not show significant survival difference be-
tween mFOLFOX6 plus panitumumab and mFOLFOX6 plus
bevacizumab in the first-line treatment of patients with left-
sided RAS wild-type mCRC, with similar OS (mOS, 43.4 ver-
sus 32.0 months; adjusted HR, 0.77; P = 0.3125) and PFS
(mPFS, 14.6 versus 11.5 months; adjuvant HR, 0.68; P =
0.0732) in mFOLFOX6 plus panitumumab and mFOLFOX6
plus bevacizumab, respectively [33••]. This analysis showed
that mFOLFOX6 in combination with either anti-EGFR or
anti-VEGF antibody have similar anti-tumor efficacy in the
first-line treatment of patients with left-sided RAS wild-type
mCRC.

CALGB/SWOG 80405 Study

CALGB/SWOG 80405 study was a phase 3 trial, which ran-
domized 1074 patients with mCRC to bevacizumab plus che-
motherapy (either mFOLFOX6 or FOLFIRI) or cetuximab

plus chemotherapy (either mFOLFOX6 or FOLFIRI) in the
first-line setting. Among patients with wild-type KRAS co-
dons 12/13, there was no significant difference in OS and
PFS between the addition of cetuximab versus bevacizumab
to chemotherapy in the first-line treatment of mCRC [35].

Among 732 study patients with left-sided wild-type KRAS
codons 12/13 mCRC, 356 patients received bevacizumab plus
chemotherapy, and 376 patients received cetuximab plus che-
motherapy [36••]. Retrospective analysis of the study patients
with left-sided wild-type KRAS codons 12/13 mCRC showed
that cetuximab plus chemotherapy was associated with im-
proved PFS (mPFS, 12.4 versus 11.2 months; HR, 0.84;
95% CI, 0.72–0.98) and OS (mOS, 36.0 versus 31.4 months;
HR, 0.817; 95% CI, 0.69–0.96; P = 0.018) when compared
with bevacizumab plus chemotherapy [36••, 37]. This result
has a limitation as it did not address the outcome of patients
with left-sided RAS wild-type mCRC rather than wild-type
KRAS codons 12/13 alone. Even with this limitation, it
showed that anti-EGFR antibody-containing chemotherapy
is more favorable than anti-VEGF-containing chemotherapy
in the first-line treatment of patients with left-sided KRAS
codons 12/13 wild-type mCRC.

FIRE-3 Study

The FIRE-3 trial was a randomized phase 3 trial to compare
FOLFIRI plus cetuximab with FOLFIRI plus bevacizumab in
the first-line treatment of patients with KRAS wild-type
mCRC [38]. PFS was similar in both arms (mPFS,
10.0 months in FOLFIRI/cetuximab arm versus 10.3 months
in FOLFIRI/bevacizumab arm; HR, 1.06; 95% CI, 0.88–1.26;
P = 0.55), but OS was significantly improved in FOLFIRI/
cetuximab arm (mOS, 28.7 months in FOLFIRI/cetuximab
arm versus 25.0 months in FOLFIRI/bevacizumab arm; HR,
0.77; 95% CI, 0.62–0.96; P = 0.017) [38].

Retrospective analysis of the patients with left-sided RAS
wild-type mCRC (N = 306) in the FIRE-3 trial, who were
randomized to either FOLFIRI/cetuximab arm (N = 157) or
FOLFIRI/bevacizumab arm (N = 149), showed that patients
in the FOLFIRI/cetuximab arm had significantly improved
OS when compared with those in the FOLFIRI/bevacizumab
(mOS, 38.3 versus 28.0 months; HR, 0.63; 95% CI, 0.48–
0.85; P = 0.002) [8, 11••, 39••]. However, there was no signif-
icant difference in ORR and PFS between these two arms,
consistent with the data from the overall study population [8,
11••, 39••]. This retrospective data indicates that FOLFIRI
plus cetuximab is a better choice of the first-line treatment
for patients with left-sided RAS wild-type mCRC. This is
somewhat consistent with the result of the CALGB/SWOG
80405 study in patients with wild-type KRAS codons 12/13,
showing that anti-EGFR antibody plus doublet chemotherapy
is preferred combination regimen for the first-line treatment of
patients with left-sided RAS wild-type mCRC.
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Meta-analysis

