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Abstract
Purpose of Review The incidence of colorectal cancer increases with age and the population is aging, making treatment of elderly
patients with metastatic colorectal cancer (mCRC) an increasingly common part of oncology practice. We review the literature
regarding systemic treatment of colorectal cancer in the elderly population.
Recent Findings Most of the data for toxicity and efficacy of systemic therapies for mCRC in older patients comes from subgroup
analysis of pooled phase II and III trials of both chemotherapy and targeted agents. These studies suggest that combination
chemotherapy and targeted therapy are well-tolerated in fit elderly patients with slightly increased risk of toxicity.
Summary Assessment of functional status independent of age can help differentiate which patients are candidates for combina-
tion chemotherapy, single-agent chemotherapy, targeted therapy, or supportive care. Fit, elderly patients should be treated as
younger patients. Dose-reduced doublet therapy with dose escalation as tolerated is a safe and effective way to treat less-fit
elderly patients. Most targeted therapies appear to be safe in the elderly population without significant concerns for increased
toxicity.
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Introduction

Colorectal cancer is a leading cause of cancer death in the
USA and developed countries. The incidence increases with
age and 70% of new diagnoses are in patients over the age of
65 [1]. Most patients with mCRC are treated with a palliative
intent and treatment typically involves systemic chemothera-
py. Generally speaking, the treatment principles used to treat
younger patients with mCRC can be applied to elderly pa-
tients, although with several important caveats.

Chronological age is a poor marker of functional status and
the ability to tolerate treatment for advanced colorectal cancer.
Decisions of whether and how to treat elderly patients should
be based on functional status, medical comorbidities, and life

expectancy, not age. In order to make a distinction between fit
and frail elderly patients, traditional functional scoring sys-
tems are often used to predict a patient’s ability to tolerate
chemotherapy, including ECOG Performance Status,
Karnofsky Performance Status (KPS), and Palliative
Performance Scale (PPS). In general, patients with a poor
performance status on any of these scales do not tolerate che-
motherapy well and most agree that patients with a significant
functional impairment, defined by ECOG PS of 3 or 4, should
not be treated with systemic chemotherapy, but rather support-
ed with palliative care. Conversely, fit elderly patients should
be treated as younger patients with mCRC. The most difficult
decision-making for providers is for elderly patients who are
neither fit nor frail.

In making this distinction, it is important to realize that
performance status estimated by ECOG and KPS tend to
underrepresent the degree of functional impairment in an older
patient [2]. Hurria et al. developed a predictive model to help
providers predict toxicity in older cancer patients that incor-
porates both geriatric and traditional oncologic correlates of
vulnerability. This involved a prospective multi-center trial of
patients’ age greater than or equal to 65 from seven institu-
tions with various tumor types (27% GI) that studied the risk
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of grades 3–5 toxicity from chemotherapy. This data was used
to develop a predictive model which included components of
the geriatric assessment; laboratory test variables; and patient,
tumor, and treatment characteristics to predict risk of grades
3–5 toxicity in patients. Low-risk patients (0–5 points) had a
30% risk of toxicity, intermediate patients (6–9 points) had a
52% risk of toxicity, and high-risk (10–19 points) had an 83%
risk of toxicity [2].

Beyond the Hurria risk score, additional assessment using
Comprehensive Geriatric Assessment (CGA) can further re-
fine the clinical assessment of functional capacity to aid deci-
sion-making. CGA is a tool used by geriatricians to help iden-
tify frail older patients, and is recommended by ASCO in all
patients aged 65 years and older [3••]. A complete assessment
of this type includes a mini-mental status exam (MMSE) and
assessment of activities of daily living (ADL) and instrumen-
tal activities of daily living (IADL). It is far more likely to
expose important functional impairment in the elderly such
as falls, social isolation, polypharmacy, and cognition. One
prospective trial of different chemotherapy strategies in pa-
tients over the age of 75 suggests that impaired condition
based on the MMSE and impaired autonomy, measured by
impaired IADL, can be used to identify older patients at in-
creased risk of severe treatment-related toxicity [4].

Not only is it important to address the unique functional
challenges faced by older patients, clinicians much also con-
sider how values might change with age. For example, avail-
able data suggests that older patients are just as willing to be
treated with chemotherapy as younger patients; however, they
are less tolerant of side effects of the therapy [4–6]. Because
combination chemotherapy regimens, althoughmore effective
at controlling cancer, often cause more side effects than
single-agent regimens, the potential benefit of longer survival
must then be weighed against the increased likelihood of side
effects. Unfortunately, there are few studies that adequately
address how chemotherapy affects quality of life in older pa-
tients to inform decision-making.

