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Abstract
Colon cancer therapies have improved patient outcomes significantly over the last decades in both
the adjuvant and metastatic settings. With the introduction of a number of novel agents, both
traditional chemotherapies and biologically targeted agents, the need to identify subgroups that are
likely and not likely to respond to a particular treatment regimen is paramount. This will allow
patients who are likely to benefit to receive optimal care, while sparing those unlikely to benefit
from unnecessary toxicity and cost. With the identification of several novel biomarkers and a
variety of technologies to interrogate the genome, we are already able to rapidly study patient
tumor or blood samples and normal tissues to generate a large dataset of aberrations within the
cancer. How to digest this complex information to obtain accurate, reliable, and meaningful results
that will allow us to provide truly personalized care for colon cancer patients is just starting to be
addressed. In this article, we briefly review the history of colon cancer treatment, with an
emphasis on current clinical standards that incorporate a ‘personalized medicine’ approach. We
then review strategies which will potentially improve our ability to individualize therapy in the
future.

II. The Promise of Personalized Cancer Care
Colon cancer (CC) is the fourth most common cancer, and is the second leading cause of
cancer deaths in the United States.1 In 2009 there were 106,100 new cases and an estimated
49,920 deaths. The main prognostic factor for survival or relapse after surgery of localized
disease is tumor stage. 23 While stage I CC is usually cured by surgery alone, adjuvant
chemotherapy is currently recommended for stage III and high risk stage II cancers. About
75% of patients with stages I–III CC, can be cured with surgical intervention alone,
however. In stage III CC, 40–50% of patients are cured by surgery, while approximately
35% of patients will relapse, despite adjuvant chemotherapy. 4 Thus, in the stage III setting,
most patients who are candidates for adjuvant chemotherapy are treated, though the majority
either do not require adjuvant treatment or do not benefit from it. The role of adjuvant
chemotherapy is even more difficult to define in stage II CC as 60–70% of stage II patients
are cured with surgery alone, and 15–20% relapse despite adjuvant chemotherapy. 5 The
QUASAR study randomized 3239 CC patients at a low risk for disease recurrence to
observation or 5-fluorouracil/folininc acid (5-FU/FA), 92% of these patients had stage II
colorectal cancer (CRC). The benefit of 5-FU/FA was only 3.6% at 5 years, indicating that
96% of patients received chemotherapy unnecessarily. 6
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In the metastatic setting, patients are treated with the standard first- and second-line
chemotherapy regimens, 5FU/LV with oxaliplatin (FOLFOX) and 5FU/LV with irinotecan
(FOLFIRI), in either order, 7 combined with the anti-VEGF monoclonal antibody
bevacizumab, and the anti-EFGR antibodies, cetuximab or panitumumab. 8 Given our
inability to predict those who will and will not respond to these therapies, all patients
typically receive all of these agents throughout the course of their management, with the
exception of the EGFR inhibitors that are now omitted in patients with tumors that harbor
mutated KRAS 9.

Although significant improvements have been made in CC outcomes over the past few
decades, we need better tools to identify which poor prognosis early-stage patients will
benefit from adjuvant therapy, and we require more robust predictive markers to help us
tailor therapies for each specific patient with more advanced disease. We are currently
poised to do this, by using novel technologies and computer software programs that provide
the tools to unravel the complexities of CC biology, allowing for the development of
personalized colon cancer care. 10

In this review, we briefly discuss historical aspects that have led to the current standard CC
treatments. We then discuss the current clinical circumstances and biomarkers that have
already become incorporated into the personalization of CC care. We then review novel
potential biomarkers that are showing promise in this arena, and discuss the integration of
high-throughput genome wide studies and systems biology as a means to enhance our
assessment of prognosis and tailor our interventions, in order to optimize clinical benefit,
reduce toxicity, and minimize cost.

III. The History of Colon Cancer Care – the previous millennium
Evaluating 5-Fluorouracial/Leucovorin – Metastatic and Adjuvant Settings

Until the turn of the century, treatment options were limited for CC patients, both in the
metastatic and adjuvant settings. 11 For more than 40 years, 5-fluorouracil/leucovorin (5-FU/
LV) was the standard of care for mCC, and the results of 25 years of clinical trials in the
adjuvant setting led to the acceptance of 5-FU/LV as the standard of care for patients with
node-positive CC.512 Many of the clinical trials that were conducted in the 1980s and 1990s
were designed to address the schedule-dependent mode of action of 5-FU and evaluated
differences in efficacy and toxicity of different dosing schedules.13–15 Several trials and
meta-analyses determined that infusional administration of 5-FU over several days or
continuously was at least as effective as bolus 5-FU/LV, achieving similar median survival
outcomes, and causing fewer severe toxicities.51216–22 Due to better response rates and
perceived convenience, bolus 5-FU/LV became the American standard of care for mCC
patients, and remained so until 2000. In Europe, infusional regimens were preferred,
particularly, the de Gramont regimen of every-2-week 5-FU/LV combining bolus with
infusional 5-FU/LV (5FULV2).22 These short infusional regimens became the backbone for
combination with the next generation of chemotherapy agents, oxaliplatin and irinotecan
(Table 1).

IV. Next Generation Cytotoxics and Biologics – the last 10 years
Metastatic Colorectal Cancer: Oxaliplatin and Irinotecan

The topoisomerase I inhibitor irinotecan was introduced as monotherapy for patients with
mCC refractory to 5-FU/LV,2324 and soon became standard of care in the second-line
setting, improving median overall survival (OS) from 6.5–8.5 months for best supportive
care (BSC) to 9.2–10.8 months for irinotecan.2425 The addition of irinotecan to the 5-FU/LV
backbone in the first-line setting improved outcomes in two randomized trials, one using
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bolus 5-FU (IFL)26, and the other with combined bolus and infusional 5-FU (FOLFIRI)27.
In both trials, the addition of irinotecan improved the response rate and the median overall
and progression-free survival time, thus the combination of irinotecan with a 5-FU based
regimen replaced 5FU/LV as the standard first-line therapy for mCC.

The platinum derivative oxaliplatin has a similar mechanism of action to other platinum
agents, although the anti-tumor profile differs from cisplatin.28 When oxaliplatin was
initially combined with 5FU-LV for first-line treatment of mCC, the combination yielded
higher response rates and a longer PFS compared with 5-FU/LV, though because of
crossover and a small sample size, it did not lead to an improvement in overall survival.29 A
phase III trial demonstrating a higher response rate and longer time to progression (TTP) in
the second line setting with oxaliplatin plus infusional 5FU/LV versus either alone, led to
FDA approval of this regimen for mCC refractory to irinotecan plus 5FU/LV.30 It was
subsequently shown, in the a large Intergroup trial, NCCTG 9741, that first-line FOLFOX
was superior in efficacy and safety to IFL or the combination of irinotecan and oxaliplatin
(IROX), and it had a more favorable toxicity profile, except for increased peripheral
neuropathy.31 Although there were several nuances in trial design that have been
controversial,11 FOLFOX became a standard of care for first line therapy for mCC.

The combination of 5FU/LV, oxaliplatin, and irinotecan, (FOLFOXIRI) was compared to
FOLFIRI in the first line setting, but did not show any difference in OS, PFS, or response
rates, but FOLFOXIRI did have a significantly higher incidence of neuropathy, diarrhea, and
alopecia.32 However, in a separate trial, Falcone et al reported that PFS and OS were both
significantly improved in the FOLFOXIRI arm (median PFS, 6.9 v 9.8 months; hazard ratio
[HR], 0.63; P = .0006; median OS, 16.7 v 22.6 months; HR, 0.70; P = .032).33 A meta-
analysis of these two trials reported that FOLFOXIRI conferred significant benefit in PFS,
survival, response and oligometastatic R0 resection rates but was more toxic compared with
FOLFIRI.34 Long-term followup of patients treated with FOLFOXIRI showed that of 196
patients treated, 19% went on to have oligometastectomy, and after a median follow up of
67 months, 5-year and 8-year survival were 42% and 33% respectively.35 Given the higher
toxicity and lack of consensus on its superiority over standard therapy for the majority of
patients, this regimen is used sparingly in practice. These trials are summarized in Table 1.

Metastatic Colorectal Cancer: Oral Fluoropyrimidines
Oral fluoropyrimidines became available at the same time as the studies which evaluated the
incorporation of irinotecan and oxaliplatin into the treatment of mCC. Capecitabine is an
oral pro-drug of 5-FU that is preferentially metabolized within tumor cells and the liver to 5-
FU.3637 Two randomized trials demonstrated the non-inferiority of capecitabine to both
infusional and bolus 5FU/LV in mCC patients.3839 Reversible grade 3 hand-foot syndrome
and grade 3/4 hyperbilirubinemia were more frequent in the capecitabine arms. Single-agent
capecitabine was thus FDA approved in the U.S. in 2002 for first-line therapy where
combination therapy is not recommended.

A number of clinical trials, summarized in Table 1, have demonstrated the non-inferiority of
the combination of capecitabine and oxaliplatin (CapeOx) to FOLFOX.40–43 The
combination of capecitabine and irinotecan (CAPIRI), however, resulted in intolerable
toxicities and a shorter PFS in 2 randomized trials, effectively discouraging use of this
regimen, especially in the U.S. where capecitabine is less well tolerated at standard
doses.54144–47 Replacing 5FU/LV with capecitabine and evaluating the sequential efficacy
of combination versus single-agent therapy did not show any differences in OS in the
CAIRO or MRC-FOCUS trials.4849 This additional option of either an oral or intravenous
fluoropyrimidine in combination with oxaliplatin, or as a single-agent, allows for further
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individualization of care of CC patients, depending on patient performance status and if
tumor response is the desired outcome.

