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ORIGINAL ARTICLE

Palliative chemotherapy in advanced  
colorectal cancer patients 80 years of age 
and older
P. Lai md,* S. Sud md,† T. Zhang,‡ T. Asmis md,† and P. Wheatley-Price mbchb md†

ABSTRACT

Background  Colorectal cancer (crc) has a median diagnostic age of 68 years. Despite significant progress in 
chemotherapy (ctx) options, few data on outcomes or toxicity from ctx in patients 80 years of age and older are 
available. We investigated ctx in such patients with metastatic crc (mcrc), hypothesizing high rates of hospitalization 
and toxicity.

Methods  A retrospective chart review identified patients 80 years of age and older with mcrc who initiated ctx 
between 2005–2010 at our institution. Patient demographics and ctx data were collected. Endpoints included rates 
of hospitalization, ctx discontinuation because of toxicity, and overall survival.

Results  In 60 patients, ctx was initiated on 88 occasions. Median age in the cohort was 83 years; 52% were men; 
72% lived with family; 53% had a modified Charlson comorbidity index of 2 or greater; and 31% were taking 6 or 
more prescription medications at baseline. At baseline, 33% of the patients were anemic (hemoglobin < 100 g/L), 
36% had leukocytosis (white blood cells > 11×109/L), and 48% had renal impairment (estimated glomerular filtration 
rate < 60 mL/min/1.73 m2). In 53%, ctx was given as first-line treatment. The initial ctx dose was adjusted in 67%, 
and capecitabine was the most common chemotherapeutic agent (45%). In 19 instances (22%), the patient was 
hospitalized during or within 30 days of ctx; in 26 instances (30%), the ctx was discontinued because of toxicity, 
and in 48 instances (55%), the patient required at least 1 dose reduction, omission, or delay. Median overall survival 
was 17.8 months (95% confidence interval: 14.3 to 20.8 months).

Conclusions  In the population 80 years of age and older, ctx for mcrc is feasible; however, most recipients will 
require dose adjustments, and a significant proportion will be hospitalized or stop ctx because of toxicity. Prospective 
research incorporating geriatric assessment tools is required to better select these older patients for ctx.
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INTRODUCTION

Colorectal cancer (crc) is the 3rd most common cancer 
worldwide, representing 9.7% of all cases in 20121. In Cana-
da, crc represents 15% of cancers in individuals more than 
70 years of age, and the lifetime probability of developing 
crc increases with age, from 0.2% in 40- to 49-year-olds 
to 3.3% and 2.7% in 80- to 89-year-old men and women 
respectively2. In the United States, crc is diagnosed at a 
median age of 68 years, with 23.2% of new cases occurring 
in 75- to 84-year-olds and 12.1% in individuals more than 
84 years of age3.

For decades, the only treatment for metastatic crc 
(mcrc) was single-agent fluoropyrimidine4. The advent 
of leucovorin with f luoropyrimidine doubled tumour 
response rates and prolonged overall survival (os)5. Since 
the early 2000s, multiple novel agents (irinotecan, oxal-
iplatin, bevacizumab, cetuximab, panitumumab, afliber-
cept, regorafenib) have been introduced for patients with 
mcrc. Triple therapy using leucovorin–fluoropyrimidine 
with irinotecan or oxaliplatin has become the standard for 
the first-line treatment of mcrc. Median survival reliably 
exceeds 2 years when such multiple-agent therapies are 
used, compared with a median survival of 5–6 months 
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with best supportive care alone6–8. Metastatic crc is 
rarely curable, unless there are resectable isolated liver 
metastases, and therefore other factors such as quality 
of life should be considered in addition to survival in the 
mcrc setting.

Optimal chemotherapy in elderly patients, particularly 
those 80 years of age and older, is not well defined. Thus, 
given the advances in chemotherapy for mcrc and the 
growing incidence of mcrc in elderly patients, safety and 
tolerance data for that population are needed. As is well 
known, the many physiologic changes that occur with 
age—particularly decreased hepatic and renal function, 
decreased bone marrow reserve, and increased risk of 
cardiovascular disease—can affect tolerance for chemo-
therapy9,10. Patients over the age of 75 diagnosed with crc 
have a mean of 5 comorbid conditions11,12, further affecting 
their overall fitness for chemotherapy. Elderly patients 
enrolled in trials are often defined as being 65 or 70 years 
of age and older; few are 80 years of age and older13. The 
limited high-quality results available for patients in the 
latter age group come from pooled phase iii trial data, in-
cluding trials in both the adjuvant and metastatic disease 
settings. Compared with their non-trial counterparts, 
enrolled patients 80 years of age and older are generally 
more fit and typically demonstrate good performance 
status [Eastern Cooperative Oncology Group (ecog) 
performance status (ps) 0 or 1]14,15.