A meta-analysis of the PRIME and CRYSTAL trials showed
that tumor sidedness was predictive of improved OS with the
addition of anti-EGFR antibody to chemotherapy in patients
with RAS wild-type mCRC (HR, 0.69; 95% CI, 0.58–0.83;
P < 0.0001). A meta-analysis of FIRE-3/AIO KRK0306,
CALGB/SWOG 80405 and PEAK trials indicated that pa-
tients with left-sided RASwild-type mCRC had a significantly
better survival benefit with anti-EGFR antibody plus chemo-
therapy when compared with anti-VEGF treatment plus che-
motherapy (HR, 0.71; 95% CI, 0.58–0.85; P = 0.0003) [8].

Retrospective analysis of the prognostic and predictive in-
fluence of the sidedness in patients withRASwild-typemCRC
enrolled in six randomized trials (CRYSTAL, FIRE-3,
CALGB 80405, PRIME, PEAK, and 20050181) showed that
patients with left-sided RAS wild-type mCRC had significant
improvement in OS (HR, 0.75; 95% CI, 0.67–0.84) and PFS
(HR, 0.78; 95% CI, 0.70–0.87) with the addition of anti-
EGFR antibody to the standard chemotherapy [11••].

These phase 3 trials evaluated different chemotherapy
backbones, including oxaliplatin-based (FOLFOR or
XELOX) and irinotecan-based (FOLFIRI) systemic chemo-
therapy, in the first-line setting. The role of chemotherapy
backbone in relation to the primary tumor sidedness has not
been fully evaluated with limited available data and warrants
further study. The MAVERICC trial was a randomized phase
2 trial to assess the efficacy and safety of mFOLFOX6 plus
bevacizumab versus FOLFIRI plus bevacizumab in the first-
line treatment of patients with mCRC [40]. A total of 376
patients were randomized. In the overall study population,
there was no significant difference in PFS and OS in either
mFOLFOX6 plus bevacizumab arm or FOLFIRI plus
bevacizumab arm. Among 222 randomized patients with
left-sided tumor, 113 patients were randomized to
mFOLFOX6 plus bevacizumab arm and 109 patients to
FOLFIRI plus bevacizumab arm. There was significant im-
provement in PFS with FOLFIRI plus bevacizumab combina-
tion in the first-line treatment of patients with left-sided tumor
when compared with mFOLFOX6 plus bevacizumab combi-
nation (mPFS, 13.8 in FOLFIRI/bevacizumab arm versus
10.2 in mFOLFOX6 plus bevacizumab arm; HR, 0.71; 95%
CI, 0.51–0.98; P = 0.040) [40].

The retrospective analyses of prior phase II/III trials, espe-
cially FIRE-3 and CALGB/SWOG 80405, have shown that
anti-EGFR antibody-containing systemic chemotherapy is as-
sociated with significantly better survival benefit in the first-
line treatment of patients with left-sidedRASwild-type mCRC
than anti-VEGF antibody plus systemic chemotherapy
(Table 1). However, these data have limitations due to the
nature of retrospective analysis with the possibility of imbal-
ances in baseline characteristics and a small number of pa-
tients. The ESMO panel recommends chemotherapy doublet

plus anti-EGFR antibody as preferred choice for the first-line
treatment of patients with left-sided RAS wild-type mCRC
[41••]. The NCCN guidelines recommend that only patients
with left-sided mCRC (splenic flexure to rectum) should be
offered cetuximab or panitumumab in the first-line treatment
of mCRC [42••].