Metastatic Colorectal Cancer: Sequence of Therapy
The optimal sequence of therapy for mCC has been addressed in randomized trials.74849

Tournigand et al evaluated FOLFIRI then FOLFOX or the reverse sequence and reported no
significant differences in OS and first-line response rates between the two approaches.7 The
toxicity profiles of the two regimens were significantly different: FOLFIRI caused more
grade 3/4 mucositis, nausea/vomiting, and diarrhea, while neutropenia and neurotoxicity
were more common with FOLFOX. These differences in toxicity profiles between FOLFOX
and FOLFIRI, and the ability to choose between two relatively equivalent regimens,
provided yet another opportunity (after choosing between infusional, bolus, or oral
fluoropyrimidine) that allowed for the personalization of mCC care, in this case, based on
anticipated side-effect profiles and patient preferences and co-morbidities.

Metastatic Colorectal Cancer: Duration of Therapy
Optimal treatment duration was addressed by the OPTIMOX-1 and OPTIMOX-2 trials.5051

In OPTIMOX-1, FOLFOX given until disease progression was compared to FOLFOX7
(which uses a higher dose of oxaliplatin and omits of the myelopsuppressive bolus 5-FU)
given for 12 weeks, with planned interruption of the oxaliplatin and continued 5FU/LV
alone as maintenance, and planned re-introduction of oxaliplatin at 6 months or at disease
progression, whichever came first. There were no differences in response rates, PFS, or OS,
validating the intermittent use of oxaliplatin. Moreover, neurotoxicity was significantly
reduced with planned interruption of oxaliplatin treatment.

OPTIMOX-2 went a step further, giving planned chemotherapy breaks, using an otherwise
similar trial design. This trial was planned as a phase III but converted to a smaller phase II
trial after bevacizumab was introduced, so the survival data should be interpreted with
caution. Nevertheless, the arm with planned chemotherapy breaks had an inferior OS,
suggesting that this is not the best approach, but it can be an option to individualize patient
treatment based on patient preferences, particularly if there is a strong early response that is
durable beyond 6 months.

The recently reported MACRO phase III trial randomized 480 first-line patients to either
CapeOx-bevacizumab until progression (n=239) or CapeOx-bevacizumab for 6 cycles then
single-agent bevacizumab (n=241), and observed no statistical differences in RR, PFS, or
OS between the groups, but failed to meet its non-inferiority PFS primary endpoint (11 vs
10.3 months, p=0.59; HR 1.07 95% CI 0.84–1.36). (J Clin Oncol 28:15s,2010(suppl; abstr
3501). The 4-arm DREAM-OPTIMOX-3 phase III study evaluated FOLFOX or CapeOx
and bevacizumab, with or without erlotinib. Given the increased toxicity, the combination of
a fluoropyrimidine, oxaliplatin, bevacizumab, and erlotinib was deemed not feasible, and
this ongoing study was amended to evaluate bevacizumab plus erlotinib as maintenance
after completing 6 cycles of chemotherapy with bevacizumab. (J Clin Oncol 25(18S):187s,
2007;absr 4097) The GISCAD FOLFIRI trial reported that alternating 2 months of FOLFIRI
treatment with 2 months of chemotherapy break obtained the same survival as a continuous
treatment, thus reducing patient toxicity as well as the economic costs.(Journal of Clinical
Oncology, 2006 ASCO Annual Meeting Proceedings Part I. Vol 24, No. 18S, 2006: 3505).
The MRC-COIN 3-arm trial (CapeOx or FOLFOX with or without cetuximab) had an
intermittent chemotherapy arm that showed a 9% increase in relative risk of death with a
significant hazard ratio (HR) of 1.084, when compared to the two continuous chemotherapy
arms. (Journal of Clinical Oncology, 2010 ASCO Annual Meeting Proceedings, Abstr.
3525) The results of these trials evaluating optimal therapy duration provide more flexibility
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and personalization of mCC care enabling physicians to incorporate individual patient
circumstances throughout the course of therapy, allowing for intermittent maintenance or
complete breaks, with little to no adverse effect on overall clinical outcomes.

Metastatic Colorectal Cancer: Novel Biologic Therapeutics – anti-angiogenics
Bevacizumab is a monoclonal antibody that binds to and sequesters vascular endothelial
growth factor (VEGF). Given the absence of benefit as a single-agent, bevacizumab was
evaluated in combination with the standard chemotherapy regimens discussed above. The
first phase III trial to demonstrate front line efficacy was a phase III trial of IFL with
bevacizumab or placebo, which led to an improvement in OS of 4.7 months along with a
statistically significant improvement in PFS in the bevacizumab arm.52 Since IFL was
replaced with FOLFOX and FOLFIRI, these regimens plus bevacizumab (FOLFOX-bev,
FOLFIRI-bev) were widely adopted for first-line use in the U.S.45

The N016966 trial evaluated bevacizumab in the front-line setting with either FOLFOX or
CapeOx in a placebo-controlled 2 by 2 design.53 Bevacizumab improved PFS in this trial,
but response rates were not improved, and the differences in OS were not statistically
significant (p=0.077). Since FOLFIRI-bev and FOLFOX/CapeOx-bev have not been
directly compared in the first-line setting, either is currently considered acceptable, with
patient preference and the side-effect profile contributing to the decision making.

The continued use of bevacizumab in the second-line setting beyond progression (BBP) was
addressed in the BRiTE prospective, observational study, which showed that patients who
received BBP (n=642) had a median OS of 31.8 months compared to 19.9 months for those
who did not (n=531), suggesting that continued BBP might be beneficial.54 This question is
currently under prospective investigation in the iBET SWOG 0600 randomized phase III
trial which compares irinotecan-cetuximab and bevacizumab to irinotecan- cetuximab
alone,55 and in the SPIRITT randomized phase II trial,5657 in which KRAS wild type patients
receive second-line FOLFIRI and are randomized to either panitumumab or bevacizumab.

No other angiogenesis inhibitors have shown efficacy in mCC, including sunitinib as a
single-agent,58 or in combination with FOLFIRI or FOLFOX. The small molecule VEGFR
inhibitor cediranib (AZD2171) was evaluated in the Horizon-2 (FOLFOX +/− cediranib)
and Horizon-3 trials (FOLFOX-bev vs. FOLFOX-cediranib); both studies were negative.
PTK/ZK 7787, another oral VEGFR inhibitor, failed to improve OS in the first
(CONFIRM-1) or second (CONFIRM-2) line studies. (Journal of Clinical Oncology, 2007
ASCO Annual Meeting Proceedings Part I. Vol 25, No. 18S (June 20 Supplement), 2007:
4033) However, PTK/ZK 7787 reportedly improved PFS significantly in the overall
population, and showed improved PFS and OS in patients with high baseline serum LDH.
While encouraging, there are no prospectively validated predictive markers in routine use to
help identify those patients most likely to benefit from bevacizumab or other anti-angiogenic
therapies.

Metastatic Colorectal Cancer: Novel Biologic Therapeutics – anti-EGFR agents
Cetuximab and panitumumab are monoclonal antibodies (chimeric human-mouse, and fully
human, respectively) that block the ligand-binding site of the epidermal growth factor
receptor (EGFR), consequently inhibiting the transduction of this signal intracellularly.5960

The BOND trial evaluated patients with mCC that was irinotecan (100%) and oxaliplatin
(63%) -refractory CC with single single-agent cetuximab or combination cetuximab and
irinotecan.61 The combination achieved a response rate of 22.9% compared to 10.8% for
single-agent cetuximab; median TTP was 4.1 and 1.5 months, respectively. The NCIC
evaluated cetuximab versus best supportive care (BSC) in unselected patients with chemo-
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refractory (fluoropyrimidine, oxaliplatin, irinotecan) mCC; cetuximab improved PFS (HR
0.68, p<0.001) and OS (HR 0.77, p=0.005) in this setting.62 Panitumumab demonstrated
similar anti-tumor activity as a single-agent in patients with chemotherapy refractory mCC,
showing an overall response rate of 10% and a very modest improvement in PFS compared
with BSC (8 vs. 7.3 weeks).63 These trials established the utility of these antibodies in the
second and third-line setting in patients with chemo-refractory mCC.

