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Targeted therapies in colorectal cancer: surgical considerations
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Abstract: Colorectal cancer (CRC) is a leading worldwide health concern that is responsible for thousands
of deaths each year. The primary source of mortality for patients with CRC is the development and
subsequent progression of metastatic disease. The most common site for distant metastatic disease is the
liver. Although patients with metastatic disease to the liver have several effective treatment options, the
only one for cure remains surgical resection of the liver metastases. Historically, most patients with liver
metastases have had unresectable disease, and only a small percentage of patients have undergone complete
curative resection. However, improved systemic therapies have led to an evolution in strategies to treat
metastatic CRC to the liver. Under most conditions the management of these patients remains complex;
and as chemotherapy options and new targeted therapies continue to improve outcomes, it is clear that a
multidisciplinary approach must be the foundation on which advanced surgical and medical techniques are
employed. Here, in this review, we highlight the role of targeted therapies in the surgical management of
patients with metastatic CRC to the liver.
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Background

Colorectal cancer is the 4™ deadliest cancer worldwide (1).
The liver, followed by the lung, is the most common site of
distant metastatic disease. Indeed, for nearly 1/3 of patients
with metastatic colorectal cancer (mCRC), the liver is the
only affected visceral organ (2). Approximately 15-25% of
patients have synchronous liver metastasis at the time of their
initial colorectal cancer diagnosis and 10-25% of patients
develop metachronous liver metastasis sometime after curative
resection of the primary lesion (3-5). Unfortunately, even
when metastatic disease remains limited to the liver, the
majority of these metastases are unresectable and the reported
rates of successful resection have ranged between 20-30%
(6,7). These rates of successful curative resection are relevant
mostly from a historical perspective and likely underestimate
current surgical practice given the recent advances in systemic
therapies. Since the selection and timing of therapeutic agents
in patients with mCRC is complex, especially in relation to
surgical intervention, each component of the multimodality
management of patients with mCRC must be carefully
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planned to provide the best overall outcomes.

Evolution of systemic chemotherapy for
metastatic colorectal cancer

Before surgical advances allowed safe resection of colorectal
liver metastases (CRLM), patients were treated primarily
with systemic therapies. In fact, over two decades have
passed since bolus 5-fluorouracil (5-FU) was the standard
of care for patients with mCRC (8-10). Variations in the
administration of 5-FU and combinations with agents
to modulate its activity [levamisole and leucovorin (LV)]
produced incremental improvements in patient outcomes;
however, median overall survival (OS) largely remained
near 12 months (11-14). A major advance in systemic
therapies for mCRC was reported in 2000 when two phase
IIT trials showed that the addition of irinotecan (CPT-11),
a DNA topoisomerase I inhibitor, to 5-FU/LV significantly
increased overall response rates (ORR), progression-free
survival (PFS), and OS (15-17). In the report by Saltz ez 4l.,
weekly treatment consisted of irinotecan (125 mg/m’), bolus
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5-FU (500 mg/m®), and LV (20 mg/m’) (IFL) (15). In the 2™
trial, Douillard ez 4/., observed improved outcomes using bi-
weekly FOLFIRI (irinotecan, 180 mg/mz; LV, 200 mg/mz;
and bolus 5-FU, 400 rng/m2 followed by 22 h infusional
5-FU, 600 mg/m’) (16). These positive studies led to the
acceptance of the combination of irinotecan with 5-FU/LV
for first-line therapy of mCRC.

During the same period of time that improvements
with irinotecan were observed, oxaliplatin, a platinum-
based agent that blocks DNA replication, was also tested in
combination with 5-FU/LV (FOLFOX) for patients with
mCRC (18). In a phase III study reported by de Gramont
et al., patients who were administered FOLFOX4 (LV,
200 mg/m’; 5-FU, 400 mg/m’ bolus followed by 22 h
infusion of 600 mg/m’; and oxaliplatin, 85 mg/m’) had
improved ORR and prolonged PFS, although increases in
OS did not reach statistical significance (19). This study led
to the acceptance of FOLFOX as another option for first-
line treatment of patients with mCRC.