Chemotherapy: Efficacy and Toxicity

The backbone of therapy for patients with mCRC not amena-
ble to surgical resection remains combination chemotherapy
with FOLFOX or FOLFIRI. As historically there have been a
small number of elderly patients enrolled in clinical trials, it is
challenging to know whether older patients glean the same
benefit from treatment as younger patients, and challenging
to provide patients with realistic expectations of their risk of
chemotherapy toxicity. Several key subgroup analyses and
pooled analyses from large phase II and III clinical trials guide
provide us with safety and efficacy data in this population.
The first of these is a retrospective analysis of 3825 patients
who received 5-fluorouracil monotherapy regimens in 22
European trials, of which 629 patients were aged 70 years or

older. When compared with patients less than 70 years of age,
survival was equal and response rates did not differ between
age groups [7]. The authors were not able to pool toxicity data
for this analysis. However, toxicity was assessed in the initial
adjuvant pooled analysis of 7 phase III randomized trials in-
volving 3351 patients with stages II and III colon cancer treat-
ed with adjuvant fluorouracil and leucovorin or fluorouracil
and levasimole. This study found equivalent efficacy in the
older population, as well as no increase in the incidence of
toxicity in the elderly age group except for leukopenia in one
of the seven studies [8]. Together, these pooled analyses pro-
vide ample evidence that older patients with colorectal cancer
seem to benefit from 5-FU.

Similar pooled analyses guide our use of combination che-
motherapy in the elderly mCRC population. The largest of
these to evaluate oxaliplatin-fluoropyrimidine combinations
included over 3700 patients (614 over 70 years old) from four
clinical trials [9]. Compared with younger patients, the 70 and
older group was slightly more likely to experience grade 3+
neutropenia (49% versus 43%, p = 0.04) and thrombocytope-
nia (5% versus 2%, p = 0.04), but there was no increase in
nausea/vomiting, diarrhea, overall severe adverse events, or
60-day mortality. Further, there was no suggestion that the
additive effect of combination oxaliplatin-fluoropyrimidine
over fluoropyrimidine monotherapy was modified by age,
confirming similar efficacy in the elderly. These data on
oxaliplatin combinations were subsequently confirmed by
subgroup analyses within single trials [10, 11].

Irinotecan-fluorouracil combinations were evaluated in a
pooled analysis of four phase III trials that enrolled 2691 pa-
tients (599 aged 70 years or older) [12]. Again, the combina-
tion regimens added similar incremental efficacy benefit com-
pared with monotherapy in the older subgroup as in the youn-
ger, confirming that age does not modify the effect of combi-
nation chemotherapy. There was little difference in toxicity
between age groups. These results were confirmed in the sub-
group analysis of the BICC trial, which evaluated differing
irinotecan and fluoropyrimidine combination regimens [13].

Together, these pooled and subgroup analyses of clinical
trials of first-line chemotherapy for advanced, unresectable
metastatic colorectal cancer provide ample evidence that che-
motherapy is effective in fit elderly patients and that the tox-
icity patterns in fit elderly patients are comparable with those
seen in younger populations. Further, evidence supports both
oxaliplatin and 5-FU (i.e., FOLFOX) and irinotecan and 5-FU
(i.e., FOLFIRI) as safe and effective in the older population.
Thus, just as in younger patients, the decision about what
chemotherapy to use should be tailored to patient preference
regarding toxicity. Notably, the relative importance of adverse
effects may change when considering treatment decisions in
older patients. Sensory neuropathy is the dose-limiting toxic-
ity of oxaliplatin, which results in damage to sensory fibers,
including those responsible for proprioception. In patients
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with pre-existing issues with gait or balance or baseline weak-
ness, oxaliplatin-induced neurotoxicity has the potential to
exacerbate pre-existing physical functional limitations and
precipitate falls [14, 15••]. So while it is commonplace to
select FOLFIRI rather than FOLFOX for patients with pre-
existing neuropathy, such a decision may also be prudent for
older patients with other limitations in their physical function,
a history of falls, or gait instability. Other differences in tox-
icity are more subtle between regimens [16] and should be
incorporated into a discussion about treatment selection with
all patients.

