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Abstract: Anti-EGFR mAb (cetuximab or panitumumab) and anti-VEGF mAb (bevacizumab)
are the two main targeted agents available for RAS wild-type (WT) metastatic colorectal cancer
(mCRC) treatment. Nonetheless, three head-to-head clinical trials evaluating anti-EGFR mAb
vs -VEGF mAbD in first-line treatment failed to conclude a uniform result. Recently, a few small
clinical studies revealed that prior use of bevacizumab may impair the effect of cetuximab or
panitumumab. Preclinical studies have also suggested that pretreatment with bevacizumab
may lead to simultaneous resistance to anti-EGFR mAb. Therefore, we performed this review
to summarize the available data regarding the optimal sequential treatment of anti-EGFR and
-VEGF mAb for RAS or KRAS WT mCRC and discuss the potential mechanisms that may
explain this phenomenon. Primary tumor location and early tumor shrinkage have emerged
as new potential prognostic and predictive factors in mCRC. We also collected information
to explore whether these factors affect the optimal sequencing of targeted therapy in mCRC.
However, definite conclusions cannot be made, and we can only speculate on optimal treatment
recommendations based on the contradictory results.
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Introduction
Colorectal cancer is a leading cause of cancer-related death worldwide with over 1.8
million new cases and 881,000 deaths in 2018.! However, with improvements in both
targeted biological therapy and surgical intervention, median survival has exceeded 30
months in some patients with metastatic colorectal cancer (mCRC) by better under-
standing tumor biology and abundant treatment experience.>™

EGFR antibodies, including cetuximab and panitumumab, have been widely used
in first-line mCRC treatment, and RAS mutations represent a negative predictive
indicator for EGFR antibodies. Therefore, NCCN guidelines now recommend that
anti-EGFR mAb should be applied in RAS wild-type (WT) mCRC.> Bevacizumab is
an antibody targeted at VEGF-A, and although predictive biomarkers of bevacizumab
have not yet been identified, it has improved the first-line therapy efficacy and is often
continued in the second-line setting after progression on first-line bevacizumab.®'

Increasing evidence suggests that primary tumor location correlates with distinct
molecular and clinical characteristics. Recently, two meta-analyses were performed to
investigate the prognostic and predictive effects of primary tumor location based on the
first-line clinical trials in unresectable RAS WT mCRC. Right-sided mCRC had worse
prognosis than left-sided mCRC. Regarding the predictive effect of primary tumor
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location, patients with left-sided mCRC had a significant
survival benefit from anti-EGFR mAb plus chemotherapy
compared to that from bevacizumab plus chemotherapy.!!!2
In contrast, bevacizumab-based treatment had a numerical
survival advantage in patients with right-sided mCRC. How-
ever, the potential molecular mechanisms that may contribute
to the differential clinical outcomes and responses to therapy
behind the tumor sidedness remain unclear. Differences in gut
content, epigenetic alterations, genomic instability, consensus
molecular subtype classification, and mutation status may
explain the phenomenon.!

Making all anticancer drugs available to patients with mCRC
is important to achieve the maximal benefit for long-term
survival irrespective of the chemotherapy drug sequence.'*!s
Nevertheless, the optimal use and sequence of targeted therapy is
still controversial, especially in mCRC patients after progression
on first-line bevacizumab. In the FIRE-3 study, no difference was
observed in progression-free survival (PFS) between first-line
cetuximab and bevacizumab biologic therapies, while overall
survival (OS) favored the cetuximab group regardless of the
KRAS or RAS WT populations.'® In contrast, the results from
CALGB/SWOG 80405 trial showed there were no significant
differences in survival outcomes between the addition of beva-
cizumab vs cetuximab to first-line chemotherapy.'” Additionally,
prospective trials produced conflicting results when comparing
the second-line efficacy of anti-EGFR mAb vs bevacizumab
after progression on first-line bevacizumab.!$1

To further explore an optimal treatment sequence of anti-
EGFR and -VEGF mAb in mCRC, we conduct this review

of the available clinical trial data and observational studies,
and discuss potential mechanisms that may explain the con-
tradiction in targeted drug treatment sequence.

Findings
Head-to-head anti-EGFR vs -VEGF mAb
in first-line treatment
Three randomized clinical trials have investigated the addi-
tion of anti-EGFR mAb or bevacizumab to first-line standard
chemotherapy in RAS WT mCRC (Table 1). FIRE-3 study
compared first-line FOLFIRI plus cetuximab to FOLFIRI
plus bevacizumab in patients with initial KRAS WT mCRC.¢
Extended RAS analysis identified 400 patients with RAS
WT mCRC. In the final RAS WT population, the objective
response rate (ORR) (65.3% vs 58.7%; P=0.18 for cetuximab
vs bevacizumab groups) and PFS (10.3 vs 10.2 months;
P=0.77 for cetuximab vs bevacizumab groups) were not
significantly different between the two treatments. In contrast,
cetuximab plus FOLFIRI was associated with significantly
longer OS than bevacizumab plus FOLFIRI (33.1 vs 25.0
months; P=0.0059). Within the 330 RAS WT patients with
centralized radiological review, early tumor shrinkage (ETS)
was achieved more frequently in the cetuximab + FOLFIRI
group than in the bevacizumab + FOLFIRI group (68.2% vs
49.1%; P=0.0005). Likewise, the median depth of response
(DpR) was higher in the cetuximab plus FOLFIRI group
(48.9% vs 32.3%; P<00001).