More recently, the combination of oxaliplatin and
irinotecan has also been explored. In a randomized phase
III study by Falcone et 4l., patients received either 48-h
infusional 5-FU (3,200 mg/m?®), LV (200 mg/m’), oxaliplatin
(85 mg/m?®), and irinotecan (165 mg/m’) (FOLFOXIRI)
vs. FOLFIRI (20). The FOLFOXIRI regimen was
associated with significantly increased ORR (66% vs. 41%,
respectively), PES (9.8 vs. 6.9 months, respectively), and OS
(median, 22.6 vs. 16.7 months, respectively). Even though
FOLFOXIRI was also associated with higher levels of
Grade 2/3 toxicities, the FOLFOXIRI regimen has been
accepted as another first-line therapeutic option for patients
with mCRC.

Emergence of targeted therapies for metastatic
colorectal cancer

Although outcomes have improved with advances in
systemic chemotherapy for mCRC, potent small molecules
and antibodies targeting specific proteins have also been
developed over the past decade and have further improved
the efficacy of standard chemotherapy regimens. The first
of these aptly named “targeted agents” to show benefit as
first-line therapy for patients with mCRC was bevacizumab,
a recombinant humanized monoclonal IgG, antibody
targeting vascular endothelial growth factor (VEGF).
Hurwitz et al. showed that patients with mCRC who
received bevacizumab + IFL had significantly better ORR
(44.8% wvs. 34.8%, respectively), PFS (10.6 vs. 6.2 months,
respectively), and OS (median, 20.3 vs. 15.6 months,
respectively) compared to IFL alone (21). By virtue of
its mechanism of action as an anti-angiogenesis agent,
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bevacizumab must be used with caution in both medical and
surgical patients because of known adverse events including
gastrointestinal perforation, hemorrhage, and impaired
wound healing (22,23).

The second well-established molecular target in mCRC
is epidermal growth factor receptor (EGFR), which is
overexpressed in nearly 85% of colorectal cancers (24,25).
Cetuximab, a chimeric IgG, monoclonal antibody directed
against the external surface of EGFR, was first evaluated
in combination with chemotherapy in patients who were
refractory to irinotecan and also as a single agent in patients
intolerant to standard chemotherapy (26-29). These
randomized, phase II and phase III trials showed improved
PFS without differences in OS (29). More recently, Van
Cutsem et al., demonstrated an OS benefit with cetuximab
when the cohort was limited to patients with wild-type
KRAS in their cancers (30). A 2" EGFR-targeted antibody,
panitumumab is a fully humanized IgG, monoclonal
antibody that was initially approved by the FDA as a third-
line treatment for mCRC in 2007 (31). The PRIME trial
utilized a combination of panitumumab + FOLFOX4
in patients with wild-type KRAS that revealed improved
PFS but a non-significant increase in OS compared to
FOLFOX4 alone. Currently, panitumumab is FDA-
approved for use in patients with refractory mCRC (32).
A summary of the major trials demonstrating benefit with
standard and targeted agents in mCRC is listed in Table 1.

Paradigm shift in surgical resection of colorectal
liver metastases

Although contemporary therapeutic regimens have
increased the longevity of patients with CRLM, the only
option for cure remains complete resection of the metastatic
disease. Fortunately, the improvements in medical therapies
for mCRC have been concomitant with refinements in
surgical and critical care techniques and technologies.
Routinely, patients who undergo hepatic resection for
CRLM now have 5-year survival rates nearing 40% or
higher (35-38). In the past only a fraction of the one-quarter
of patients with mCRC limited to the liver were considered
for curative surgical options. Much has changed with the
advent of more powerful chemotherapy regimens and
effective targeted agents. The response rates have increased
and patients who in the past would have been considered
never resectable are now approached with treatment plans
with intent for cure. Since surgical resection represents
the only curative option for CRLM, the definition of
resectability, the timing of hepatic metastasectomy, the
role of maximizing treatment response, and the effect of
chemotherapy and targeted agents on surgical outcomes are

www.thejgo.org 7 Guastrointest Oncol 2013;4(3):328-336



330

Luu et al. Targeted therapies in CRC

Table 1 Phase III trials that have established the benefits of chemotherapy and targeted therapies in metastatic colorectal cancer