MRC-FOCUS2 Trial

While the results from pooled patient data from clinical trials
suggests little distinction needs to be made between treatment
decisions in older and younger colorectal cancer patients, clin-
ical trial eligibility necessarily restricts enrollment to the fittest
patients, limiting the generalizability of these results to fit
older patients. Clinical decision-making for the majority of
older patients whose physical health and function falls be-
tween the categories of robust and frail is best informed by
the MRC FOCUS2 trial. FOCUS2 was designed to address
the optimal chemotherapy strategy—single agent versus
doublet—for elderly patients with mCRC. FOCUS2 enrolled
459 elderly patients at 61 UK centers with previously untreat-
ed mCRCwho were considered unfit for full-dose chemother-
apy based on age, fragility, or both. The study utilized a 2 × 2
factorial randomization to assign patients to one of four
groups, (A) infusional fluorouracil (B) oxaliplatin and fluoro-
uracil, (C) capecitabine, or (D) oxaliplatin and capecitabine.
All patients were started at 80% of standard dose and escalated
at 6 weeks at the discretion of the treating physician. The dual
primary endpoints of the trial were progression-free survival
in the oxaliplatin vs no oxaliplatin comparison arms, and glob-
al quality of life in the 5-FU and capecitabine comparison
arms.

Neither primary endpoint was met in the trial: the addition
of oxaliplatin to 5-FU or capecitabine did not significantly
improve progression-free survival (HR 0.84, 95% CI 0.69–
1.01), and there was no significant difference in global quality
of life between capecitabine and 5-FU-treated patients.
Despite a lack of PFS benefit, patients treated with the
oxaliplatin combinations had a higher response rate than those
treated with single-agent 5-FU or capecitabine (38% vs 11%)
and a higher rate of disease control (71% vs 46%) suggesting
better overall treatment utility with the addition of oxaliplatin.
Further, the oxaliplatin combination arms (with protocol-
specified a priori 20% dose reduction) did not have a signifi-
cantly higher rate of toxicity than the fluoropyrimidine mono-
therapy arms. However, capecitabine was associated with in-
creased rates of toxicity than fluorouracil, and the highest rates
of severe toxicity were seen in the CapeOx arm.

FOCUS2 offers considerable insight into optimal treatment
regimen for older patients, demonstrating good tolerance of
dose-reduced regimens, good disease control, and little detri-
mental quality-of-life effect from the additional of oxaliplatin.
It also confirms that while it offers greater convenience, cap-
ecitabine is not better tolerated than 5-FU, and the greater
convenience does not improve quality of life [4].

Targeted Therapies: Efficacy and Toxicity

In 2004, both bevacizumab and cetuximab were approved for
metastatic colorectal cancer. Since then, additional vascular
endothelial growth factor pathway agents, ramucirumab and
aflibercept, and epidermal growth factor receptor inhibitor
panitumumab, and the multi-targeted kinase inhibitor regoraf-
enib have been added to the armamentarium of available
agents. Most recently, immune checkpoint inhibitors
nivolumab with or without ipilimumab, and pembrolizumab
have been approved for the subgroup of microsatellite unsta-
ble colorectal cancers. The quality of evidence surrounding
the benefit and safety of each of these drugs in older popula-
tions is variable.

Bevacizumab Bevacizumab is a humanized monoclonal anti-
body that targets vascular endothelial growth factor (VEGF).
For patients with metastatic colorectal cancer, when used in
combination with regimens containing fluoropyrimidine,
irinotecan, or oxaliplatin, bevacizumab results in improved
response rates, progression-free survival and overall survival
[17]. VEGF inhibition is associated with cardiovascular side
effects such as hypertension and arterial thromboembolic
events, as well as wound healing complications and bleeding.

Arterial thromboembolic events (ATE) were recognized as
a key safety concern shortly after bevacizumab’s approval.
Based on a pooled analysis of five pivotal bevacizumab trials
in patients with metastatic solid tumors, prior ATE and age
over 65 years were identified as the key risk factors for a
treatment-related ATE event [18]. As such, this is the primary
concern in regarding bevacizumab—and other VEGF active
agents—in older patients. There are four main studies guiding
our recommendations regarding use of bevacizumab in this
patient population, summarized in Table 1.