Second- or Later-line Treatments of Patients
with Left-sided RAS Wild-type mCRC

There are limited data on the clinical outcome of the second-
line or later treatment of patients with left-sided RASwild-type
CRC (Table 2). The 20050181 trial was a phase 3 trial in the
second-line treatment of patients withKRASwild-type mCRC
to evaluate the effect of panitumumab plus FOLFIRI when
compared with FOLFIRI alone [43, 44]. Panitumumab plus
FOLFIRI had significant activity in the second-line treatment
of patients with RAS wild-type mCRC. Retrospective analysis
of patients with left-sided RAS wild-type mCRC in the
20050181 trial showed that the addition of panitumumab to
FOLFIRI (N = 150) in the second-line treatment was associ-
ated with numerically better but statistically not significant
improvement in PFS (mPFS, 8.0 versus 5.8 months; adjusted
HR, 0.88; 95% CI, 0.69–1.12; P = 0.3086) and OS (mOS,
20.1 versus 16.6 months; adjusted HR, 0.96; 95% CI, 0.75–
1.23; P = 0.7388) when compared with FOLFIRI alone (N =
148) [45••]. Further analysis of patients with left-sided RAS
wild-type/BRAF wild-type mCRC did not show any signifi-
cant improvement with the addition of panitumumab to
FOLFIRI (N = 143) in PFS and OS when compared with
FOLFIRI alone (N = 144) [45••].

In the FIRE-3 study, 33.7% of the patients with KRAS
exon 2 wild-type tumors on the FOLFIRI/cetuximab arm
received anti-VEGF-containing second-line therapy at the
time of tumor progression, and 30.3% of the patients with
KRAS exon 2 wild-type tumors in the FOLFIRI/cetuximab
arm received anti-EGFR antibody-containing second-line
therapy [39••]. Among patients with left-sided KRAS exon
2 wild-type tumors, FOLFIRI/cetuximab in the first-line
followed by FOLFIRI/bevacizumab in the second-line
was associated with significant improvement in the PFS
of the second-line therapy (PFS2nd) when compared with
the reverse sequence (FOLFIRI/bevacizumab in the first-
line followed by FOLFIRI/cetuximab in the second-line),
with median PFS2nd of 7.3 versus 5.8 months (HR =
0.59; 95% CI, 0.40–0.88; P = 0.01) [39••]. The OS of
the second-line therapy (OS2nd) was also significantly
better with FOLFIRI/cetuximab in the first-line followed
by FOLFIRI/bevacizumab in the second-line when com-
pared with the reverse sequence, with median OS2nd of
15.9 months versus 9.3 months. This result showed that
FOLFIRI plus cetuximab is a preferred choice for the
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first-line treatment of patients with left-sided KRAS wild-
type mCRC than FOLFIRI plus bevacizumab [39••, 41••].
This finding has a limitation as it did not include infor-
mation about other RAS mutations.

The NCIC CTG CO.17 was a phase 3 trial of cetuximab
versus best supportive care (BSC) in patients (N = 572) who
had previously been treated with, or had contraindications
to treatment with, a fluoropyrimidine, irinotecan, and
oxaliplatin [46]. The addition of cetuximab to BSC im-
proved OS and PFS in patients with KRAS wild-type che-
mo-refractory mCRC [47]. Retrospective analysis of pa-
tients with left-sided tumor (N = 249) enrolled in the NCIC
CTG CO.17 trial showed that cetuximab treatment of pa-
tients with left-sided KRAS wild-type mCRC (N = 60) was
associated with improved OS (mOS, 10.1 versus
4.8 months; HR, 0.49; 95% CI, 0.31–0.77; P = 0.002) and
PFS (mPFS, 5.4 versus 1.8 months; HR, 0.28; 95% CI,
0.18–0.45; P < 0.0001) when compared with BSC alone
(N = 45) [6]. Of note, patients with right-sided KRAS wild-
type mCRC (N = 56) did not get any significant survival
benefit with cetuximab when compared with BSC alone
without any significant difference in mPFS (1.9 months in
both groups) and mOS (6.2 versus 3.5 months; HR, 0.66;
95% CI, 0.36–1.21; P = 0.18) [6].