Next, the CALGB/SWOG 80405 trial of first-line
cetuximab vs bevacizumab combined with either FOLFIRI

Table | Anti-EGFR vs -VEGF mAb in first-line treatment for patients with RAS WT mCRC

RAS WT ETS (%) Median ORR (%) Median PFS Median OS
population (n) DpR (%) months months
FIRE-3'¢
Cetuximab + FOLFIRI 199 68.2 48.9 65 10.3 33.1
Bevacizumab + FOLFIRI 201 49.1 323 58.7 10.2 25
HR or OR (95% Cly 222 (1.41-347) | NA; 133 (0.88-1.99) | 0.97 (0.78-1.20) | 0.70 (0.54-0.90)
P=0.0005 P<0.001 P=0.18 P=0.77 P=0.0059
CALGB/SWOG 80405'72°
Cetuximab + chemotherapy 270 NR NR 69 1.2 32
Bevacizumab + chemotherapy | 256 NR NR 54 11.0 31.2
HR or OR (95% Cl) NR; 1.03 (0.86—1.24) | 0.88 (0.72—1.08)
P<0.01 P=0.71 P=0.24
PEAK?
Panitumumab + FOLFOX 88 64 65 65 12.8 36.9
Bevacizumab + FOLFOX 82 45 46.3 60 10.1 28.9
HR or OR (95% ClI) 1.99 (0.99-4.10); | NA; 1.12 (0.56-2.22); | 0.68 (0.48-0.96); | 0.76 (0.53—I.11);
P=0.052 P=0.0018 | P=0.86 P=0.029 P=0.15

Note: ETS was defined as having 230% tumor shrinkage at week 8 in PEAK and 20% tumor shrinkage at week 6 in FIRE-3.
Abbreviations: DpR, depth of response; ETS, early tumor shrinkage; mCRC, metastatic colorectal cancer; NA, not available; NR, not reported; ORR, objective response

rate; OS, overall survival; PFS, progression-free survival; WT, wild-type.
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or mFOLFOX6 regimen enrolled 526 RAS WT mCRC
patients.!”?* No differences in survival outcomes were
observed in this cohort. The median OS was 32 months in the
cetuximab group and 31.2 months in the bevacizumab group
(HR: 0.88; P=0.24). The median PFS was 11.2 months in the
cetuximab group and 11.0 months in the bevacizumab group
(HR: 1.03; P=0.71). ORR was also higher in the cetuximab
arm (69% vs 54%; P<0.01). Finally, the PEAK trial com-
pared panitumumab plus mFOLFOX6 to bevacizumab plus
mFOLFOXG6 for the first-line treatment of mCRC in an RAS
WT population.?! Median DpR was improved in the panitu-
mumab + mFOLFOX6 arm compared to that in bevacizumab
+ mFOLFOX6 (65.0% vs 46.3%; P=0.0018). More patients
experienced ETS in the panitumumab group (64% vs 45%;
P=0.052). No significant differences in ORR were observed
between the two groups (65% vs 60%; P=0.86). However,
PFS was significantly prolonged in the panitumumab group
(12.8 vs 10.1 months; P=0.029), and OS was numerically
longer for the panitumumab group vs the bevacizumab group
(36.9 vs 28.9 months; P=0.15).

FIRE-3 and PEAK also explored the survival outcomes
according to the ETS. For patients achieving ETS, anti-EGFR
mADb numerically prolonged OS compared to bevacizumab
in both studies (OS: 38.3 vs 31.9 months, P=0.48 in FIRE-
3; 43.8 vs 35.1 months, P=0.41 in PEAK).'%*! Among the
patients without ETS, a markedly shorter OS was observed,

which was comparable between the anti-EGFR mAb and
bevacizumab groups (20.5 vs 21.2 months, P=0.59 in FIRE-3;
34.2 vs 23.9 months, P=0.31 in PEAK). The predictive effects
of tumor location have been reported in a previous article.?
In the PEAK study, panitumumab plus mFOLFOXG6 appears
to be numerically superior to bevacizumab plus mFOLFOX6
in median PFS (14.6 vs 11.5 months; P=0.07) and median
OS (43.4 vs 32.0 months; P=0.31) for patients with left-sided
tumors. Bevacizumab plus mFOLFOX6 increases median
PFS (12.6 vs 8.7 months; P=0.91) and median OS (21.04
vs 17.4 months; P=0.32) in patients with right-sided mCRC
compared to panitumumab plus mFOLFOX6. Regarding the
cetuximab trials, tumor sidedness was also associated with
different outcomes. In the FIRE-3 trial, patients treated with
cetuximab plus FOLFIRI significantly benefited in terms of
OS compared to patients treated with FOLFIRI plus beva-
cizumab in left-sided RAS WT mCRC, while no obvious
differences were observed in right-sided tumors between the
two arms. Cetuximab and bevacizumab also have different
treatment efficacies according to the tumor location with
cetuximab performing better in left-sided tumors and with
bevacizumab performing better in right-sided tumors in the
CALGB 80405 trial.