The CRYSTAL trial evaluated FOLFIRI plus or minus cetuximab in the front-line setting
and achieved a statistically significant improvement in PFS (only 27 days), but it increased
toxicity, specifically diarrhea and skin rash.6465 (J Clin Oncol 28:15s, 2010 (suppl; abstr
3570)) There was a survival advantage for patients with KRAS wild-type tumors in the
cetuximab arm (HR 0.796, p=0.0093). The OPUS phase II trial, which looked at front-line
FOLFOX with or without cetuximab, reported a higher overall response rate favoring the
cetuximab arm (45.6% versus 35.7%).66 PFS was not statistically superior in the intention-
to-treat arm, but it was better in the KRAS wild-type subgroup analysis.66

Similarly, the PRIME trial (FOLFOX +/− panitumumab) showed an improved PFS in wild-
type KRAS tumors (p=0.02), although the OS endpoint did not reach significance. J Clin
Oncol 28:15s, 2010 (suppl; abstr 3528) In contrast, the MRC-COIN (CapeOx or FOLFOX
+/− cetuximab) phase III trial reported no significant differences in PFS and OS when anti-
EGFR antibodies were added to first line therapy in KRAS wild-type patients. (J Clin Oncol
28:15s, 2010 (suppl; abstr 3502)) (Table 1,2)

Metastatic Colon Cancer: EGFR inhibition and KRAS mutation
KRAS is a GDP/GTP binding protein that facilitates ligand-dependent receptor tyrosine
kinase (RTK) intracellular signaling, and is a known oncogene that is mutated in codons 12,
13, and 61 of exon 2 in approximately 29% of all human cancers.67 In colon cancer, the
mutation frequency is approximately 35–45%. It is now known that these mutations lead to
independent activation downstream of several RTKs, including EGFR.967

In the CRYSTAL trial discussed above65 (Table 2), a retrospective analysis reported a KRAS
mutation in 35.6% of the 540 patient samples available for testing. There was no benefit
from the addition of cetuximab to FOLFIRI in PFS (p=0.47) or overall response rate
(p=0.46) for those patients with KRAS mutations. This contrasts with KRAS wild-type
tumors, where the addition of cetuximab improved PFS from 8.7 months to 9.9 (p=0.017)
and the response rate from 43.2% to 59.3% (p=0.0025). The OPUS randomized phase II trial
showed similar findings, with an improved response rate from 37% to 61% (p=0.0163) but a
minimal difference in PFS from 7.3 to 7.7 months.67 CAIRO-2, randomizing CapeOx-bev +/
− cetuximab, also substantiated these findings in 528 patients, with KRAS mutant tumors
having a worse PFS, 9.4 months, compared with 10.7 months in the wild-type group with
the addition of cetuximab (p=0.01).68 The EVEREST trial (J Clin Oncol 26: 2008 (May 20
suppl; abstr 4001) randomized patients with grade 0/1 rash to escalated cetuximab versus
standard dosing. The 37% of patients with a KRAS mutation did not benefit from either
arm.67

The effect of KRAS mutation on the efficacy of panitumumab was evaluated in 427 of the
463 (92%) of patients in the phase III trial discussed above.63 Responses were only observed
in patients with wild-type KRAS (p<0.0001).69 In a 747 patient cohort, 40% of samples were
KRAS mutated. Treatment with panitumumab acheived response rates of 6.7% in KRAS
mutants versus 35.8% in wild type (p<0.0001), median PFS was 12 weeks and 24 weeks,
respectively (HR 1.98, p<00001).70
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Based on these studies, KRAS testing has become routine to exclude treatment with EGFR
inhibitory antibodies for those CC patients with a KRAS mutation. Testing has been
standardized to assess for 7 common point mutations in codons 12 and 13 using a number of
methods, including dideoxysequencing, pyrosequencing, allele-specific amplification
techniques, allele discrimination, multiplex PCR, and PCR-restriction fragment length
polymorphism, reviewed elsewhere.67 These studies are summarized in Table 2. There is a
suggestion that different KRAS mutations have differing sensitivities to cetuximab, and
prospective randomized trials may be warranted to evaluate cetuximab therapy in the G13D
mutant alleles.71

Metastatic Colorectal Cancer: Combined Biologic Therapeutics
The BOND-2 randomized phase II trial (Table 1) evaluated the concurrent administration of
bevacizumab and cetuximab with or without irinotecan in 83 patients with irinotecan-
refractory mCC.72 The response rate in the irinotecan arm was encouraging, at 37%,
compared with 20% in the dual antibody alone arm. The much larger phase III PACCE
study assigned patients to FOLFOX-bev or FOLFIRI-bev, and then randomized them to
either receive or not receive panitumumab. This trial completed accrual but was terminated
after a pre-planned efficacy analysis at 231 events showed a shorter PFS in the
panitumumab arm.73 The CAIRO-2 trial confirmed the results of the PACCE trial, by
demonstrating that CapeOx-bev plus cetuximab produced inferior response rates and PFS
than CapeOx-bev alone.68

The data from the PACCE and CAIRO-2 trials indicate that combination bevacizumab and
EGFR inhibitory monoclonal antibody cannot be recommended in the front-line metastatic
setting as a standard of care.

Stage II and III Colon Cancer – oxaliplatin
Given the improvements observed in metastatic CC using oxaliplatin and 5-FU
combinations, similar strategies were pursued in the adjuvant setting. Data from the
MOSAIC and NSABP C-07 trials (Table 3) confirmed the superiority of the
oxaliplatin-5FU/LV arm over 5FU/LV alone in.74–76 The MOSAIC trial showed 5-year DFS
rates of 73.3% and 67.4% for the FOLFOX-4 and 5FU/LV2 arms, respectively (HR = 0.8;
p=0.023); 6-year OS rates were 78.5% and 76% respectively (p=0.046). The stage III
subgroup (60% of patients) had an even larger benefit, 72.9% versus 68.7% for addition of
oxaliplatin. The C-07 trial showed a similar improvement in DFS in the FLOX regimen
(oxaliplatin added to weekly bolus of 5-FU/LV) (HR of 0.8, p<0.004) to that of the
MOSAIC trial. FOLFOX thus became the standard of care for adjuvant treatment of stage
III patients. In the stage II setting, it was recommended that patients and physicians have a
discussion of the risks and benefits of therapy. The N016968 trial evaluating CapeOx versus
5FU/LV in stage III patients was recently reported to improve 3, 4, and 5 yr DFS (5 yr
66.1% vs 59.8%, p<0.0045). (J Clin Oncol (Meeting Abstracts) 2010 28: 3521) The
appropriate duration of therapy in the adjuvant setting, 3 versus 6 months, is currently being
evaluated.77

Stage II and III Colon Cancer - irinotecan
Unfortunately, the benefits observed with irinotecan in the advanced setting did not translate
to similar benefits in the adjuvant setting (Table 3). Three studies of irinotecan added to
5FU/LV failed to show improvement compared with the control arm. CALGB 89803
studied IFL versus bolus 5FU/LV in stage III colon cancer patients, and failed to
demonstrate improvement in DFS or OS for IFL.78 The ACCORD-2 trial and the
PETACC-3 studies, which compared infusional 5FU/LV with or without irinotecan,
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similarly did not meet their primary end points of superiority over the 5FU/LV control
arm.7980

Stage II and III Colon Cancer – oral fluoropyrimidines
The X-ACT trial evaluated the equivalence of capecitabine at a dose of 1250mg/m2 BID to
bolus 5-FU/LV in stage III CC, and confirmed that it is a reasonable alternative to infusional
5-FU, analogous to the mCC setting.81 As above, the N016968 trial evaluating CapeOx
versus 5FU/LV in stage III patients recently reported an improved 3, 4, and 5 yr DFS for the
CapeOx regimen.

Stage II and III Colon Cancer: anti-angiogenics and EGFR inhibitors
Despite its proven benefit in mCC, the addition of bevacizumab to FOLFOX6 recently
failed to demonstrate benefit in the NSABP C-08 adjuvant trial.8283 (J Clin Oncol 27:18s,
2009 (suppl; abstr LBA4)) The effect of prolonged bevacizumab maintenance will be
addressed in the NSABP C-12 trial. The formal results of the AVANT trial, which compared
FOLFOX4 to FOLFOX4-bev and CapeOx-bev, are expected shortly.

Similarly, the N0147 trial, which evaluated cetuximab in combination with FOLFOX,
versus FOLFOX alone in the adjuvant setting, failed to show an advantage in DFS, in either
KRAS wild type or mutant tumors. 78 (J Clin Oncol 28:15s, 2010 (suppl; abstr 3508); J Clin
Oncol 28:18s, 2010 (suppl; abstr CRA3507)). The ongoing PETACC-8 trial is also testing
the question of the value of adding cetuximab to chemotherapy in KRAS wild type tumors.
At present, the use of KRAS testing to guide therapy in the adjuvant setting has not resulted
in any definitive guidelines, as KRAS status has not had any prognostic or predictive impact
in a number or retrospective analyses.84

It is important to note that even in mCC, only about 40% of the KRAS wild type patients
derive benefit from cetuximab.6483 Other molecular aberrations that are likely to further
define EGFR inhibitor sensitivity may shortly become part of standard personalized clinical
care, and are discussed further below.

The need to personalize stage II adjuvant therapy further
Stage II tumors have a wide range of 5 year OS rates, ranging from 87.5% (IIA) to 58.4%
(IIC).3 Meta-analyses are conflicting in terms of reported benefit in OS or DFS in patients
who receive adjuvant chemotherapy.164385 The QUASAR study, which enrolled 3239
patients, of which 92% of patients were stage II, included 29% who had rectal cancer.6
Patients were randomized to receive 5FU/LV or observation, and in an analysis of only
those patients with stage II disease CRC (including those with rectal cancer), a small
reduction in the risk of death at 5 years (p=0.04) was still present. The available data support
recommending adjuvant treatment in high-risk stage II patients. The definition of ‘high-risk’
varies in different studies, however. Some, but not all studies have included in this definition
T4 tumors, pericolonic tumor deposits (N1c -which now upstages otherwise node negative
tumors to IIIA or IIIB, depending on T),3 mismatch repair status (see below), occlusion/
perforation at presentation, poorly differentiated histology, lymphovascular invasion, and
<12 lymph nodes sampled. It is clear that criteria other than pathologic stage and these high-
risk features are necessary to improve prognosis, so that truly high-risk patients can receive
therapies that offer a benefit, while patients with a low risk of recurrence are spared from
unnecessary treatment.