The first is an analysis of 2526 patients over the age of 65
with metastatic colorectal cancer derived from the linked
Surveillance, Epidemiology, and End Results (SEER)/
Medicare database. This analysis showed a modest improve-
ment in survival for patients treated with bevacizumab, but the
addition of bevacizumab increased the risk of stroke (4.9 vs
2.5%). The risk of venous thromboembolism was not in-
creased [19]. A later analysis of a larger dataset from the
SEER database found a lower 3-year incidence of arterial
thromboembolic disease with an excess risk of ATE of 3.5
additional cases per 1000 person years [20]. Other studies
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are consistent, suggesting an increased rate of arterial toxicity
in elderly patients treated with bevacizumab. Two elderly spe-
cific prospective trials have been conducted. The PRODIGE
20 trial, a randomized phase II study of patients aged 75 years
or older with mCRC showed an expected higher rate of grade
3–4 hypertension (14 vs 6%) in patients treated with
bevacizumab and chemotherapy vs those treated with chemo-
therapy alone; however, other toxicities were not significantly
higher with bevacizumab [21]. The AVEX trial is a multicen-
ter trial of 280 patients aged 70 years or older with untreated
mCRC. Patients were randomized to receive capecitabine
with or without bevacizumab. The bevacizumab arm had a
high rate of treatment discontinuation (25 vs 15%) and higher
rates of all grade hemorrhage (27 vs 7%), HTN (19 vs 5%),
and VTE (12 vs 5%) [22].

The use of bevacizumab clearly prolongs progression-free
and overall survival in metastatic colorectal cancer, though the
absolute benefit is modest. In light of the potential risk of
ATE, patients need to be counseled on this balance, particu-
larly older patients with a prior stroke or heart attack, or poorly
controlled hypertension.

Ramucirumab and Aflibercept Ramucirumab is a monoclonal
antibody that binds VEGFR-2 to prevent binding of all VEGF
ligands, resulting in inhibition of angiogenesis. The use of
ramucirumab is approved based on the RAISE phase III clin-
ical trial which showed that addition of ramucirumab to
FOLFIRI improved overall survival when compared with pla-
cebo and FOLFIRI in patients with previously treated mCRC
[10]. In a subgroup analysis of the RASIE trial, the beneficial
effect of ramucirumab was also noted in patients aging
65 years or greater and aging 75 years or greater.
Importantly, the incidence of adverse reactions attributed to
ramucirumab was not elevated in either of these groups.

Aflibercept, a VEGF-A, VEGF-B, and placental growth
factor inhibitor, is another angiogenesis inhibitor approved
for use in combination with FOLFIRI for the treatment of
metastatic colorectal cancer. In the subgroup analysis of

patients over the age of 65 treated in the pivotal VELOUR
study, aflibercept’s efficacy was not diminished in this older
subgroup [23]. While there are not elderly-specific toxicity
data available, given the mechanism of action and known
adverse effects, the same cautions are warranted when consid-
ering the use of aflibercept in older patients with a history of
arteriovascular disease.
Cetuximab and Panitumumab

Cetuximab and panitumumab are monoclonal antibodies that
target the epithelial growth factor receptor (EGFR). Both
agents are used in RAS wildtype advanced colorectal cancer
either in combination with chemotherapy as first- or second-
line therapy, or as single agents in patients with refractory
disease. Few clinical trials have directly addressed the safety
and efficacy of these drugs in the elderly population; however
in general, these trials have no raised any major safety
concerns.

For cetuximab, a retrospective series of 56 patients aged
70 years or greater with heavily pretreated KRAS WT colo-
rectal cancer found no unexpected adverse events in those
treated with cetuximab. As expected, there was a high rate
of rash (75% of patients) and diarrhea (80%) [24]. An obser-
vational database in Germany studied 657 patients with
mCRC receiving cetuximab therapy, 305 of whom were
65 years or older. There was a trend toward higher grade and
longer duration of dermatologic and non-dermatologic toxic-
ities in the older patients, but no major differences in tolera-
bility by age [25]. A phase II trial of cetuximab and capecita-
bine that included 66 elderly patients with previously untreat-
ed mCRC noted a higher than expected incidence of
acneiform rash with 30% of patients experiencing a grade 3
or 4 rash [26]. These studies suggest that patients over age 65
might be more susceptible to more severe or longer duration
of toxicity, particularly rash.