Additionally, the predictive role of ETS based on pri-
mary tumor sidedness was evaluated in the FIRE-3 and
PEAK trials (Table 2). FIRE-3 used centralized radiological

Table 2 ETS and outcomes according to the primary tumor location

Trials Treatment arms Median PFS (months), Median OS (months),
HR (95% CI) HR (95% CI)

Left-sided colorectal cancer

FIRE-32 FOLFIRI + cet ETS >20% NR NR
FOLFIRI + bev (30%)

PEAK? FOLFOX + pani 16.2 vs 12.9 months 55.4 vs 48.5 months
FOLFOX + bev

FIRE-3 FOLFIRI + cet ETS <20% NR NR
FOLFIRI + bev (30%)

PEAK FOLFOX + pani 1.6 vs 12.4 months 34.2 vs 27.7 months
FOLFOX + bev

Right-sided colorectal cancer

FIRE-3 FOLFIRI + cet ETS >20% 7.8 vs 13.4 months 27.9 vs 23.2 months
FOLFIRI + bev (30%) 1.718 (0.83-3.55) P=0.137 1.054 (0.45-2.45) P=0.903

PEAK FOLFOX + pani 10.8 vs 18.4 months 24.6 vs 26.2 months
FOLFOX + bev

FIRE-3 FOLFIRI + cet ETS <20% 2.8 vs 5.2 months 11.7 vs 15.9 months
FOLFIRI + bev (30%) 1.743 (0.84-3.61) P=0.129 1.902 (0.89—4.06) P=0.0902

PEAK FOLFOX + pani 5.8 vs 12.6 months 15.3 vs 23.3 months
FOLFOX + bev

Notes: (30%) represent percentage value for PEAK trial. ETS was defined as having 230% tumor shrinkage at week 8 in PEAK and 20% tumor shrinkage at week 6 in FIRE-3.
Abbreviations: bev, bevacizumab; cet, cetuximab; ETS, early tumor shrinkage; NR, not reported; OS, overall survival; pani, panitumumab; PFS, progression-free survival.
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review data including 325 RAS WT mCRC patients to cal-
culate ETS and DpR.?? In patients with right-sided tumors
achieving ETS, the addition of cetuximab to FOLFIRI had
comparable treatment efficacy compared to bevacizumab to
FOLFIRI (OS: 27.9 vs 23.2 months, P=0.90; PFS: 7.8 vs
13.4 months, P=0.14). In patients with right-sided tumors
not achieving ETS, a markedly inferior survival outcome
was observed in the cetuximab group compared to that in
the bevacizumab group (OS: 11.7 vs 15.9 months, P=0.09;
PFS: 2.8 vs 5.2 months, P=0.13). In PEAK, a greater
proportion of patients experienced ETS and DpR with
panitumumab than bevacizumab irrespective of the primary
tumor location.? Panitumumab improved median OS in
patients with left-sided mCRC regardless of achieving ETS
or not. Among patients with right-sided mCRC, median
OS was also comparable between the panitumumab and
bevacizumab arms in those patients achieving ETS (OS:
24.6 vs 26.2 months for the panitumumab vs bevacizumab
groups). Therefore, patients with right-sided mCRC achiev-
ing ETS may benefit from an anti-EGFR mAb.

Conflicting results from retrospective

studies in mCRC

In 2011, Norguet et al found that anti-VEGF pretreated
patients had a lack of response to cetuximab and a poorer
decreased disease-specific survival compared to the anti-
VEGF naive patients (4.9 vs 9.1 months; P=0.026). The
results remained statistically significant after adjusting for
KRAS status in the multivariate Cox model.?* Similarly,
another study reported that anti-EGFR treatment had a
poorer PFS in the pretreatment with bevacizumab-based
chemotherapy group compared to the chemotherapy alone
as first-line therapy (2.8 vs 4 months; P=0.003), but the OS
was not significantly different in the two groups.” Moreover,
Sato et al showed that cetuximab significantly improved PFS
in patients with no prior bevacizumab use than in patients
with prior bevacizumab use in univariate analysis (P=0.048
for second-line cetuximab-based therapy; P=0.0022 for
third-line cetuximab-based therapy). Importantly, they
additionally found that a shorter PFS was observed in the
group of <3 months from last bevacizumab use to third-line
cetuximab therapy.?® Consistent with this observation, a
cohort study revealed that a short-time interval between the
last bevacizumab administration and the anti-EGFR therapy
attenuates the efficacy of anti-EGFR mAb in KRAS WT
mCRC patients.”’” However, in a subgroup analysis of the

20050181 study, patients receiving prior oxaliplatin—beva-
cizumab also benefited from panitumumab plus FOLFIRI
compared to those receiving FOLFIRI alone.?® Alternatively,
a small retrospective analysis that investigated the survival
of KRAS WT patients who were sequentially treated with
cetuximab and bevacizumab reported that patients receiving
bevacizumab first had similar survival outcomes compared
to patients receiving cetuximab first (PFS: 13 vs 10 months,
P=0.798; OS: 44 vs 39 months, P=0.862).° Burge et al
analyzed a multicenter registry and found that initial beva-
cizumab use did not impact the efficacy of EGFR antibodies
in subsequent therapy as PFS and OS from anti-EGFR mAb
commencement were not significantly different from prior
bevacizumab use,*? which is similar to other reports.?**! In
addition, a longer gap between bevacizumab and anti-EGFR
mAb (>6 months) was linked to a longer median PFS in
right-sided tumors, while left-sided tumors had no differ-
ence, which may reflect a distinct subgroup with a superior
prognosis in right-sided tumors.*