Tailoring Adjuvant Therapy in Stage II Disease: Microsatellite Instability (MSI)
Microsatellite (MS) DNA consists of short nucleotide repeats and is abundant throughout
the human genome. Microsatellite instability (MSI), where these repeats are aberrantly
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lengthened or shortened, has a recognized contribution to cancer pathobiology.86 MSI is a
consequence of deficient mismatch repair (dMMR) of DNA due to loss of function of the
MLH1, MSH2, MSH6, and PMS2 genes. Loss of these genes, usually as germline mutation,
occurs in 80% of hereditary nonpolyposis colon cancers (Lynch syndrome) that typically
occur at young ages. MSI is also associated with 15–20% of sporadic colon cancers.

dMMR sporadic colon cancers result primarily from aberrant genome-wide epigenetic
methylation that results in decreased transcription of MMR genes, particularly MLH1. When
MMR function is lost, either through germline loss-of-function mutation or via somatic
promoter methylation, then MSI occurs throughout the genome in prone regions of the
DNA. When MSI occurs in critical proteins that contain MS loci, namely tumor suppressors
(eg. TGFB1, TGFB2, BAX), this leads to their inactivity, and hence contribution to
tumorigenesis.86 The MMR system is capable of recognizing certain DNA adducts caused
by exogenous alkylation damage.86 MMR can also recognize 5-FU, despite its inability to
deform DNA, and it is postulated that tumor cells with intact or proficient MMR (pMMR)
can recognize the incorporation of a fluoropyrimidine into DNA with consequent activation
of the signaling cascade leading to apoptosis, whereas cells with dMMR cannot.8687

MSI can be detected by standardized testing of 5–10 MS loci using PCR and/or
immunohistochemical (IHC) stains of tissues to detect decreased protein expression88. PCR
results are reported as MSI-high (unstable in ≥30% of markers), MSI-low (unstable in 10–
30%) and MS stable (MSS) in cases with <10% instability. Complete lack of MMR protein
(particularly MLH1) expression by IHC is an alternative to PCR testing.88

Clinically, dMMR status is associated with lower stage, better prognosis, right-sided tumor
location and lack of benefit from 5-FU based adjuvant chemotherapy, making it a prognostic
as well as an apparent predictive marker, as determined from retrospective tissue analyses of
the PETACC-3, QUASAR and CALGB 89803 trials.689–91

MSI was evaluated as a prognostic factor in the PETACC-3 study. Patients with both stage
II and III disease and MSI-H had an improved DFS and OS when compared to the MSS and
MSI-L groups.89 (J Clin Oncol 27:15s, 2009 (suppl; abstr 4001)) Restricting the analysis to
stage II patients, the improved prognosis was even more apparent (HR 0.159, p=0.011)
while there was a non-significant trend toward improved prognosis in stage III patients (HR
0.699, P=0.12). Recent reports showed a significantly improved OS in patients with MSI-H
tumors who relapsed (HR 0.51 [0.28–0.95], p<0.034). (J Clin Oncol 28:15s, 2010 (suppl;
abstr 3504)) Similarly, the QUASAR study showed MSI-H to have an improved DFS (HR
0.31, p<0.001), and it was an independent prognostic marker for stage II patients.

A recent meta-analysis of 1,027 patients pooled from 5 trials (FFCD 8802, NCCTG 79–48–
52, NCCRG 87–46–51, INT0035, and GIVIO) who were randomized to 5-FU based
chemotherapy with levimasole or LV or surgery alone showed that approximately 15% of
patients had dMMR.91 In those stage II and stage III patients with dMMR who were treated
with surgery alone (79/515), an improved DFS (HR 0.51, p=0.009) and OS (HR 0.47,
p=0.004) were observed compared to those with proficient MMR (pMMR). In subgroup
analyses, stage II patients with dMMR appeared to do worse with 5-FU treatment (NS
p=0.9), and stage III patients did not benefit. In 5-FU treated patients, there was a clear
benefit for pMMR patients (n= 426), as the poor prognosis that was seen in the untreated
patients was nullified by 5-FU treatment. Subgroup analysis of the pMMR patients treated
with 5-FU showed an improved DFS in stage III (surgery alone, N = 222, 5-FU-treated, N =
212) patients (HR 0.64, p=0.001), while stage II patients (surgery alone, N = 214, 5-FU-
treated, N = 214) trended towards an improved DFS, which did not reach statistical
significance (HR 0.84, p=0.38).
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Based on these collective results, it is now strongly recommended to test all stage II CC
patients for dMMR by MSI DNA analysis, as well as to consider excluding those stage II
patients with MSI-H tumors from receiving adjuvant chemotherapy. It is important to keep
in mind, however, that the predictive value of MSI testing in the adjuvant setting,was
developed from clinical trials using older chemotherapy regimens and does not address the
question of the potential benefit of FOLFOX in this setting. Also, the recently suspended
ECOG 5202 addresses the question of FOLFOX +/− bevacizumab in pMMR stage II higher
risk tumors.92

The value of MMR as a predictive marker for cytotoxics other than 5-FU,is unclear. The
CALGB 89803 reported a higher 5 year DFS rate in stage III dMMR CC treated with
irinotecan/5-FU compared to those with pMMR.90 This difference was not observed in
patients treated with 5-FU/LV alone. However, the PETACC-3 study failed to confirm these
results.84 It is possible that the differences seen in the two trials are due to selection of
different stage patients and different MSI-H definitions; 89803 used a higher cutoff of ≥5
MSI loci to qualify as MSI-H compared to the PETACC-3 analysis.84 The issue of MSI
status and its ability to predict the potential benefit of irinotecan in the adjuvant setting is not
resolved to date because of these discrepant retrospective analyses. Given that MSI-H
patients have relatively good clinical outcomes and given the three negative trials of
adjuvant irinotecan discussed above,78–80 definitive prospective results may be difficult to
acquire.

V. Current Practices that Personalize Colon Cancer Therapy
Despite the recently obtained insights described above, oncologists are still limited in their
ability to individualize therapy for their patients with colon cancer. In the metastatic setting,
personalized care includes a choice between oral or infusional 5-FU/LV and a choice of the
cytotoxic chemotherapies irinotecan or oxaliplatin, based on the acceptable toxicity profile,
as each may be preferred in specific circumstances. Integrated anatomical-metabolic
imaging with FDG PET/CT has an established role in selected patients, leading to improved
staging and restaging, to assist in accurately assessing potentially resectable disease, and
thus directly impacting patient management in these cases.9394 Treatment of the elderly,
usually defined as those >70 years old, has been debated without development of definitive
guidelines; recommendations are left to the clinical experience of the treating oncologist.9596

More specific to tailoring therapy with molecular markers, KRAS testing for mutation to
determine eligibility for EGFR monoclonal antibody therapy is now routinely
recommended, as it has been demonstrated that KRAS mutant tumors do not respond to these
inhibitors, in the trials discussed above (CRYSTAL, PRIME, COIN, CAIRO-2; Table 2);
this was also confirmed more recently in a large cohort of 773 tumor samples.70 EGFR
expression by IHC has not accurately predicted response to EGFR monoclonal antibodies,
and is not recommended for routine use.9 There are currently no predictive markers in
routine use that identify those most likely to benefit from bevacizumab.

In the adjuvant setting, all eligible stage III patients receive FOLFOX without available
tools to further categorize these patients into subgroups of those likely and unlikely to
benefit from this regimen. In the stage II setting, microsatellite instability testing has become
more common outside of clinical trials to assist in treatment decision-making.

VI. More Personalization - Almost There?
A number of biological markers and studies are on the verge of making major contributions
to personalizing care for patients with CC. The following is a review of the most promising
areas of research attempting to advance the armamentarium of personalized colon cancer
care.
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ONCOTYPE DX Colon Cancer Assay and ColoPrint
The Oncotype DX Colon Cancer Assay is a 12-gene assay that provides an individualized
score predictive of the risk of colon cancer recurrence for patients with stage II disease.97

Current NCCN guidelines do not routinely recommend adjuvant chemotherapy for all stage
II patients, but recommend considering treatment for those with high risk of recurrence
based on clinical and pathologic parameters. The Oncotype DX Colon Cancer Assay is a
standardized multi-gene RT-PCR assay conducted on formalin fixed paraffin embedded
(FFPE) primary colon tumor tissue, designed, validated and currently available as a
commercial test.97 The test was validated in the large, independent, multcenter QUASAR
trial.7 The recurrence score (RS) is based on the quantitative expression of 7 cancer genes,
normalized to 5 reference genes. Of the 2,146 QUASAR patients with stage II disease, 1436
samples were available to evaluate the primary endpoint, recurrence-free interval (RFI), and
secondary endpoints DFS, and OS. The continuous RS was significantly associated with
recurrence risk (p=0.004), with a near-linear relationship between RS and risk of recurrence.
Recurrence risk at 3 years ranged from 9–11% at low RS, and 25–27% at high RS. In the
pre-specified multivariate analysis, this association remained significant (p=0.008) as an
independent predictor of recurrence, in addition to tumor T stage and MMR status. Tumor
grade and number of nodes sampled were also significant but not as important.
Lymphovascular invasion was not significant in this multivariate analysis. As a continuous
variable, the RS score per 25 units, had a HR of 1.61 (p=0.008). Tumors with dMMR
comprised 13% of the study population with a HR 0.32 (p=<0.008). T4 tumors comprised
15% of samples with HR 1.83 (p=0.005). High tumor grade comprised 29% of samples with
HR 0.62 (p=0.028). Number of nodes examined (<12) comprised 62% of patients with HR
1.47 (p=0.04). Finally, lymphovascular invasion comprised 13% of patients with HR 1.4
(NS p=0.175).