The Canadian population is aging2,16. In 2011, 5 million 
Canadians (14.8%) were 65 years of age or older, and the 
proportion in that age group is expected to double by 2036. 
Octogenarian Canadians represented 1.9% of the popula-
tion in 1982; that proportion had more than doubled to 4.1% 
by 2012, and a rise to 7.6% is predicted by 203617. Between 
1982 and 2012, the age group that saw the largest popula-
tion increase was the 85+ group (+250.1%), followed by the 
80–84 group (+114.5%)17. As life expectancy increases, more 
cases of cancer will be seen in the octogenarian population, 
and consequently, those elderly patients will represent a 
larger proportion of chemotherapy candidates. However 
randomized controlled trials that include patients 80 years 
of age and older are rare, and evidence to guide treatment 
in this ever-increasing population is therefore scant.

Given the increasing age of the population, the increas-
ing number of elderly patients being diagnosed with crc, 
and the expansion of systemic therapy options, we con-
ducted the present study to investigate the feasibility and 
tolerability of systemic therapy in a group of mcrc patients 
80 years of age and older. We also sought to identify factors 
that could be predictive for chemotherapy suitability.

METHODS

Patients
After receiving research ethics board approval, we conducted 
a retrospective chart review of patients 80 years of age and 
older who had started a course of cytotoxic chemotherapy 
from June 2005 to January 2010 at our institution. The 
results of the main study were reported by Sud et al.18, but 
for the present work, we specifically identified the subset 
of elderly mcrc patients, because they represented the 
largest single subgroup within an otherwise heterogeneous 

cohort18. Patients were eligible if they were 80 years of age 
or older at chemotherapy initiation.

Baseline data were collected: age, sex, height and 
weight, ecog ps, smoking history, baseline number of 
prescription medications, and living situation before 
chemotherapy. Scores on the Charlson comorbidity index 
(cci) were calculated using patient comorbidities with the 
exclusion of the primary cancer diagnosis (“modified cci”). 
Chemotherapy characteristics [regimen, intent and line of 
therapy, setting of first chemotherapy delivery (inpatient 
or outpatient), and whether the dose was adjusted before 
the first cycle] were recorded, as was baseline blood work 
[hemoglobin, white blood cell count, estimated glomerular 
filtration rate (egfr), albumin]. Patients were excluded if 
they received only biologic therapy (for example, bevaci-
zumab, cetuximab).

The reported line of therapy accounts for all previous 
lines of systemic treatment regardless of intent. If therapy 
was paused for 4 or more months, resumption of the same 
regimen constituted a new line. If patients received more 
than 1 line of chemotherapy after 80 years of age, each che-
motherapy initiation was recorded as a separate instance.

Outcomes
Co-primary endpoints included chemotherapy dose 
reductions, omissions, or delays greater than 1 week; 
therapy discontinuation because of toxicity; and hospital-
izations exceeding 24 hours if they occurred within 30 days 
of chemotherapy delivery. Secondary outcomes included 
the number of blood or platelet transfusions received 
within 30 days of chemotherapy, and os calculated per the 
date of the last clinical encounter or death (from chart or 
regional obituaries).

Statistical Analysis
The primary analysis was descriptive, reported as percent-
ages. The co-primary endpoints were rates of hospitaliza-
tion, of therapy discontinuation because of toxicity, and 
of dose reductions, omissions, or delays. Univariate and 
multivariate logistic regression tests were performed. Me-
dian os was calculated using the Kaplan–Meier method. All 
statistical analyses were performed using the SAS software 
application (version 9.2: SAS Institute, Cary, NC, U.S.A.).