The 20020408 trial was a phase 3 trial to evaluate the
benefit of panitumumab plus best supportive care (BSC)
(N = 231) versus BSC alone (N = 232) in mCRC patients
(N = 463) with disease progression during or within 6 months
following the last administration of fluoropyrimidine,
irinotecan, and oxaliplatin. Retrospective analysis of patients
with left-sided RAS wild-type mCRC showed that
panitumumab plus BSC (N = 42) in the third-line treatment
of patients with left-sided RAS wild-type mCRC was associ-
ated with significant improvement in PFS (mPFS, 5.5 versus
1.6 months; HR, 0.31; 95% CI, 0.19–0.50; P < 0.0001) when
compared with supportive care (BSC) alone [45••]. However,
there was no significant difference in OS (mOS, 9.4 versus
8.8 months; HR, 1.02; 95% CI, 0.64–1.63; P = 0.9326), main-
ly due to a high cross-over rate (77%) of the BSC patients to
panitumumab arm at tumor progression [45••]. Of note, pa-
tients with right-sided RAS wild-type mCRC did not get any
significant survival benefit with the addition of panitumumab
with no significant difference inmPFS (1.7 versus 1.5 months;
HR, 0.50; 95% CI, 0.22–1.15; P = 0.1029) and mOS (3.1
versus 4.6 months; HR, 0.72; 95% CI, 0.31–1.66; P =
0.4349) [45••]. This result is consistent with improved surviv-
al with the addition of cetuximab in the NCIC CTG CO.17
trial, confirming that anti-EGFR antibody therapy improves
survival in the third-line or later treatment of patients with left-
sided RAS wild-type mCRC.

The results of retrospective analyses of prior random-
ized phase 3 trials in the second- or later-line treatment of
patients with left-sided RAS wild-type mCRC are notTa
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conclusive, requiring further research. The ESMO panel
recommends that chemotherapy doublet plus bevacizumab
or chemotherapy doublet plus anti-EGFR antibody are
recommended as preferred choice for the second-line ther-
apy of RAS wild-type mCRC regardless of sidedness
[41••]. And chemotherapy doublet plus anti-EGFR anti-
body or irinotecan plus cetuximab is recommended as
preferred choice for the third-line treatment of RAS wild-
type mCRC regardless of sidedness [41••]. The NCCN
guideline recommends that all patients with RAS wild-type
mCRC can be considered for panitumumab or cetuximab in
the second- or later-line of therapy if neither was previously
given [42••].

Conclusion

The primary tumor sidedness is a significant prognostic mark-
er and predictive to anti-EGFR antibody-containing chemo-
therapy in patients with metastatic CRC. Retrospective anal-
yses of prior randomized trials (CRYSTAL, PRIME, FIRE-3,
CALGB 80405, and PEAK trials) showed that primary tumor
sidedness is predictive to anti-EGFR antibody therapy in the
first-line treatment of patients with RAS wild-type mCRC [8,
11••]. Based on the currently available data, chemotherapy
plus anti-EGFR antibody is recommended for the first-line
treatment of patients with left-sided RAS wild-type mCRC
(splenic flexure to rectum) [41••, 42••]. Chemotherapy plus
bevacizumab or anti-EGFR antibody is recommended for
the second-line therapy of RAS wild-type mCRC regardless
of sidedness [41••, 42••]. However, the results of these retro-
spective analyses have limitations due to potential imbalance
in the baseline characteristics and small sample size,
warranting further prospective randomized trials. It has not
been fully investigated whether cytotoxic chemotherapy back-
bones play a significant role in the clinical outcome based on
primary tumor sidedness, warranting further study. Further
research is necessary to elucidate the role of biologics in the
second- and later-line treatment of patients with left-sidedRAS
wild-type mCRC.
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