The RS score was also analyzed for 3 groups of pre-specified cutpoints (low <30, 47% of
patients; intermediate 30–40, 30.7% of patients; and high ≥41, 25.6% of patients). (J Clin
Oncol 27:15s, 2009 (suppl; abstr 4000)) The recurrence risk of the ‘high’ group versus the
‘low’ group had a HR of 1.47. The low group risk of recurrence was 12% (9–16%),
intermediate was 18% (13–24%) and high 22% (16–29%). The company suggests that T-
stage and MMR status should be integrated into the overall decision algorithm for stage II
patients: low risk - dMMR and T3 tumors, consider no treatment; high risk – T4 and
pMMR, consider adjuvant treatment; and intermediate – T3 and pMMR, consider Oncotype
DX Colon Assay to assist decision-making. Others have also proposed this algorithm.83

It must be acknowledged that the utility of the Oncotype Dx Colon Assay has not been
validated prospectively in a clinical trial as an integrated biomarker, like the ongoing
adjuvant TAILORx (Trial Assigning Individualized Options for Treatment (Rx)) and
MINDACT (Microarray In Node negative Disease May Avoid ChemoTherapy) prospective
trials in breast cancer designed to validate the Oncotype Dx and MammaPrint assays.9899

Prospective clinical trials designed to validate this test are expected to assist in determining
the appropriate incorporation of this assay into standard care for stage II patients. Also, it
should be noted that the Treatment Predicitve score (TS) did not help predict which patients
would benefit from 5-FU based adjuvant therapy in this study.

The ColoPrint Assay is a gene expression array consisting of 18 genes (J Clin Oncol 28:15s,
2010 (suppl; abstr 3513), and was used to evaluate 137 stage II patients. The assay identified
most patients (74%) as low risk of recurrence. The 5-year distant-metastasis-free survival
was 95% for low risk patients and 79.9% for high risk patients as defined by this assay. In
the univariate analysis, ColoPrint was the only significant parameter to predict the
development of distant metastasis with a HR of 4.3 (95% CI 1.36–13.56, p = 0.007).
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Other Biomarkers for Available Biologics
Reports of other molecular aberrations in CC are further refining our ability to predict
sensitivity or resistance to EGFR inhibitors, in addition to KRAS status.9100–105 BRAF, a
serine-threonine protein kinase downstream effector of KRAS signaling, is mutated (in exon
15 V600E) in approximately 5–12% of colon cancers, and appears to be mutually exclusive
of KRAS mutation.7084 In a study evaluating pooled stage II and III patients from three trials
(PETACC-3, EORTC 40993, and SAKK 60-00), 1,564 samples showed that 7.9% of tumors
harbored BRAF mutations (versus 37% with KRAS mutations), and BRAF mutation was
associated with MSI-H dMMR (p<0.0001).100 BRAF mutation was not associated with
relapse-free survival, but was related to OS (HR 2.2, p=0.003). The CRYSTAL trial also
reported BRAF mutation as a negative prognostic factor (Table 2).

In the largest cohort to date (n=773) of chemotherapy-refractory mCC treated with
cetuximab plus chemotherapy in the pre-KRAS selection era, BRAF mutations were
observed in 4.7% (36/761).70 Other genes in the KRAS signaling pathway, including N-RAS
and PIK3CA (encodes PI3-kinase) were also evaluated. N-RAS mutation occurred in 2.6%
(17/644) and PIK3CA mutation occurred in 14.5% of tumors (108/743), with 68.5%
(74/108) of mutations observed in exon 9 and 20.4% (22/108) in exon 20. In addition to
confirming the negative effect of KRAS mutation on cetuximab activity, it was observed that
BRAF, N-RAS and PIK3CA exon 20 mutations were significantly associated with a low
response rate, and worse PFS and OS in multivariate analyses.70

Amphiregulin (AREG) and epiregulin (EREG) are EGFR ligands that activate the EGFR
pathway. AREG and EREG expression levels were quantified by collection of mRNA and
reverse transcriptase polymerase chain reaction in primary tumors, to determine if
expression levels were able to predict the outcome in patients with mCC treated with the
combination of cetuximab and irinotecan.106 In KRAS wild type patients, there was a
significant association between log-transformed ligand expression and response for EREG
(odds ratio for objective response, 1.90; 95% CI, 1.27 to 2.83; p = 0.0005) and for AREG
(odds ratio for objective response, 1.862; 95% CI, 1.22 to 2.72; p = 0.0017). In a Cox
regression model, dichotomized ligand expression was significantly associated with
progression-free survival (PFS) and overall survival (OS). EREG PFS had a HR of 0.41
(95% CI, 0.274 to 0.609; p = 0.001), and AREG PFS HR was 0.43 (95% CI, 0.29 to 0.64; p
= 0.001). EREG OS HR was 0.42 (95% CI, 0.28 to 0.63; p = 0.0001), and AREG OS HR
was 0.40 (95% CI, 0.27 to 0.64; p= 0.0001). There was no predictive power of ligand
expression in patients with KRAS mutation.

EGFR copy number by FISH, both clustered amplification and by high polysomy, as
described by the Cappuzzo and Moroni methods,105107 has been reported to be an
independent predictor of EFGR inhibitor sensitivity.105108

Recently, it has been suggested that a comprehensive molecular analysis of the entire EGFR
pathway be calculated into an integrated score, in order to enhance the predictive ability of
individual makers.108109 A prospective evaluation of these markers is clearly needed.

Although there are currently no molecular predictors of response to bevacizumab,110 there
are some promising strategies on the horizon, such as 89Zr-bevacizumab PET of early
antiangiogenic tumor response demonstrated in vivo mice,111 and gene expression signatures
that are associated with response.112 Perfusion imaging may also play a role in the future.113

AKT, MAPK,JNK, IGF1R, MET, Hedgehog(Hh) Signaling, Notch
A number of other oncogenic pathways have shown to be aberrantly activated in CC,
including AKT, MAPK, JNK, IGF1R, MET, Hedgehog (Hh) and Notch.114–118 Each of
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these pathways have preclinical evidence that targeted inhibition of key molecules in the
pathways abrogate malignant phenotypes, and a number of inhibitory small molecules and
monoclonal antibodies are currently being evaluated in preclinical and early phase clinical
trials for these targets. Results from these trials may allow selection of the most promising
agents to bring into larger trials in CC in the adjuvant and metastatic settings. An example is
the phase II trial evaluating perifosine (a combined AKT, MAPK and JNK kinase inhibitor)
with capecitabine in chemo-refractory mCC (J Clin Oncol 27:15s, 2009 (suppl; abstr 4081)),
where it more than doubled median TTP over capecitabine alone. This trial is of particular
interest given the relative poor prognosis of chemorefractory mCC patients that have
exhausted all standard therapies (fluoropyrimidine, oxaliplatin, irinotecan, bevacizumab +/−
cetuximab/panitumumab for KRAS wild type).115 It is often difficult to consistently define
the number of lines of prior treatment for patients with mCC, as they often switch between
the above agents due to toxicity and other issues not related to disease progression. Clinical
trials evaluating promising novel inhibitors in this chemorefractory or ‘third line’ setting are
desperately needed.

Chemotherapy Metabolism and Personalized Delivery
Guidance in personalizing delivery of specific chemotherapy drugs depending on patient or
tumor characteristics may be on the horizon. The thymidylate synthase gene, TYMS encodes
an enzyme, thymidylate synthase (TYMS), involved in DNA synthesis; that is inhibited by
5-FU. The assessment of TYMS as a predictive (for fluoropyrimidines) or prognostic
biomarker has produced conflicting reports, and the clinical significance of protein and
mRNA levels, and between germline variation of TYMS and gene function remain to be
elucidated, as do the importance of other enzymes in the pyrimidine biosynthesis pathway
such as dihydropyrimidine dehydrogenase.84 The ECOG 4203 trial is evaluating outcomes
in patients with high TYMS treated with FOLFOX-bev or IROX-bev, while low TYMS
expressing tumors receive only FOLFOX-bev.119

Genetic variation in the UGT1A1 enzyme, an enzyme involved in clearance of irinotecan,
can predict risk of severe neutropenia.120 The *28/*28 variant is only found in ~10% of
patients in the U.S., but is associated with a high risk of severe neutropenia. Patients with
the more common variants *1/*1 and *1/*28 may be able to safely tolerate higher than
standard irinotecan doses that have the potential to improve the efficacy of treatment. Phase
I trials evaluating higher dosing in these patients are underway, with the intention of testing
whether improvements in clinical outcomes can be achieved with escalated doses in these
selected patients.56

ERCC1 is a nucleotide excision repair gene associated with repair of DNA adducts induced
by platinum-based chemotherapy. It is thought that ERCC1 levels might predict response to
oxaliplatin in patients with mCC, and an exploratory study is ongoing in the adjuvant setting
evaluating changes in ERCC1 levels before and after treatment with oxaliplatin.