There are two retrospective analyses from clinical tri-
als that explore the efficacy of subsequent treatment.3*3*
In the FIRE-3 study, the study protocol recommended
FOLFOX plus bevacizumab as second-line regimen in the
initial FOLFIRI plus cetuximab group and irinotecan plus
cetuximab in the initial FOLFIRI plus bevacizumab group.
Second-line PFS and OS were significantly improved in
the initial FOLFIRI plus cetuximab arm compared to the
initial FOLFIRI plus bevacizumab arm in the original
KRAS WT populations (second PFS: 6.5 vs 4.7 months,
P<0.001; second OS:16.3 vs 13.2 months, P=0.0021).
Upon assessment of expanded RAS WT populations, the
treatment effects (second PFS: 6.7 vs 4.8 months, P=0.003,
second OS; 17.6 vs 14.8 months, P=0.0021) were even
more pronounced in the initial cetuximab plus FOLFIRI
group vs bevacizumab plus FOLFIRI group. The post hoc
analysis also investigated the sequence of cetuximab and
bevacizumab or the reverse sequence according to the
primary tumor sidedness. A more favorable second-line
PFS and OS of cetuximab followed by bevacizumab was
observed in patients with left-sided mCRC compared to that
with the reverse sequence (second PFS: 7.3 vs 5.8 months,
P=0.005; second OS: 15.9 vs 9.7 months, P=0.007). How-
ever, in patients with right-sided mCRC, no benefit was
observed in either defined sequences.

Another study evaluated the OS for patients treated with
first-line panitumumab and then the second-line bevacizumab
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or the reverse sequence in a total of the PEAK, PRIME,
and 20050181 trials.® A pooled analyses of OS suggested
a benefit from the panitumumab and then bevacizumab
treatment sequence compared to bevacizumab followed by
panitumumab in RAS WT mCRC (median OS: 36.8 vs 27.8
months; P=0.06). The median OS was further prolonged in
patients with left-sided tumors (43.4 vs 32.4 months; P=0.10)
and RAS/BRAF WT mCRC (41.3 vs 28.9 months; P=0.03).

Taken together, although these results were not consistent,
prior use of bevacizumab may affect the efficacy of cetuximab
or panitumumab. Nevertheless, the role of primary tumor
location in treatment sequence is less clear.

Anti-EGFR mADb vs bevacizumab after

progression on first-line bevacizumab
Importantly, studies have now begun to explore anti-EGFR
mAb vs bevacizumab in patients with KRAS WT mCRC after
progression on first-line bevacizumab. Table 3 summarizes
the available evidence from three clinical trials.

The SPIRITT study compared FOLFIRI plus pani-
tumumab to FOLFIRI plus bevacizumab as second-line
treatment in patients with KRAS WT mCRC after failure of
first-line oxaliplatin-based chemotherapy regimen containing
bevacizumab.!® The trial enrolled a total of 182 patients with
KRAS WT mCRC. Patients in the bevacizumab + FOLFIRI
arm had longer median PFS and OS than those in the pani-
tumumab + FOLFIRI arm (PFS: 9.2 vs 7.7 months, P=0.97;
0OS: 21.4 vs 18.0 months, P=0.75). The panitumumab group

had a higher ORR than the bevacizumab group (32% vs
19%). Safety data indicated higher rates of Grade >3 AEs in
the panitumumab group compared to that in the bevacizumab
group (85% vs 75%, respectively). Skin disorders and diar-
rhea were more frequent in the panitumumab group, while
neutropenia was more frequent in the bevacizumab group.
The main limitations include two aspects. First, there was an
imbalance in subsequent therapies between the two groups.
Subsequent anti-EGFR (54% vs 26%) and anti-VEGF (24%
vs 20%) therapies were both more frequent in the bevaci-
zumab arm compared to that in the panitumumab arm. Sec-
ond, patients in the panitumumab group were older and had
more metastatic sites. Because these factors can potentially
affect OS, we should interpret these results with caution.
Another study, WJOG 6210G, also investigated the
second-line treatment of panitumumab plus FOLFIRI vs
bevacizumab plus FOLFIRI in KRAS WT mCRC after pro-
gression on first-line bevacizumab-based chemotherapy.*
One hundred and seventeen patients were eligible, and patient
characteristics between the two groups were well balanced.
Median OS was 16.2 months for panitumumab plus FOLFIRI
and 13.4 months for bevacizumab plus FOLFIRI (HR: 1.16;
95% CI: 0.76-1.77). PFS was 6.0 months for panitumumab
plus FOLFIRI and 5.9 months for bevacizumab plus FOL-
FIRI (HR: 1.14; 95% CI: 0.78-1.66). The ORR was higher
in the panitumumab group (46.2% vs 5.7%; P<0.001).
Overall, the two therapeutic regimens had similar efficacy.
Interestingly, RAS and BRAF mutation analysis showed

Table 3 Anti-EGFR vs -VEGF mAb in second-line treatment after progression on first-line bevacizumab for patients with KRAS WT

mCRC
Primary end- KRAS WT
point population
n ORR (%) Median PFS Median OS
months months
SPIRITT'® (o))
Panitumumab + FOLFIRI 91 32 77 18
Bevacizumab + FOLFIRI 91 19 9.2 21.4
HR or OR (95% Cl) NR 1.01 (0.68-1.50); 1.06 (0.75-1.49);
P=0.97 P=0.75
WJOG6210G3 ORR
Panitumumab + FOLFIRI 59 46.20 6 16.2
Bevacizumab + FOLFIRI 58 5.70 5.9 13.4
HR or OR (95% Cl) NR; P<0.001 1.14 (0.78-1.66) 1.16 (0.76-1.77)
PRODIGE-18" PFS
Bevacizumab + chemotherapy 65 NR 7.1 15.8
Cetuximab + chemotherapy 67 NR 5.6 10.4
HR or OR (95% ClI) NR 0.71 (0.50-1.02); 0.69 (0.46—1.04);
P=0.06 P=0.08

Abbreviations: mCRC, metastatic colorectal cancer; NR, not reported; OS, overall survival; ORR, objective response rate; PFS, progression-free survival; WT, wild-type.
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that panitumumab plus FOLFIRI had favorable survival in
RAS/BRAF WT patients whereas unfavorable survival in
patients with RAS or BRAF mutation compared to beva-
cizumab plus FOLFIRI. Serum protein analysis suggested
that bevacizumab plus FOLFIRI was associated with better
OS in the high VEGF-A subgroup and worse OS in patients
with low VEGF-A level.