. . Number of Response Median Median OS
Trial Regimen .
patients (N) rate (%) PFS (months) (months)
Standard agents
Petrelli et al. [1989] (14) 5-FU vs. 5-FU/LV 343 12.1vs.30.3; -- 46 vs. 55;
P<0.01 P=NS
Saltz et al. [2000] (15) IFL vs. 5-FU/LV 683 39 vs. 21; 7.0vs. 4.3; 14.8 vs. 12.6;
P<0.001 P=0.004 P=0.04
Douillard et al. [2000] (16) FOLFIRI vs. 5-FU/LV 387 35vs. 22; 6.7 vs. 4.4; 17.4 vs. 14.1;
P<0.005 P<0.001 P=0.031
de Gramont et al. [2000] (19) FOLFOX4 vs. 5-FU/LV 420 50.7vs. 22.3; 9.0vs. 6.2; 16.2 vs. 14.7;
P<0.0001 P=0.0003 P=NS
Falcone et al. [2007] (20) FOLFOXIRI vs. FOLFIRI 244 66 vs. 41; 9.8 vs. 6.9; 22.6 vs. 16.7;
P<0.0002 P=0.0006 P=0.032
Targeted agents
Hurwitz et al. [2004] (21) IFL-bevacizumab vs. 813 448vs. 34.8; 10.6vs. 6.2; 20.3 vs. 15.6;
IFL-placebo P=0.004 HR=0.54; P<0.001 HR=0.66; P<0.001
Van Cutsem et al. [2011] (30)  Cetuximab-FOLFIRI vs. 666 57.3vs. 39.7; 9.9vs. 8.4; 23.5vs. 20.0;
FOLFIRI P<0.001 HR=0.696; P=0.0012 HR=0.796; P=0.0093
PRIME [2009] (32) Panitumumab-FOLFOX4 vs. 1183 - 9.6 vs. 8.0; 23.9vs. 19.7;
FOLFOX4 HR=.80; P=0.02 HR=.83; P=NS
VELOUR [2012] (33) FOLFIRI-Ziv-aflibercept vs. 1226 19.8vs. 11.1; 6.9vs. 4.7; 13.5vs. 12.1;
FOLFIRI-placebo P<0.0001 HR=0.758; P<0.0001 HR=0.817; P=0.0032
CORRECT [2013] (34) Regorafenib vs. placebo 760 - - 6.4 vs. 5.0;

HR=0.77; P=0.0052

all key issues that must be addressed.

Consideration of surgery for CRLM mandates a clear
and reproducible definition of resectable liver disease.
Although the relative criteria for resectability may vary
among institutions, the absolute criteria are generally
the same. First, the designation that CRLM is resectable
must indicate that complete microscopic negative margin
resection (i.e., R0) can be achieved with adequate future
liver remnant (FLR). Second, absolute contraindications to
hepatic resection include current or expected hepatic failure,
the presence of unresectable extrahepatic disease, and
medical co-morbidities precluding safe surgical intervention.
Prior randomized trials have used the following
criteria to define unresectable disease: >4 metastases,
tumor size >5 cm, bilobar involvement, and involvement of
major vascular structures (39,40). However, these outdated
criteria have been largely replaced by the goal for RO
resection with appropriate FLR, generally more than 20%
in normal livers and >30% in livers with impaired function
(41-43). The emphasis on RO resection is important,
because positive resection margins predict an unfavorable
prognosis (37). Although a 1-cm margin was traditionally
defined as an adequate margin, more recent studies suggest
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that any negative margin is acceptable (35,44).

The timing of hepatic metastasectomy in patients
presenting with primary colorectal cancers and synchronous
CRLM is another dilemma. Simultaneous colorectal
resection and hepatic metastasectomy may be considered
to limit the risks of morbidity and mortality with the 2™
operative procedure. De Haas ez al., reported fewer overall
complications with simultaneous colorectal resection and liver
metastasectomy (11% wvs. 24%, respectively); but mortality
rates were similar when compared to staged resections (45).
Other studies have reported similar rates for both morbidity
and mortality with simultaneous resection compared to staged
resections (46-48). Despite these results, some centers still
support a staged resection, with initial colorectal resection
followed by future interval/delayed hepatic resection (35,49,50).
"The management of metachronous CRLM disease is generally
straightforward and involves initial colorectal resection and
later resection of CRLM.