Circulating Tumor Cells (CTCs)
Circulating tumor cells (CTCs) have been identified in patients with advanced CC and may
play a role in hematogenous metastases.121122 Using a commercially available assay, CTCs
are identified by collecting 7.5ml of blood and enriching for cells with epithelial markers via
cell-specific markers identified by antibodies123124. CTCs are positive for the epithelial cell
adhesion molecule (EpCAM), often over-expressed in CC. CTCs are also positive for
cytokeratin and negative for CD45 leukocyte marker. An alternative method of detection is
the CTC chip.125
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It was recently reported that 430 mCC patients could be stratified into favorable and
unfavorable prognostic groups based on baseline CTC levels of <3 CTC/7.5ml or >3 CTCs/
7.5ml.126 Higher CTC levels was associated with a worse PFS (4.5 v 7.9 months, p=0.0002)
and OS (9.4 v 18.5 months, p<0.0001). These differences persisted throughout various time
points during therapy. Patients whose baseline CTCs converted from high to low after 3–5
weeks of therapy had a significantly longer PFS (6.2 v 1.6 months, p=0.02) and OS (11 v 3.7
months, p=0.0002), compared with patients with high CTCs at both time points. The
investigators concluded that number of CTCs before and during treatment is an independent
prognostic marker in mCC. The same authors showed that baseline levels of CTCs is an
important prognostic factor within specific subgroups defined by treatment or patient
chacteristics.127

Future prospective trials to validate these results may be warranted to confirm CTCs as an
independent stratification factor. CTCs may have many potential future applications to
enhance the personalization of colon cancer care, including for KRAS status testing without
tissue biopsy,128 as an independent marker for stratification after curative surgery,121122129

as well as for global genome profiling of cancer,130 all of which warrant further
investigation.

Chromosomal Instability (CIN), DNA ploidy, Loss of Heterozygosity – 18q, APC, p53
It is notable that approximately 30% of human genes encode proteins that regulate DNA
fidelity.86 There are a variety of different mechanisms that can lead to the loss of genomic
DNA stability, with four suggested categories: (1) subtle sequence changes, including base
substitutions, deletions, or insertions, as well as MSI; (2) alterations in chromosome number
(aneuploidy, also termed CIN), (3) chromosomal rearrangements or ‘translocation
instability’, and (4) gene amplification.86 As discussed, MSI, due either to germ-line
mutation or aberrant CpG island methylation, occurs in 15% of colon cancers. CIN is
thought to occur in 80–85% of CC, and although the mechanisms are not fully delineated, is
believed to be a consequence of deregulation of the processes that mediate the mitotic
spindle checkpoint, DNA damage checkpoints, chromosome metabolism, and centrosome
function.86 A number of recurring genetic abnormalities have been associated with the
initiation of CIN, but also as a consequence of CIN, or occasionally both. These genes
include APC, KRAS, PIK3CA, SMAD4, TP53 amongst others. Hence, each of these genes
and their proteins, as well as loss of chromosome regions, in particular 18q, have been
evaluated for prognostic and/or predictive relevance in colon cancer.84

It has been debated whether or not loss of 18q heterozygosity (LOH) has prognostic
significance in stage II and III colon cancer, since some studies but not others have
supported this hypothesis.84 The 18q region is rich in putative tumor suppressor genes,
including SMAD4, SMAD2, SMAD7, CABLES1, and DCC.83131 In order to explain the
apparently contradictory data, questions have been raised about the different methodologies
available to measure 18q loss, as well as what is exactly being measured.84 In particular,
given the large number of putative genes lost on 18q, it has been suggested that quantitative
assays measuring these genes or proteins may have more relevance, as has been described
for SMAD4.132 It has also been postulated that 18q allelic imbalance is merely a surrogate
marker for global genomic chromosomal instability that leads to aneuploidy and
chromosomal gain and loss.84 As such, other regions of the genome commonly lost in colon
cancer, including 17p and 5q, are regions that harbor tumor suppressors important in colon
cancer tumorigenesis, such as p53 (inactivated in 35–55% of CC) and APC (inactivated in
85% of CC), respectively.133

The conflicting data about the association of these various genes/proteins with treatment
response and colon cancer prognosis, are reviewed elsewhere,84131 but highlight a
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fundamental problem that translational scientists currently face. The immense complexity of
cancer, and the conditional nature of these various markers, depend on the global cellular
context. For instance, dMMR is a relatively good prognostic indicator; however, BRAF
mutations tend to occur more frequently in dMMR tumors,84131 increasing the overall risk
of recurrence for this subgroup of dMMR tumors.

Thus, it is the aggregate of gene or protein loss and gain, through a variety of biologic
mechanisms that is the key to understanding colon cancer carcinogenesis and to advancing
into the future of personalized cancer care. Evaluating each individual biomarker, analogous
to a univariate analysis, leads to the generation of conflicting data, depending on the global
cellular context (other aberrations in the cell),and on the study sample selection, method of
biomarker detection, and investigator interpretation of results. An integrated approach that
attempts to evaluate the aggregate of aberrations in a given cancer is showing great promise,
and is discussed in more detail in below.

VII. The Future is Near – Integrated Global Analysis
The technology is now available to conduct high-throughput analyses of tumor cells in
comparison to normal cells of the same patient, in order to differentiate germline from
somatic alterations. Genome wide sequencing or single nucleotide polymorphism (SNP)
platform analyses for point mutations/insertions/deletions/SNPs (mutome),134 gene mRNA
or protein expression (transcriptome, proteome),135136 and gene copy number and DNA
ploidy (amplicome),137138 can each be determined from FFPE samples rapidly and
reproducibly. The methods and applications of each are reviewed in the “Primer on the
molecular profiling of cancer” (Stricker et al), elsewhere in this issue. These technologies
are becoming more cost-effective, particularly as the cost of ordering each biomarker ‘a la
carte’ for each patient sample (such as will be required, for example, to predict benefit of
EGFR inhibitors discussed earlier, and particularly to identify rare mutations currently not
routinely tested, such as KRAS codons 61 [2%], 146 [2%] and 59 [0.1%]70) will eventually
overtake the cost of performing a single global cancer cell assessment that will provide all of
these results (and more) from a single test. Software programs are available to integrate each
of these high throughput analyses in order to determine and filter data into meaningful
prognostic information and to prioritize treatment strategies based on these immense
datasets.92

The promise of personalizing care based on these novel technologies must overcome a
number of technical difficulties and hurdles with respect to obtaining accurate, precise,
meaningful and reliable results from human tissues. The development of assays and then
incorporating them into clinical trials in order to prospectively validate them will be just as
challenging, and it will be a long road before they become accepted for routine use in the
clinical oncology community. A number of guidelines and roadmaps have been laid out
detailing how to best accomplish these goals.139–142;89 The promise of true personalization
of cancer care, however, is getting closer.

VII. Conclusions
We are at the dawn of the era of truly personalized colon cancer care, both in the advanced
and adjuvant setting. The days of one-size-fits-all treatment approaches, both in terms of
selecting chemotherapy and biologic regimens, as well as actual drug doses, will one day be
a thing of the past. It will be replaced with an individualized treatment plan that is designed
based upon a number of baseline diagnostic tests performed on tumor and blood samples
after discovering the cancer. We will recognize that each individual’s tumor, just as we
acknowledge each other’s individuality, is unique. This will require high-throughput
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strategies to provide us with details that enable us to refine our treatments to best address
each clinical scenario.
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TABLE 1

Pivotal advanced mCC clinical trials

Author
Trial Namea Journal

Regimen
Tested

Number
of

Patients

Line of
Therapy

Previous
Treatments

Primary
Endpointb Significance

IRINOTECAN TRIALS

Cunningham
et al24

Lancet,
1998

Irinotecan
vs

BSC

189
Vs
90

Second 5-FU OS
9.2 vs 6.5

p<0.0001

Rougier et al25 Lancet,
1998

Irinotecan
vs

5-FU/LV

133
vs

134

Second 5-FU OS
10.8 vs 8.5

p<0.035

Saltz et al26 NEJM,
2000

Irinotecan
vs

IFL
vs

5-FU/LV

226
vs

231
vs

226

First - PFS
7 (IFL) vs

4.3 (5-FU) vs
4.2 (irinotecan)

OS
14.8 (IFL) vs

12.6 (5-FU) vs
12 (irinotecan)

p<0.04

Douillard et
al27

Lancet,
2000

FOLFIRI
vs

5-FU/LV

199
vs

188

First - RR
35% v 22%

OS 17.4 vs 14.1

p<0.005

OXALIPLATIN TRIALS

de Gramont
et al29

JCO,
2000

Oxali+
LV5FU2

vs
LV5FU2

210
vs

210

First - PFS
9 vs 6.2

OS
16.2 vs 14.7 NS

p<0.0001

Rothenberg
et al30

JCO,
2003

Oxali
vs

FOLFOX4
vs

LV5FU2

156
vs

152
vs

151

Second 5FU
Irinotecan

(IFL)

RR
1.3% vs 9.9% vs

0%
OS not reported

p<0.0001

Goldberg et
al31

NCCTG 9741

JCO,
2004

FOLFOX
vs

IFL
vs

IROX

267
vs

264
vs

264

First - TTP
8.7 vs 6.9 vs 6.5

OS
19.5 vs 15 vs 17.4

p<0.0014

FOLFOXIRI TRIALS

Souglakos et
al32

Br J
Cancer,

2006

FOLFOXIRI
vs

FOLFIRI

137
vs

146

First - OS
21.5 vs 19.5

p=0.337 NS

Falcone et al33 JCO,
2007

FOLFOXIRI
vs

FOLFIRI

122
vs

122

First - RR
66% v 41%

OS 22.6 v 16.7

p<0.0002

CAPECITABINE

Van Cutsem et
al38

JCO,
2001

Cape
vs

5-FU/LV

301
vs

301

First - RR
non-inferiority
18.9% vs 15%

OS 13.2 vs 12.1 NS

NS
95% CI,

14.7%–23.8%
vs

95% CI,
11.1%–19.5%

Hoff et al39 JCO,
2001

Cape
vs

5-FU/LV

302
vs

303

First - RR
non-inferiority
25.8% vs 11.6%

OS 12.5 vs 13.3 NS

NS
95% CI,

21.0%–31.2%
vs

95% CI,
8.2%–15.7%
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Author
Trial Namea Journal