Notably, the phase II PRODIGE-18 study continued to
explore the optimized targeted therapy after progression on
first-line bevacizumab comparing cetuximab + chemotherapy
vs bevacizumab + chemotherapy in KRAS WT mCRC
patients.!” Median PFS (7.1 vs 5.6 months; P=0.0622) and
OS (15.8 vs 10.4 months; P=0.0750) were numerically longer
in the bevacizumab group than in the cetuximab group. The
choice for chemotherapy was based on the first-line regimen
(crossover). Upon assessment of expanded RAS WT patients,
the bevacizumab-induced effects were more pronounced. The
median OS (21.0 vs 10.7 months; P=0.324) and median PFS
(7.8 vs 5.6 months; P=0.076) were both significantly longer
in the bevacizumab plus chemotherapy arm vs the cetuximab
plus chemotherapy arm.

Different sequence strategy for anti-
EGFR mAb after progression on first-line

bevacizumab

Few studies have evaluated the different treatment sequence
for anti-EGFR mAb in mCRC patients progressing after
first-line chemotherapy/bevacizumab (Table 4). In the phase

IIT COMETS trial, 53 patients were assigned to receive
second-line cetuximab plus irinotecan followed by third-line
FOLFOX (arm A) and 55 patients were assigned to receive
second-line FOLFOX followed by third-line cetuximab plus
irinotecan (arm B). All of the patients were confirmed with
KRAS WT tumors.’”” Median PFS was similar between the
two arms (9.9 vs 11.3 months in arm A vs arm B; P=0.854),
while median OS favored arm B compared to arm A (18.6 vs
12.3 months; P=0.411). ORR was higher in arm B than in arm
A during the second-line treatment (40% vs 29%; P=0.228),
while ORR was similar during the third-line treatment (21%
vs 23%; P=0.78). PFS and OS were also analyzed accord-
ing to the primary tumor location. In right-sided tumors,
median PFS (10.0 vs 7.9 months; P=0.012) and OS (12.6 vs
8.8 months; P=0.002) were significantly improved in arm B
compared to than in arm A. In left-sided tumors, there was
also a trend toward better survival in arm B (median OS: 20.2
vs 13.1 months; P=0.859).

Also, another randomized phase Il REVERSE trial inves-
tigated regorafenib followed by cetuximab (R-C arm) vs the
reverse sequence (C-R arm) in KRAS WT mCRC patients
after progression on first-line chemotherapy.*® In total, 96%
of patients in the R-C arm had prior use of bevacizumab
in first-line treatment, 98% did the C-R arm, and 86% of
patients received sequential treatment in both arms. OS was
significantly improved in the R-C arm compared to that in
the C-R arm. PFS I was 2.4 months in the R-C arm and 4.2
months in the C-R arm (P=0.91). PFS II was 5.2 months in

Table 4 Different sequence strategy for anti-EGFR mAb after progression on first-line bevacizumab

Trial Treatment arms n | Prior PFS Il months | PFS lll months | Median PFS Median OS
bevacizumab (%) months months
COMET¥ FOLFOX4 followed by 55 | 100 6.1 4.7 1.3 18.6
cetuximab + irinotecan
Cetuximab + irinotecan | 53 | 100 5.3 4 9.9 12.3
followed by FOLFOX4
HR or OR (95% ClI) 0.97 (0.65-1.45); | 1.00 (0.58—-1.70); | 1.04 (0.69-1.56); | 0.84 (0.55-1.28);
P=0.881 P=0.986 P=0.854 P=0.4114
REVERSE® | Regorafenib followed by | 51 | 96 2.4 52 NR 17.4
cetuximab + irinotecan
Cetuximab + irinotecan | 50 | 98 42 1.8 NR 1.6
followed by regorafenib
HR or OR (95% CI) 0.97 (0.62—1.54); | 0.29 (0.17-0.50); 0.61 (0.39-0.96);
P=0.91 P<0.0001 P=0.029

Notes: PFS was defined as the time from the date of randomization up to the date of progression after third-line treatment or death from any cause. PFS Il was defined as the
time from the date of randomization up to the date of first progression after second-line or death from any cause. PFS Il was defined as the time from the third-line starting
date up to the date of first progression after third-line or death from any cause. In REVERSE trial, PFS Il was defined as the time from the date of randomization up to the
date of first progression after first treatment (R in R-C arm or C in C-R arm) or death from any cause. PFS Ill was defined as the time interval between the first progression
after first treatment and second progression after second treatment (C in R-C arm or R in C-R arm).