RESULTS

Demographics
Between June 2005 and January 2010, 60 patients meeting 
the inclusion criteria initiated chemotherapy on 88 oc-
casions (Table i). Age range was 80–92 years (median: 83 
years). Most patients were men (52%), and the average body 
mass index was 25.1 kg/m2. Most patients lived with family 
(72%); 23% lived alone, and 2%, in a residential facility. The 
ecog ps was known in 79 of the 88 instances, with a score 
of 0 or 1 being recorded in 60% of those instances. The 
patient’s modified cci score was 2 or greater in 53% of the 
instances. Almost one third of the cohort (31%) was taking 
6 or more medications at baseline. Anemia (hemoglobin < 
100 g/L) was noted in 33%; leukocytosis [white blood cell 
(wbc) count > 11×109/L], in 37%; and impaired renal func-
tion (egfr < 60 mL/min/1.73 m2), in 48%.
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Chemotherapy
The most common systemic therapies used were single-​
agent capecitabine (45%) and irinotecan (22%, Table  ii). 
The goal of therapy was palliative in 95% of the cohort, 
and 98% initiated treatment as outpatients. More than half 
the treatment instances (53%) constituted first-line ther-
apy, and 27 patients received more than 1 line of systemic 
therapy. Dose adjustments at first cycle occurred in 67% of 
chemotherapy instances.

Outcomes
Chemotherapy was discontinued because of toxicity in 
30% of the instances. A dose reduction occurred in 49%, a 
dose omission in 11%, and a dose delay in 37% (Figure 1). 
Overall, 55% instances involved at least 1 dose reduction 
(excluding an initial dose reduction at first cycle), omission, 
or delay after initiation of treatment. In fewer than one third 
of the instances (31%) was the course of chemotherapy 
completed without a dose reduction, omission, or delay, 
or discontinuation because of toxicity. Hospitalization 
during or within 30 days of chemotherapy occurred in 22% 
of the instances. Blood transfusions were given in 10% of 
the treatment instances.

At the end of data collection, the patients in 77% of the 
treatment instances had died (46 patients). The median os 
duration was 17.8 months [95% confidence interval (ci): 
14.3 to 20.8 months]. On univariable and multivariable 
analyses, patients with anemia were less likely to survive 
[odds ratio (or): 0.58; 95% ci: 0.34 to 0.10; p = 0.05; and or: 

TABLE I  Patient characteristics

Characteristic Value

Age (years)

Median 83

Range 80–92

Age group (%)

<85 Years 69.3

≥85 Years 30.7

ECOG performance status (%)

0–1 60.2

2 20.5

3–4 9.1

Unknown 10.2

Medications (%)

<6 69.3

≥6 30.7

Smoking history (%)

Never-smoker 42.9

Ex-smoker 53.6

Current smoker 3.6

Unknown 4.5

Score on the modified CCI (%)

0 23.9

1 22.8

≥2 53.4

Living situation (%)

Alone 22.8

With family 71.6

Retirement or nursing home 2.3

Unknown 3.4

Hemoglobin (%)

<100 g/L 33.0

≥100 g/L 67.0

White blood cells (%)

>11×109/L 36.7

≤11×109/L 63.3

eGFR (%)

<60 mL/min/1.73 m2 47.8

≥60 mL/min/1.73 m2 52.2

ECOG  = Eastern Cooperative Oncology Group; CCI  = Charlson 
comorbidity index; eGFR = estimated glomerular filtration rate.

TABLE II  Chemotherapy characteristics

Characteristic Value (%)

Treatment goal

Palliative 95.5

Adjuvant 3.4

Neoadjuvant 1.1

Concurrent chemoradiation 0

Curative 0

Treatment line

First 53.4

Second 34.1

Third 9.1

Fourth or more 3.4

Multiple lines

Yes 59.1

No 40.9

Dose adjustment at first cycle

Yes 67.1

No 32.9

Chemotherapy type

Capecitabine 45.5

Irinotecan 21.6

FOLFOX 10.2

XELOX 9.1

FOLFIRI 6.9

Fluorouracil 2.3

Carboplatin–gemcitabine 1.1

XELIRI 1.1

IFL 1.1

Raltitrexed 1.1

FOLFOX  = 5-fluorouracil–oxaliplatin–leucovorin; XELOX  = 
capecitabine–oxaliplatin; FOLFIRI  = 5-fluorouracil–irinotecan–
leucovorin; XELIRI  = capecitabine–irinotecan; IFL  = irinotecan–5-
fluorouracil–leucovorin.
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0.29; 95% ci: 0.10 to 0.82; p = 0.02 respectively). On multi-
variable analysis, patients who received 2 or more lines of 
chemotherapy experienced a significantly longer os (or: 
1.82; 95% ci: 1.10 to 3.02; p = 0.02; Table iii).

Baseline factors (age, sex, hemoglobin < 100 g/L, wbcs > 
11×109/L, egfr  < 60  mL/min/1.73  m2, modified cci ≥ 2, 
baseline medications ≥ 6, dose adjustment at first dose, 
and number of therapy lines received) were tested against 
our co-primary outcomes: rate of hospitalization; therapy 
discontinuation because of toxicity; and dose reductions, 
omissions, or delays.