Regimen
Tested

Number
of

Patients

Line of
Therapy

Previous
Treatments

Primary
Endpointb Significance

Diaz-Rubio et
al40

JCO,
2007

CapeOx
vs

FUOX

174
vs

174

First - TTP
non-inferiority

8.9 vs 9.5
OS

18.1 vs 20.8 NS

p=0.153 NS

Porschen et
al41

JCO,
2007

CapeOx
vs

FUFOX

242
vs

234

First - PFS
non-inferiority

7.1 vs 8
OS

16.8 vs 18.8 NS

p=0.117 NS

Cassidy et al42 JCO,
2008

CapeOx
vs

FOLFOX4
CapeOx-bev

vs
FOLFOX-

bev

767
vs

351
vs

349

First - PFS
non-inferiority

8 vs 8.5
OS

19.8 vs 19.6 NS

NS
HR = 1.04;
97.5% CI,

0.93 to 1.16

Kohne et al44

EORTC 40015
Ann

Oncol,
2008

CapeIRI
vs

FOLFIRI

44
vs
41

First - PFS
non-inferiority

Early
termination

Early
Termination

Fuchs et al45

BICC-C
JCO,
2007

CapeIRI
vs

FOLFIRI
vs

mIFL

145
vs

144
vs

141

First - PFS
5.8 vs 7.6 vs 5.9

OS
18.9 vs 23.1 vs

17.6 NS

FOLFIRI
vs mIFL
p<0.004

OPTIMAL SEQUENCE TRIALS

Tournigand et
al7

JCO,
2004

FOLFIRI
then

FOLFOX
vs

Reverse

113
vs

113

First,
then

Second

- Second PFS
14.2 vs 10.9

OS
21.5 vs 20.6 NS

p=0.64

Koopman et
al48

CAIRO

Lancet,
2007

Cape then
irinotecan,

then
CapeOX

vs
CapeIRI

then
CapeOX

336
339

First,
Second

+/− Third

- OS
16.3 vs 17.4

p<0.3281 NS

Seymour et
al49

MRC-FOCUS

Lancet,
2007

A. 5FU/LV
then

Irinotecan
vs

B. 5FU/LV
then

Combo
-FOLFIRI
-FOLFOX

vs
C. Combo
-FOLFIRI
-FOLFOX

710
(712)
356
356

(713)
356
357

First,
then

Second

OS
A. 13.9

vs
B.

FOLFIRI 15.0
FOLFOX 15.2

vs
C.

FOLFIRI 16.7
FOLFOX 15.4

p=NS

OPTIMAL DURATION TRIALS

Tournigand et
al50

OPTIMOX-1

JCO,
2006

FOLFOX4
vs

Drop oxali
FOLFOX7

310
vs

310

First - OS
19.3 vs 21.2

p=NS

Chibaudel et
al51

OPTIMOX-2

JCO,
2009

FOLFOX4
vs

Chemo-free
FOLFOX7

108
vs

108

First - DDC
13.1 vs 9.2

OS 23.8 vs 19.5

p=0.046
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Author
Trial Namea Journal

Regimen
Tested

Number
of

Patients

Line of
Therapy

Previous
Treatments

Primary
Endpointb Significance

Labianca et al
GISCAD-
FOLFIRI

JCO,
2006
abstr.
3505

FOLFIRI
vs

On off
every 2
months

Total =
336

First - OS
16.9 vs 17.6

p=NS

Tabernero et
al

MACRO

JCO,
2010
abstr.
3501

CapeOX-
bev
vs

CapeOX-
bevX6 then
bev alone

239
vs

231

First - PFS
non-inferiority

11 vs 10.3
OS

25.3 vs 20.7 NS

p=0.59
HR 1.07
95% CI,

0.84–1.36*

Adams et al
MRC-COIN

JCO,
2010
Abstr.
3525

ARM A:
OX-Fp

vs
ARM C:

Stop and go

Total=
1640

First - OS
15.6 vs 14.3

HR 1.084
80% CI,

1.008–1.165

DREAM-
OPTIMOX-3

FOLFOX
or CapeOX
with bev X6
then bev+
erlotinib

maintenace

First - ongoing

ANTI-ANGIOGENESIS: BEVACIZUMAB

Hurwitz et al52 NEJM,
2005

IFL-bev
vs

IFL

402
vs

411

First - OS
20.3 vs 15.6

p<0.001

Saltz et al53

N016966
JCO,
2008

FOLFOX or
XELOX + /−

bev

Total=
1401

First - PFS
9.4 vs 8

OS 21.3 vs 19.9 NS

p<0.0023

Grothey et al54

BRiTE
Observational

JCO,
2008

BBP
vs

No BBP
vs

No therapy

642
vs

531
vs

253

First,
then with
Second

- OS
31.8 vs 19.9 vs

12.6

P<0.001

ANTI-EGFR: CETUXIMAB AND PANITUMUMAB

Cunningham
et al61

BOND

NEJM,
2004

Irinotecan-
cetuximab

vs
cetuximab

218
vs

111

Second
and

Third

Irinotecan
(100%)

Oxali (63%)

RR
22.9% vs 10.8%
OS 8.6 v 6.9 NS

P=0.007

Jonker et al62 NEJM,
2007

Cetuximab
vs

BSC

287
vs

285

Third 5-FU
irinotecan
oxaliplatin

OS
6.1 vs 4.6

p<0.001

Van Cutsem et
al63

JCO,
2007

p-MAb
vs

BSC

231
vs

232

Third 5-FU
irinotecan
oxaliplatin

PFS
8wk vs 7.3 wk

OS NS –
cross over design

0.0001

Bokemeyer et
al66

OPUS
Phase II

JCO,
2009

FOLFOX-
cetuximab

vs
FOLFOX

169
vs

168

First - RR
46% v 36%

OS not reported

p=0.64

Maughan et al
MRC-COIN

JCO,
2010
Abstr.
3502

FOLFOX/
CapeOX

+/−
cetuximab

Total=
1640

KRAS
wt + mt

First - OS
Not reported for
total population
(only KRAS wt)

Douillard et al
PRIME

JCO,
2010
Abstr.
3528

FOLFOX+
p-MAb

vs
FOLFOX

593
vs

590

First - PFS
Not reported for
total population
(only KRAS wt)
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Author
Trial Namea Journal

Regimen
Tested

Number
of

Patients

Line of
Therapy

Previous
Treatments

Primary
Endpointb Significance

Van Cutsem et
al65

CRYSTAL

NEJM,
2009

FOLFIRI+
cetuximab

vs
FOLFIRI

599
vs

599

First - PFS
8.9 vs 8

OS
19.9 vs 18.6 NS

p=0.048

COMBINED BIOLOGICS: BEVACIZUMAB and ANTI-EGFR

Saltz et al71

BOND-2
Phase II

JCO,
2007

Irinotecan
Bev and

cetuximab
vs

Bev +
Cetuximab

43
vs
40

Second
and

Third

Irinotecan
(100%)

Oxaliplatin
(84–93%)

TTP
7.3 vs 4.9

OS
14.5 vs 11.4 NS

not reported

Hecht et al72

PACCE
JCO,
2009

ARM A

FOLFOX
and bev +

p-MAb
vs

FOLFOX
and bev

413
vs

410

First - PFS
10 vs 11.4

OS 19.4 vs 24.5

p=0.004

Hecht et al72

PACCE
JCO,
2009

ARM B

FOLFIRI
and bev +

p-MAb
vs

FOLFIRI
and bev

115
vs

115

First - PFS (2nd endpt)
10.1 vs 11.9

OS
20.7 VS 20.5 NS

p=NS

Tol et al68

CAIRO-2
NEJM,
2009

CapeOx-bev
+ cetuxmab

vs
CapeOx-bev

378
vs

377

First - PFS
9.4 vs 10.7

OS
20.4 vs 20.3 NS

p=0.01

a
Randomized Phase III trials unless otherwise specified.

b
Units indicated in months unless otherwise indicated.

*
MACRO trial failed to meet primary endpoint of noninferiority (CI with upper limit HR<1.32)

BSC, best supportive care; OS, overall survival; PFS, progression free survival; RR, response rate; TTP, time to progression; DDC, duration of
disease control; Cape, capecitabine; NS, not significant; Bev, bevacizumab; BBP, bevacizumab beyond progression; p-MAb, panitumumab; wt,
wild type; mt, mutant.
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TABLE 2

Personalization of mCC care based on molecular markers

PREDICTORS OF RESPONSE TO EGFR INHIBITION - KRAS

Author
Trial Namea

Journal

Regimen
Tested

Number
of

Patients

Number
of KRAS

wt

Number
of KRAS

mt

Primary
Endpointb

Significance

KRAS
wt

KRAS
mt

De Roock et
al

BOND
Subgroup
analysis

ASCO
2007
Abstr.
4132

Irinotecan-
cetuximab

vs
cetuximab

N=37 N=20 N=17 RR KRAS mt
p<0.01

Responders vs
Nonresponders

45.8% 1.3%

Van Cutsem
et al

EVEREST
Subgroup
analysis

ASCO
2008,
Abstr.
4001

Irinotecan-
cetuximab

vs
Same +

cetuximab
escalation

to rash

38
39

19
28

19
11

RR Not reported

4/19
(21.1%)
13/28

(46.4%)