Abbreviations: OS, overall survival; PFS, progression-free survival.
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the R-C arm and 4.2 months in the C-R arm (P<0.0001). No
unexpected adverse events were observed between the two
arms. Subgroup analysis also found that OS was significantly
longer in the R-C arm for left-sided tumors (20.5 vs 11.9
months; HR: 0.51; 95% CI: 0.30-0.86; P=0.011), whereas
the results for right-sided tumors were less clear (HR: 0.88;
95% CI: 0.32-2.40). A similar result was observed in RAS/
BRAF WT tumors with better survival in the R-C arm.

Potential mechanisms that explain
the puzzling phenomenon
Hypoxia-induced resistance to anti-EGFR
mADb

Paez-Ribes et al reported that therapeutically efficacious
antiangiogenic therapy leads to tumor adaptation with
heightened invasiveness and enhanced distant metastasis
after prolonged treatment in animal models.* A possible
reason for these observations may be that the hypoxia/HIFs
pathway is an instigator of invasion and metastasis. It has
been reported that hypoxia induces angiogenesis, genetic
instability, cell survival, epithelial-mesenchymal transition
(EMT), altered metabolic pathways, and drug resistance; and
HIFs play critical roles therein.**? One study reported that
bevacizumab-resistant mCRC cells expressed higher levels
of VEGF and are associated with an intrinsic upregulation of
autocrine HIF-VEGF signaling.** Another study revealed an
increase in VEGF-A serum levels in mCRC patients treated
with bevacizumab and showed that VEGF-A confers resis-
tance to cetuximab through VEGFR-2/Stat-3 activation.?
Therefore, increasing evidence has demonstrated that prior
anti-VEGF therapy may contribute to resistance to anti-EGFR
mAb via the hypoxia/HIFs pathway.

Several studies have reported that hypoxia upregulates
EGFR expression and immunohistochemical studies showed
a close association between EGFR and HIF-10..*+* Hypoxia
can mediate a proliferative response through an EGF/EGFR
autocrine signaling loop in HeLa cells.* Both HIF-1ow and
HIF-20. can trigger the activation of EGFR and downstream
targets.*”*® Interestingly, HIFs are also EGFR downstream
targets and subsequently induce CXCR4, ¢c-MET, VEGF,
and survivin to promote EMT, invasion, and metastatic,
angiogenic, survival, and anti-apoptotic effects.* Of note,
Wang et al also found that hypoxia may play a critical role
in resistance to anti-EGFR therapy via HIF-1a in colorectal
cancer.” In addition to HIFs, hypoxia-induced ROS also
upregulated the SRC/KRAS/AKT signaling pathway and
mediated VEGF augmentation and resistance to apoptosis
in colon cells.”!

The most direct evidence came from the reverse transla-
tional research using xenografts of human RAS WT mCRC
to explore the biologic rationale underlying the improved effi-
cacy of panitumumab followed by subsequent use of bevaci-
zumab compared to that of the opposite drug sequence.’> The
panitumumab and then bevacizumab (PB) group was more
effective than the bevacizumab and then panitumumab (BP)
group in terms of tumor growth inhibition via growth rate and
reducing the Ki-67 index. Additionally, phosphoproteomic
analysis demonstrated that PB more efficiently reduced the
phosphorylation level of EPHA2 and EGFR. Western blotting
confirmed the reduction of EPHA2 protein expression and
EPHAZ2 S897-phosphorylation by PB. RSK phosphorylation
was significantly increased with BP but largely unaffected
by PB. Moreover, PCR analysis demonstrated statistically
significant reductions of lipogenic genes (FASN, MVD) in
the PB group. Considering these results, the hypoxic tumor
microenvironment is likely involved because PB significantly
suppressed hypoxia-related gene expression (CA9, TGFBI).
Treatment with bevacizumab prior to panitumumab created
a hypoxic tumor microenvironment that may impair the
functions of panitumumab suppressing EGFR downstream
signaling and activating the RSK-EphA2 axis and lipid
metabolism pathways. So, these results suggest that hypoxic
activation of signaling pathways may negatively influence
the efficacy of EGFR-targeted therapies and further studies
are warranted to elucidate the mechanistic and therapeutic
significance in mCRC.

Multi-tyrosine kinase inhibitors (TKIs), such as rego-
rafenib with antiangiogenic activity, can block VEGFR,
FGFR, and PDGFR activation and have been approved for
mCRC therapy based on a randomized clinical study.>* Some
scholars posited that judicious doses of anti-VEGF agents
could prune abnormal tumor vessels and result in a normal-
ized vasculature, thus alleviating hypoxia via mopping up
the excess VEGE, and the clinical data also confirmed that
blocking VEGF could normalize tumor vasculature. -5+
However, tumors can activate other proangiogenic pathways
leading to abnormal vessels resulting in hypoxia. Theoreti-
cally, TKIs are more likely to restore the abnormal balance
between pro-growth and antigrowth factors that lead to
tumor vascular abnormality compared to anti-VEGF agents
that block a single pro-angiogenic factor because they target
several angiogenic axes. Navarro et al reported that TKIs
normalized the vasculature and thus corrected hypoxia while
an anti-VEGF mAD progressively increased vessel abnormal-
ity and hypoxia.’® Furthermore, the tumors downregulate
aerobic glycolysis and switch to a long-term mitochondrial
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metabolism mediated by downregulation of AKT and HIF-1a
and upregulation of PPAR, allowing the use of ketone bodies
and fatty acids. These findings demonstrated that acquired
resistance to regorafenib may be linked with corrected
hypoxia and aberrant cancer metabolism. This may explain
the result in the REVERSE trial that regorafenib modified the
hypoxic microenvironment leading to R-C sequence efficacy
while chemotherapy may cause apoptotic death of tumor
cells in the hypoxic tumor areas to create a more favorable
condition for anti-EGFR mAb in the COMET trial.