Hospitalizations were not associated with any of the 
factors studied in the univariable analysis (Table iv). On 
multivariable analysis, hospitalizations were more com-
mon in patients 85 years of age and older (or: 4.24; 95% ci: 
0.93 to 19.38; p = 0.06) and in male patients (or: 5.89; 95% 
ci: 1.17 to 29.66; p = 0.03).

On univariable analysis, patients with a modified cci 
less than 2 were significantly less likely to discontinue 
therapy because of toxicity (Table v; or: 0.34; 95% ci: 0.16 
to 0.97; p = 0.04). Higher egfr was also associated with a 
lower rate of discontinuation, although that association did 
not reach statistical significance (or: 0.42; 95% ci: 0.17 to 
1.01; p = 0.05). On multivariable analysis, no factors were 
associated with discontinuation of chemotherapy because 
of toxicity. On multivariable analysis, patients who needed 
no dose reductions, omissions, or delays and who did not 
discontinue chemotherapy because of toxicity were more 
likely to have a wbc count exceeding 11×109/L (or: 16.81; 
95% ci: 1.60 to 176.48; p = 0.02).

Dose reductions, omissions, and delays were not asso-
ciated with any of the factors studied in either univariable 
or multivariable analysis (Table vi).

DISCUSSION

Our study of mcrc patients 80 years of age and older re-
vealed high rates of chemotherapy discontinuation because 
of toxicity (30%) and of chemotherapy dose reductions, 
omissions, or delays (49%, 11%, and 37% respectively). 

Hospitalization within 30 days of chemotherapy was high 
at 22%, and more common in men and in patients 85 years 
of age and older. The median os in the cohort was 17.8 
months. These results are of important clinical relevance 
and should, at the very least, lead physicians to carefully 
consider the pros and cons of chemotherapy in this popu-
lation group, which has already undergone selection bias 
to be receiving chemotherapy.

Elderly patients are often underrepresented in clinical 
trials14,19,20, and patients 70 years of age and older con-
stituted fewer than 20% of the subjects in important crc 
studies21,22. Many observational studies include patients 
with nonmetastatic stage  iii crc, and their “elderly” pa-
tients are defined as 65–80 years of age. Given the limited 
studies available, we chose to study only octogenarian 
mcrc patients.

Chemotherapy is often prescribed and used differ-
ently in the geriatric population. A population-based 
study (n = 27,805)23 showed that, despite proven survival 
benefits, adjuvant chemotherapy was given to only 30% 
of stage iii colon cancer patients 75 years of age and older; 
68% of 50- to 74-year-olds received such therapy. Alam and 
colleagues24 found age to be the strongest discriminating 
factor in determining whether patients 75 years of age 
and older with colon cancer (n  = 445) received chemo-
therapy. Di Bartolomeo et al.25 suggested that age-related 
differences in treatment regimens can be attributed to 
“higher refusal rates, declining of functional and mental 
status, hospital volume and socioeconomic factors  ... 
perceive[d] lowering of treatment efficacy and tolerance 
with advancing age.” Their review also states that phase iii 
randomized controlled trials focused on elderly patients 
do not assess the safety and efficacy of specific systemic 
therapies. Older patients with advanced colon cancer 
have significantly more comorbidities, reported at 60% 
in those 70 years of age and older compared with 35% in 
those younger than 7026,27. In our study, the patient in 53% 
of the treatment instances had a modified cci score of 2 
or greater, indicating at least 1 comorbidity in addition 
to metastatic disease. Interestingly, our patients with a 

FIGURE 1  Primary outcomes: rates of dose adjustments, hospitalizations, and blood transfusions. PRBC = packed red blood cells.
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modified cci score of 2 or greater were also more likely to 
discontinue chemotherapy because of toxicity. The rate 
of chemotherapy discontinuation in our study was high 
at 30%, but other factors (age, sex, hemoglobin < 100 g/L, 
wbcs  > 11×109/L, egfr  < 60  mL/min/1.73  m2, baseline 
medications ≥ 6, dose adjustment at first dose, and number 
of therapy lines received) were not associated with that 
result. Reddy et al.28 studied 33 crc patients 80 years of 
age and older, reporting that 12% discontinued therapy 
because of toxicity. The prospective phase  iii trial of 
chemotherapy management in mcrc patients 74 years of 
age and older conducted by Shayne et al.29 did not note 
any chemotherapy discontinuation because of toxicity. 
It is important to note that chemotherapy might also 
be refused by the patient as a treatment option to begin 
with, or after initiation29. Our cohort consisted only of 
patients who agreed to initiate chemotherapy; we did not 

investigate the possibility of patient refusal as a reason for 
chemotherapy discontinuation.