0/19
0/11

Amado et
al69

Subgroup
analysis

JCO,
2008

p-MAb
vs

BSC

208
vs

219

124
vs

119

84
vs

100

PFS KRAS wt
HR 0.59

(0.48 to0.72)12.3
vs
7.3

7.4
vs
7.3

Bokemeyer
et al66

OPUS
Phase II

Subgroup
analysis

JCO,
2009

FOLFOX-
cetuximab

vs
FOLFOX

113
vs

120

61
vs
73

52
vs
47

RR KRAS wt
p= 0.011
KRAS mt

p=0.106 NS
37/61
(61%)
27/73
(37%)

17/61
(31%)
23/47
(49%)

Tol et al68

CAIRO-2
Subgroup
analysis

NEJM,
2009

CapeOx-
bev +

cetuxmab
vs

CapeOx-
bev

256
vs

264

158
vs

156

98
vs

108

PFS KRAS wt
p=0.3 NS
KRAS mt
p=0.003

10.5
vs

10.6

8.1
vs

12.5

Hecht et al72

PACCE
Subgroup
analysis

JCO,
2009

ARM A

FOLFOX
and bev +

p-MAb
vs

FOLFOX
and bev

336
vs

328

201
vs

203

135
vs

125

PFS KRAS wt
HR 1.36 (1.04

to 1.77)
KRAS mt

HR 1.25 (0.91
to 1.71)

9.8
vs

11.5

10.4
vs
11

ARM B FOLFIRI
and bev +

p-MAb
vs

FOLFIRI

104
vs
97

57
vs
58

47
vs
39

PFS KRAS wt
HR 1.50 (0.82

to 2.76)
KRAS mt

HR 1.25 (0.65
to 2.21)

Maughan et
al

MRC-COIN
Subgroup
analysis

JCO,
2010
Abstr.
3502

FOLF OX/
CapeOX

+/−
cetuximab

N=1316 N=729 N=587  10  O S 8.3  KRAS wt
HR 1.50 (0.82

to 2.76)
KRAS mt

HR 1.25 (0.65
to 2.21)

1 7
vs

17.9
12.5

-
vs

11.9

Douillard et
al

PRIME
Subgroup
analysis

JCO,
2010
Abstr.
3528

FOLFOX+
p-MAb

vs
FOLFOX

N=1096 N=656 N=440 PFS KRAS wt
p= 0.02

KRAS mt
p=0.019

9.6
vs
8

7.6
vs
5.7
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PREDICTORS OF RESPONSE TO EGFR INHIBITION - KRAS

Author
Trial Namea

Journal

Regimen
Tested

Number
of

Patients

Number
of KRAS

wt

Number
of KRAS

mt

Primary
Endpointb

Significance

KRAS
wt

KRAS
mt

Van Cutsem
et al

CRYSTAL
Subgroup
analysis

GI ASCO
2010
Abstr.
281

FOLFIRI+
cetuximab

vs
FOLFIRI

530
vs

533

316
vs

350

214
vs

183

PFS KRAS wt
p= 0.0012
KRAS mt

p=0.2661 NS
9.9
vs
8.4

7.4
vs
7.7

De Roock et
al70

Subgroup
analysis

Lancet
Oncol,
2010

p-MAb
or

cetuximab
or

cetuximab
+ chemo

N=747 448 299 OS P<0.0001

50 wks 32 wks

N0147
Prospective
Adjuvant

2010
Abstr.
3508,

CRA3507

FOLFOX+
cetuximab

vs
FOLFOX

902
vs

858

902
vs

858

318
vs

340

3 yr DFS p=0.33 NS
KRAS mt

p=0.0273.3
vs

74.1

62.3
vs

70.3

PETACC-8
Prospective
Adjuvant

Ongoing FOLFOX+
cetuximab

vs
FOLFOX

N=>6000 - - 3 yr DFS First interim
analysis

planned 2011

PREDICTORS OF RESPONSE TO EGFR INHIBITION - OTHER

Van Cutsem
et al

EVEREST
Subgroup
analysis

GI ASCO
2007,
Abstr.
237

RASH

Irinotecan-
cetuximab

vs
Same +

cetuximab
escalation

to rash

45
44

- - RR CI
5%–27%

vs
17%–48%

13% 30%

Van Cutsem
et al

CRYSTAL
Subgroup
analysis

ASCO,
2010
Abstr.
3570

KRAS wt
BRAF

analysis

FOLFIRI+
cetuximab

vs
FOLFIRI

303
vs

322

BRAF wt
277
vs

289

BRAF mt
26
vs
33

PFS BRAF wt
p=0.0016
BRAF mt

p=0.8656 NS
10.9
vs
8.8

8
vs
5.6

De Roock et
al70

Subgroup
analysis

Lancet
Oncol,
2010

KRAS wt
BRAF

analysis

p-MAb
cetuximab
cetuximab
+ chemo

N= 761 BRAF wt
725

BRAF mt
36

OS p<0.0001

54 wks 26 wks

De Roock et
al70

Subgroup
analysis

Lancet
Oncol,
2010

PIK3A
Exon 20
analysis

p-MAb
cetuximab
cetuximab
+ chemo

cetuximab
+ chemo

N= 743 NRAS wt
635

NRAS mt
108

(22 exon 20
74 exon 9
12 other)

OS p<0.0057

51 wks 34 wks

De Roock et
al70

Subgroup
analysis

Lancet
Oncol,
2010

KRAS wt
NRAS

Analysis

p-MAb
cetuximab
cetuximab
+ chemo

N= 644 NRAS wt
627

NRAS mt
17

RR p<0.013

38.1% 7.7%

a
Randomized Phase III trials unless otherwise specified.

b
Units indicated in months unless otherwise indicated.
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wt, wild type; mt, mutant; p-MAb, panitumumb; BSC, best supportive care; NS, not significant; bev, bevacizumab; RR, response rate; PFS,
progression free survival; OS, overall survival; DFS, disease free survival.
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TABLE 3

Pivotal adjuvant CC clinical trials

Author
Trial Namea Journal

Regimen
Tested

Number of
Patients Stage

Primary
Endpointb

Significance

OXALIPLATIN TRIALS

Kuebler et al75

NSABP- C-07
JCO,
2007

FLOX
vs

5FULV

1207
vs

1200

II – 28.9%
III-70.9%

vs
II-28.8%
III-70.5%

4 yr DFS
73.2% vs 67%

4 yr OS
78.5% vs 76%

p<0.0034

Andre et
al74,76

MOSAIC

JCO,
2009

FOLFOX4
vs

LV5FU2

1108
vs

1111

II - 40.2%
III-59.8%

vs
II-39.9%
III-60.1%

6 yr DFS
73.3% vs 67.4%

6 yr OS
78.5% vs 76%

p<0.003

Haller et al
XELOXA
NO16968

GI
ASCO,
2010
Abstr.
284

CapeOx
vs

5FULV

N= 1886 III only 5 yr DFS
66.1% vs 59.8%

OS
Not reported

p<0.0045

RINOTECAN TRIALS

Saltz et al78

CALGB 89803
JCO,
2007

IFL
vs

5FULV

635
vs

629

III only 5 yr OS
68% vs 71%

p=0.85 NS

Van Cutsem et
al80

PETACC-3

JCO,
2009

FOLFIRI
vs

LV5FU2

1485
vs

1497

II – 29.3%
III-70.3%

vs
II-29.7%
III-70%

5 yr DFS
56.7% vs 54.3%

5 yr OS
73.6% vs 71.3%

NS

p=0.106 NS

Ychou et al79

ACCORD-2
Ann

Oncol,
2009

FOLFIRI
vs

LV5FU2

161
vs

160

Resected
IV

DFS
24.7 vs 21.6

3 yr OS
73% vs 72% NS

p=0.44 NS

CAPECITABINE

Twelves et
al81

X-ACT

NEJM,
2005

Cape
vs

5FULV

1004
vs

983

III only 3 yr DFS
non-inferiority
64.2% vs 60.6%

3 yr OS
81.3% vs 77.6%

NS

Superiority
p=0.12 NS

Equivalence
p<001

Haller et al
XELOXA
NO16968

GI
ASCO,
2010
Abstr.
284

CapeOx
vs

5FULV

N= 1886 III only 5 yr DFS
66.1% vs 59.8%

OS
Not reported

p<0.0045

ANTI-ANGIOGENESIS: BEVACIZUMAB

Wolmark et al
NSABP C-08

ASCO,
2009
Abstr.
LBA4

FOLFOX6 +
bev
vs

FOLFOX6

1334
vs

1338

II – 24.9%
III –75.1%

3 yr DFS
77.4% vs 75.5%

p=0.15 NS

AVANT Ongoing FOLFOX4 +
bev
or

XELOX +
bev
vs

FOLFOX4

1150
vs

1150

High risk
II
+
III

DFS

ANTI-EGFR: CETUXIMAB
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Author
Trial Namea Journal

Regimen
Tested

Number of
Patients Stage

Primary
Endpointb

Significance

Alberts et al
N0147

ASCO,
2010
Abstr.
CRA-
3507

FOLFOX6 +
cetuximab

vs
FOLFOX6

902
vs

858

III only
KRAS wt

only

3 yr DFS
74.1% vs 73.3%

3 yr OS
87.3% vs 82.1%

NS

p=0.33 NS

PETACC-8 Ongoing FOLFOX+
cetuximab

vs
FOLFOX

N=
>6000

III only
KRAS wt

only

3 yr DFS First interim
analysis

planned 2011

a
Randomized Phase III trials unless otherwise specified.

b
Units indicated in months unless otherwise indicated.

DFS, disease free survival; OS, overall survival; Cape, capecitabine; NS, not significant; Bev, bevacizumab; wt, wild type.
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