Treatment algorithms for patients with CRLM have
evolved because of improved response rates with the
addition of targeted agents to treatment regimens. Multiple
trials have been shown to significantly increase response
rates when adding bevacizumab or cetuximab to irinotecan
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or oxaliplatin backbone regimens (51-54). For example,
cetuximab was evaluated in the phase II multi-center
CELIM trial. Patients with unresectable CRLM were
randomized to receive cetuximab with either FOLFOX6 or
FOLFIRI (52). The ORR was 68% in the FOLFOX6 arm
and 57% in the FOLFIRI arm (52). RO liver resection was
subsequently performed in 20 of 53 (38%) patients in the
cetuximab/FOLFOXG6 group and in 16 of 53 (30%) patients
in the cetuximab/FOLFIRI group. The increases in ORRs
have ranged between 10-30% with corresponding increased
rates of hepatic resection of 5-20% when cetuximab was
combined with chemotherapy across most studies (29,52,55).
Improvements in ORRs and subsequent rates of surgical
resection have also been observed with bevacizumab.
In the First Bevacizumab Expanded Access Trial (First
BEAT), bevacizumab was added to the investigator’s choice
of fluoropyrimidine-based chemotherapy for patients
with CRLM (54). Of 1,914 patients, 225 were able to
undergo surgery with curative intent (11.8%). Resection
rates were higher in patients receiving oxaliplatin-based
chemotherapy (16.1%) than in those receiving irinotecan-
based chemotherapy (9.7%). Finally, Falcone et al. reported
a 66% ORR with FOLFOXIRI alone, whereas response
rates with single backbone chemotherapy regimens in most
trials were much lower and ORRs have generally increased
with the addition of bevacizumab or cetuximab (20,21,51).
Despite great improvements in response rates
and resectability with standard and targeted agents,
chemotherapy has the potential for liver damage and toxic
side-effects that can affect surgical outcomes. Significant
decreases in liver function have been described with
5-FU, oxaliplatin, and irinotecan and can contribute to
increased perioperative morbidity (43,56). Steatohepatitis,
the accumulation of lipids in hepatocytes leading to
inflammation and fibrosis, has been associated with
irinotecan, while oxaliplatin can cause sinusoidal dilation,
perisinusoidal fibrosis, and occlusion of venules (56-58).
To offset the effects of chemotherapy-associated liver
injury, a delay period from the last dose of chemotherapy
to resection of CRLM is required. The National
Comprehensive Cancer Network (NCCN) recommends
waiting one month from the last dose of chemotherapy to
surgery (59). A time interval of at least 4-6 weeks after the
last dose of chemotherapy is also supported by major trials
(52,54,60). Interestingly, while sinusoidal injury resulting in
the “blue liver” syndrome has been attributed to oxaliplatin,
bevacizumab may have a protective effect by decreasing
the severity of sinusoidal obstruction and damage (61).
Bevacizumab has also been associated with non-liver adverse
effects such as impaired wound healing and increased
risk of intestinal perforation due to its anti-angiogenesis
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properties (23,62,63). For surgical patients who have
received bevacizumab, the NCCN recommends wait-times
of approximately 4-6 weeks after the last bevacizumab dose
before surgery (59). For the anti-EGFR agents cetuximab
and panitumumab, no specific liver toxicity, wound healing,
or other adverse effect which impact surgical care has been
reported; hence, the necessary wait period is similar to that
for non-targeted agents (64,65).

Preoperative treatment strategies

Patients with CRLM may present in a number of different
manners. Common presentations include: (I) unresectable
disease; (IT) borderline resectable disease; and (IIT) resectable
disease. The role of systemic agents and targeted therapies
may be different in each of these conditions (see Figure 1). For
patients with CRLM who are initially declared unresectable,
therapies may be given to optimize shrinkage of the tumor
to convert initially unresectable to resectable disease. This
so called “conversion” therapy may be similar to standard
chemotherapy regimens when patients are considered never
resectable. For patients undergoing treatment for initially
unresectable CRLM, the close involvement of the surgical
team is essential. Patients should be reevaluated for possible
surgical resection after two months of therapy and every
two months thereafter if treatment is continued.

Neoadjuvant therapy is the administration of therapy to
patients who have CRLM that is considered resectable at
time of diagnosis. Advantages to neoadjuvant chemotherapy
include decreasing the size of the CRLM to allow
less extensive liver resection and greater likelihood of
margin negative resection and evaluating disease biology
during treatment. Furthermore, chemosensitivity and
responsiveness can be determined by evaluating treatment
response. Perioperative therapy (i.e., preoperative and
postoperative) with standard regimens was tested in
the EORTC 40983 trial, which evaluated the role of
chemotherapy in patients with resectable CRLM. Increased
PFS was observed in the perioperative FOLFOX4 arm
compared to surgery alone (66), however, follow-up survival
analysis did not demonstrate significant differences in OS
between the two treatment arms (67).