Superior ETS and DpR in first-line anti-

EGFR mAb
Three head-to-head first-line trials, phase III FIRE-3, phase
IT PEAK, and phase III CALGB 80405 comparing cetux-
imab or panitumumab to bevacizumab when combined with
chemotherapy did not meet their primary endpoints (ORR,
PFS or OS, respectively), especially the improved OS in the
absence of the differences in ORR or PFS from FIRE-3.57 Two
recent meta-analyses including these trials demonstrated a
significant benefit from an anti-EGFR agent in terms of ORR
and OS but not PFS compared to an anti-VEGF agent in RAS
WT patients.*®* Therefore, these results have raised questions
about how valid these parameters are as adequate surrogate
endpoints for OS. Alternatively, ORR according to RECIST
failed to capture the temporal and quantitative alterations
in tumor burden.®® Therefore, two novel response-related
endpoints have been utilized in recent trials. ETS, defined
as a 20%-30% reduction at 6—8 weeks, is a predictor for
outcomes. It has been reported to be significantly correlated
with PFS and OS across multiple trials.®'%* A meta-analysis
demonstrated that ETS has a strong association with survival
outcomes, independent of the administered treatment.®
Another measurable indicator is depth of response, which
assesses the maximum percent change of tumor shrinkage
compared to that in baseline. So, the new concepts of ETS
and DpR offer a new profile that links new metrics of tumor
dynamics with OS to aid clinicians in optimizing mCRC
patient management.®

Retrospective analyses of the OPUS and CRYSTAL tri-
als revealed that the addition of cetuximab to chemotherapy
increased the frequency of ETS and DpR compared to che-
motherapy alone in mCRC patients with KRAS WT tumors,
which is consistent with the results from FIRE-3. The addition
of cetuximab to chemotherapy increased at a greater rate of
ETS from 46% to 69% and higher median DpR compared
to chemotherapy alone (median DpR: 57.9% vs 30.7%;
P=0.0008) in the OPUS trial. Regarding the CRYSTAL

study, the frequency of ETS improved from 49% to 62% and
median DpR increased from 33.3% to 50.9%. Within both
arms in the OPUS and CRYSTAL trials, markedly prolonged
PFS and OS were observed in ETS responders compared to
that in ETS nonresponders. ETS was linked with improved
long-term survival outcomes in patients with mCRC, sup-
porting its potential role as an early predictor of sensitivity to
treatment.®”¢® Furthermore, ETS correlates significantly with
depth of response, both of which are significantly linked with
post-progression survival and OS. Exploratory analyses from
three randomized first-line panitumumab trials also suggested
that panitumumab plus chemotherapy was linked with ETS
and DpR benefits compared to chemotherapy alone or che-
motherapy plus bevacizumab in RAS WT mCRC patients.®
Achieving these endpoints were associated with favorable
outcomes, especially for patients with the chance to receive
potentially curative resection. Similar results can be observed
in the TRIBE trial investigating the efficacy of the addition of
oxaliplatin to bevacizumab plus FOLFIRI with higher ETS
and DpR in the FOLFOXIRI + bevacizumab arm compared
to FOLFIRI + bevacizumab.”*’!

Taken together, these data support the notion that anti-
EGFR mAD has an advantage in tumor shrinkage in temporal
and quantitative alterations and provides an explanation for
the optimal treatment sequence for anti-EGFR and -VEGF
mAb in mCRC patients. The first-line treatment effect can
translate into tumor shrinkage at nadir. The greatest DpR
achieved in first-line treatment can impact the post-progres-
sion survival and later lines of therapies are less effective and
cannot compensate for the inadequate first-line treatment.
ETS is closely correlated with DpR and provides prognostic
information. Therefore, it may be hypothesized that the tumor
shrinkage benefits from anti-EGFR mAb, and can persistently
influence the post-progression survival and OS despite no
obvious difference in PFS being observed.

Genome instability in tumor cells and

stability in endothelial cells

Although dramatic genome alteration discrepancy is presented
in different tumor types, the evidence from genome repair
defects, destabilization of nucleotide sequences, and gene
copy number demonstrates that genome instability is an inher-
ent characteristic.”? Genome instability provides tumor cells
with the ability to adapt to changes in the microenvironment
and certain mutant genotypes lead to primary and acquired
resistance to anti-EGFR mAb. Therefore, the tumor can
spontaneously develop resistant clones that impair the efficacy
of cetuximab or panitumumab during tumor progression.”
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Indeed, the second-line 181 trial compared panitumumab
plus FOLFIRI to FOLFIRI alone and failed to demonstrate
a survival benefit in KRAS WT mCRC with the addition of
panitumumab to chemotherapy.?® Similarly, in the second-line
PICCOLO trials, no significant difference in terms of OS was
detected in KRAS WT mCRC patients treated with or without
panitumumab.™ Alternatively, a preclinical study revealed that
the acquisition of KRAS mutations is detectable in the blood
as early as 10 months before disease progression through
radiological evaluation.” These results suggest that EGFR
antibodies should be used as early as possible.