In the subgroup analysis of the phase III trial comparing
panitumumab to supportive care, the subgroup of patients
over the age of 65 experienced similar efficacy of

Table 1 Summary table of bevacizumab trials

Trial Brief description Risk of arterial toxicity Risk of venous toxicity

Effectiveness of bevacizumab with first line
combination chemo for Medicare patients
with stage IV colorectal cancer [16]

2525 patients > aged 65 years with
mCRC

Stroke increased from 2.5 to 4.9% Not increased

Bevacizumab use and risk of cardiovascular
adverse events among elderly patients with
colorectal cancer receiving chemotherapy:
a population-based study [17]

6803 CRC patients aged > 65 3.5 additional cases of ATE per 1000
person years

Not reported

PRODIGE 20 study [18] Randomized phase II trial of 102
patients aged > 75 with mCRC

Grades 3–4 hypertension increased
from 6 to 14%

VTE increased from 6.1
to 9.8%

AVEX trial [19] Randomized phase III trial of 280
patients aged > 70 with untreated
mCRC

All grade hypertension increased from
5 to 19%

VTE increased from 4 to
8%
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panitumumab as patients younger than 65 [27]. Toxicity data
were not presented by age strata. A retrospective analysis of
40 frail elderly patients who received panitumumab for
mCRC in the first- or second-line setting revealed that roughly
25% of patients required dose reductions for toxicity, but no
patients required treatment discontinuation [28].
Panitumumab monotherapy may be reasonable in patients
with a ECOG PS of 3. This recommendation is based on a
phase II trial of 33 patients with untreated mCRC and ECOG
PS of 3 or less. These patients had a PFS of 7.9 months and
there were no deaths or grade 4 toxicities related to
panitumumab [29].

While there is less robust data on the safety and effective-
ness of EGFR inhibitors in older patients, this available data
does not show any major safety concerns. Elderly patients
with mCRC, RAS WT tumors should be considered for
EFGR inhibitors as clinically indicated, with careful attention
to proactive rash management [30].

Regorafenib Regorafenib is an oral inhibitor of multiple ki-
nases (e.g., VEGFR 1-3, TIE2) whose broad activity results in
inhibition of cancer growth and proliferation, and angiogene-
sis. Reforganib’s adverse effects include hypertension, hem-
orrhage, bowel perforation, fatigue, diarrhea, hand-foot skin
reaction, and hepatotoxicity. Regorafenib was approached as a
single agent for patients with chemotherapy refractory mCRC
on the basis of the CORRECT trial [31••]. CORRECT com-
pared best supportive care plus regorafenib or placebo in 760
patients and showed a significant survival benefit of 6.4 vs
5 months in regorafenib treated patients. The pre-planned sub-
group analysis of elderly patients enrolled in the CORRECT
trial showed similar efficacy in patients aged 65 years and
older, but no report of toxicity in this population is available.

A small prospective phase II study evaluated alternative
regorafenib dosing and schedule in 23 patients aged 75 years
and older (32). Regorafenib was administered on a 2-weeks-
on and 1-week-off schedule, beginning at a standard 160 mg/
day in patients < 80 without comorbidity, 120 mg/day in pa-
tients considered vulnerable or with more than 1 comorbidity,
and at 80 mg/day in patients 80 years and older or with a
ECOG PS of 2. Using this alternative dosing, regorafenib
was well tolerated with only 9% of patients discontinuing
for adverse effects, and 9% grade 3 hand-foot syndrome and
9% grade 3 fatigue. Overall survival in this small cohort was
promising at 8.9 months.

Conclusions

Treatment of colorectal cancer in the elderly is an increasingly
important topic as the population ages. Treatment decisions
should be based on geriatric-relevant clinical factors of func-
tional status, medical comorbidities, and age-related organ

function decline in conjunction with the values of each older
individual with advanced colorectal cancer. A comprehensive
geriatric assessment is useful in helping to define which elder-
ly patients are most likely to tolerate chemotherapy and
targeted therapies. There is nuance in choosing a therapy reg-
imen for the subgroup of older patients who are neither fit nor
frail, with little solid data to guide decision-making. The fol-
lowing general principles from recent literature are useful to
guide these choices.

& Fit elderly patients should be treated in the same manner
as younger patients, with standard doublet chemotherapy
in the first-line setting. Careful attention to oxaliplatin
neurotoxicity is warranted given concerns for altered pro-
prioception and fall risk.

& Combination chemotherapy should be given at reduced
doses or avoided in frail older patients.

& Capecitabine appears to be more toxic than fluorouracil in
older patients, outweighing the potential benefit of greater
convenience.

& Most targeted therapies have not been studied directly in
the elderly population, but are likely well tolerated in pa-
tients fit enough to receive an intensive regimen.

& Bevacizumab (and ramucirumab and aflibercept) should
be used with caution in older patients, and avoided in
those with a history of stroke, MI, or uncontrolled
hypertension.

& Cetuximab and panitumumab may have a higher inci-
dence of skin rash in the elderly.

& Regorafenib may be used as monotherapy in the elderly,
although dose reduction may be required to ensure
tolerance.
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