Adjuvant chemotherapy and targeted agents

After resection of liver metastases, up to 70% of patients
may develop recurrence of disease either in the liver or
in extra-hepatic locations, thus providing rationale for
postoperative or adjuvant chemotherapy (68). However,
data for systemic therapies in this setting is severely lacking.
If data from patients with stage III disease were extrapolated
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Figure 1 Summary of treatment recommendations in potential surgical patients with metastatic colorectal cancer

to stage IV patients, then chemotherapy regimens would
be recommended since recurrence was lower and OS was
higher with adjuvant chemotherapy. However, neither
bevacizumab nor cetuximab in the adjuvant setting provided
survival benefits when combined with chemotherapy in
stage I1I trials (69,70). Regardless, it may not be reasonable
to compare complete resection of disease in stage III
patients who have locoregional disease with stage IV
patients who have distant metastatic disease. Currently, no
Level 1 recommendation based on a randomized trial can
be made regarding adjuvant targeted therapy after resection
of CRLM. Nevertheless, most patients will receive some
form of adjuvant therapy given the improved outcomes with
standard and targeted therapies in patients with mCRC.

Management of the primary tumor

The management of the primary tumor is a topic of
controversy in patients with unresectable mCRC. The
current strategy is to leave the primary cancer in place
unless there are complications that include bleeding,
obstruction, or perforation. This strategy is based upon
the observation that patients receiving chemotherapy or
targeted agents do not have increased rates of complications
or emergent resections (NSABP C-10) (71). However, a
recent retrospective analysis suggested a potential survival
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benefit with resection of the primary tumor when mCRC
was unresectable (72). More work is needed to clarify the
most appropriate management of the primary tumor in
patients with unresectable mCRC.

The future is now: novel targeted agents

Ziv-aflibercept and regorafenib are two newly approved
targeted agents for mCRC. Ziv-aflibercept is a soluble
recombinant protein that acts as a “trap” for multiple
angiogenic factors (73). This protein interferes with
angiogenesis by binding to VEGF-A, VEGF-B, and
placental growth factor (PIGF), thus “trapping” these
growth factors and preventing binding to and activation of
VEGEF receptors, thereby interfering with angiogenesis.
In the phase III randomized, double-blind, multi-national
VELOUR trial, patients with mCRC previously treated with
oxaliplatin were randomized to receive ziv-aflibercept or
placebo every two weeks in combination with FOLFIRI (33)
with the primary endpoint of OS. At a median follow-
up time of 22.3 months, patients receiving ziv-aflibercept
had significant increases in both OS (median, 13.5 vs.
12.1 mos, respectively) and ORR (19.8% wvs. 11.1%,
respectively) when compared to placebo. Thus, ziv-
aflibercept is now FDA approved for second-line use in
combination with FOLFIRI or irinotecan in patients with
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disease progression on oxaliplatin. There are no studies in
surgical patients as of yet.

Another oral agent, regorafenib, has also been
investigated in the treatment of mCRC. Regorafenib
inhibits multiple tyrosine kinases and possesses anti-
angiogenic properties, specifically targeting VEGFR1-3,
the angiopoietin receptor TIE2, RAF, PDGEFR, fibroblast
growth factor receptor (FGFR), as well as KIT and RET
(74,75). In the multi-national phase III CORRECT trial,
patients with mCRC who had progressed on standard
therapy were randomized to regorafenib or best supportive
therapy with a primary endpoint of OS. Patients who
received regorafenib had improved OS (median, 6.4 vs.
5 mos, respectively) (34). Therefore, regorafenib is now
indicated as a single agent in patients with mCRC refractory
to chemotherapy. Currently there is no data in surgical
patients; therefore, retrospective reports and prospective
trials will help determine the role and safety of these agents
in surgical patients with CRLM.

Summary

Great advances have been made in the management of
patients with mCRC in the past three decades. Without
treatment, patients with CRLM had a life expectancy of
4.5-12 months (76,77). The prognosis of patients with
metastatic colorectal cancer of the liver has improved
significantly over the past decade. Surgical resection of
CRLM is still considered the only curative option and
advances in surgical techniques and technology have
increased the rates of patients with CRLM who may
undergo hepatic resection. However, the management of
CRLM mandates a multi-disciplinary effort because of the
complexity of liver surgery and the tremendous advances in
targeted therapies.
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