In contrast to tumor cells, endothelial cells have genome
stability and theoretically less drug resistance compared to
directly targeted tumor cells.” Unlike the mutational mecha-
nisms caused by chemotherapeutics, resistance to bevaci-
zumab might depend on alternative angiogenesis pathways
rather than genetic mutations or simultaneous occurrence
with chemotherapy resistance. Hence, antiangiogenesis is
still effective after progression on bevacizumab plus che-
motherapy.” Indeed, preclinical data indicated that even if
alternative angiogenesis pathways emerged, VEGF still plays
a vital role in facilitating tumor angiogenesis throughout
tumor progression.” Sustained exposure to anti-VEGF mAb
achieves tumor regression and extends survival.”>%

Two observational cohort studies from BRiTE and ARIES
showed that continued bevacizumab beyond first-line pro-
gression notably increased the OS compared to chemotherapy
alone.®® This trend is further confirmed in two controlled
randomized studies. In the ML18147 trial, maintenance of
bevacizumab plus second-line chemotherapy beyond first-
line bevacizumab progression had potential clinical benefits
in patients with mCRC. The results demonstrated that con-
tinuation of bevacizumab with second-line chemotherapy
significantly improves PFS (5.7 vs 4.1 months; P<0.0001)
and OS (11.2 vs 9.8 months; P=0.0062). These benefits
were irrespective of KRAS status. The BEBYP trial, similar
in design to ML18147, also proved that continued use of
bevacizumab during second-line treatment is beneficial.”!

Continued benefits associated with angiogenesis inhibi-
tion beyond disease progression can also be observed in
other trials. In the phase III study RAISE, the addition of
ramucirumab (a human monoclonal antibody that targets
VEGFR-2) to second-line treatment improved the outcomes
in mCRC patients beyond first-line bevacizumab progres-
sion.* In the VELOUR study, the addition of aflibercept
to second-line chemotherapy also improved the survival in
bevacizumab pretreated patients.®® In third-line treatment
or chemo-refractory mCRC, angiogenesis inhibition still

has clinical benefits in bevacizumab pretreated patients.
Regorafenib and fruquintinib, two VEGFR inhibitors, dem-
onstrated significantly increased OS compared to supportive
care, whether patients have received bevacizumab or not.>*3¢
In summary, these data suggest that genome instability
leads to the accumulation of more mutations and tumor
progression, which may affect the efficacy of anti-EGFR
mAb while an anti-angiogenic agent targets genetically stable
endothelial cells, leading to less drug resistance.

Conclusion

In this review, we overviewed the clinical trials studying the
optimal sequence use of anti-EGFR and VEGF mAb in first-
line and later lines of treatment in KRAS or RAS WT mCRC,
and explored the potential mechanisms that might explain
the impaired efficacy of anti-EGFR mAb after progression
on first-line bevacizumab and the improved efficacy of anti-
EGFR mAb in first-line treatment.

First, we discussed three head-to-head first-line studies
comparing anti-EGFR vs VEGF mAb in RAS WT patients.
Cetuximab and panitumumab achieved a greater frequency of
ETS and DpR that can translate into improved long-term out-
comes, supporting the preferential choice for first-line treat-
ment in patients with RAS WT mCRC. However, primary
tumor sidedness has a predictive effect for targeted therapy.
Anti-EGFR mADb significantly improved survival outcomes
in left-sided tumors compared to bevacizumab irrespective of
achieving ETS or not. For right-sided tumors, bevacizumab
is associated with numerically longer OS compared to anti-
EGFR mAb. Of note, the survival outcome is similar in both
arms for patients with right-sided tumors achieving ETS.
Therefore, patients with right-sided tumors achieving ETS
might benefit from anti-EGFR mAb in first-line treatment.

Then, we investigated the efficacy of anti-EGFR mAb
after progression on first-line bevacizumab in patients with
KRAS or RAS WT mCRC. Anti-EGFR mAb did not show
an advantage in survival outcomes compared to continuation
of bevacizumab in second-line treatment. Bevacizumab-
induced hypoxia most likely leads to the poor performance
of anti-EGFR mAb in second-line treatment. Indeed, in the
COMET and REVERSE trials, cetuximab was more effective
in third-line treatment after first-line bevacizumab. A long gap
may eliminate the negative effect from hypoxia. Regarding
the predictive role of tumor sidedness in treatment sequence,
the results are not consistent. In the COMET trial, second-
line FOLFOX followed by third-line cetuximab/irinotecan
had a better efficacy compared to the reverse sequence in
both left- and right-sided tumors. In the REVERSE trials,
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the better outcome was derived from regorafenib followed
by cetuximab in patients with left-sided tumors. However,
similar benefit was found from this sequence in patients with
right-sided tumors. Several retrospective studies also found a
benefit from an anti-EGFR mAb and then from bevacizumab
treatment sequence based on primary tumor location.

The impacts of sequential therapeutic processes across
several treatment lines on the survival kinetics were also
explored in FIRE-3.8 Markedly different survival kinetics
were observed at a change-point of ~22.6 months in favor
of the cetuximab group. The majority of patients completed
second- and third-line regimens within the first 2 years, and
few patients received effective treatment when OS curves sepa-
rated. Therefore, optimal sequencing of targeted therapy in first
and later lines is important to improve outcomes. This work
cannot draw definitive conclusions about the most effective
sequence of targeted therapy. We can only speculate that first-
line anti-EGFR followed by anti-VEGEF is the best sequence in
patients with left-sided tumors. Continued use of bevacizumab
after progression on first-line bevacizumab is applicable for
patients with right-sided tumors, and anti-EGFR mAb may
be more appropriate after a third-line chemotherapy regimen
or regorafenib. However, for patients with right-sided tumors
achieving ETS, the two sequence strategies may be used.
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