We also noted high rates of therapy dose reductions, 
omissions, or delays. Dose reductions at first cycle occurred 
in 67% of treatment instances, and further dose reductions 
were noted in 49% of cases. Shayne and colleagues29 showed 
that about half their elderly cancer patients received chemo-
therapy at doses less than 85% of standard. The study of crc 
patients 80 years of age and older by Reddy et al.28 noted that 
all their patients required dose reductions. Other studies of 
crc patients 70 years of age and older noted varying rates of 
dose reductions between 46% and 63%30,31.

Chemotherapy dosing can also vary based on factors 
other than age—for example, hepatic and renal function32. 
In our study, capecitabine was the most commonly used 
therapy, and therefore the reductions in dosage might ac-
cord with the published adjusted renal doses rather than be 

TABLE III  Factors associated with overall survival

Factor Comparator Analysis

Univariable Multivariable

Estimate 95% CL p Value Estimate 95% CL p Value

Age ≥85 years <85 Years 0.88 1.50, 0.51 0.63 0.72 0.37, 1.40 0.33

Male sex Female 1.13 0.66, 1.91 0.66 1.00 0.53, 1.89 0.99

Hemoglobin < 100 g/L ≥100 g/L 0.56 0.34, 1.00 0.05 0.29 0.10, 0.82 0.02

White blood cells > 11×109/L ≤11×109/L 0.67 0.39, 1.13 0.13 1.68 0.57, 4.93 0.35

eGFR < 60 mL/min/1.73 m2 ≥60 mL/min/1.73 m2 1.05 0.63, 1.74 0.86 1.01 0.51, 1.99 0.98

Palliative therapy Others 1.88 0.56, 6.28 0.30 2.38 0.45, 12.52 0.31

Modified CCI score ≥ 2 <2 1.31 0.79, 2.19 0.29 1.57 0.80, 3.07 0.19

≥6 Medications 0–5 Medications 0.94 0.58, 1.50 0.78 1.16 0.67, 2.00 0.60

First dose adjusted Unadjusted 1.34 0.81, 2.22 0.25 1.20 0.68, 2.13 0.54

Second-line or greater chemotherapy First-line 1.52 0.95, 2.42 0.08 1.82 1.10, 3.02 0.02

CL = confidence limits; eGFR = estimated glomerular filtration rate; CCI = Charlson comorbidity index.

TABLE IV  Factors associated with hospitalization

Factor Comparator Analysis

Univariable Multivariable

Estimate 95% CL p Value Estimate 95% CL p Value

Age ≥ 85 years <85 Years 2.55 0.80, 8.14 0.11 4.24 0.93, 19.38 0.06

Male sex Female 3.24 0.89, 11.73 0.07 5.89 1.17, 29.66 0.03

Hemoglobin < 100 g/L ≥100 g/L 0.44 0.13, 1.51 0.19 0.17 0.02, 1.18 0.07

White blood cells > 11×109/L ≤11×109/L 0.71 0.23, 2.17 0.55 4.07 0.55, 29.95 0.17

eGFR < 60 mL/min/1.73 m2 ≥60 mL/min/1.73 m2 2.00 0.63, 6.36 0.24 1.85 0.54, 6.40 0.33

Palliative therapy Others 0.25 0.03, 1.93 0.18 0.11 0.01, 1.10 0.06

Modified CCI score ≥ 2 <2 1.26 0.42, 3.78 0.68 0.81 0.20, 3.32 0.77

≥6 Medications 0–5 Medications 1.43 0.45, 4.55 0.55 1.75 0.42, 7.37 0.44

Adjusted first dose Unadjusted 1.13 0.37, 3.48 0.83 1.97 0.52, 7.52 0.32

Second-line or greater chemotherapy First-line 0.98 0.36, 2.68 0.97 1.23 0.36, 4.24 0.74

CL = confidence limits; eGFR = estimated glomerular filtration rate; CCI = Charlson comorbidity index.



PALLIATIVE CHEMOTHERAPY IN ADVANCED CRC PATIENTS ≥80 YEARS OF AGE, Lai et al.

149Current Oncology, Vol. 23, No. 3, June 2016 © 2016 Multimed Inc.

attributable to age alone. In addition to dose reductions, we 
also recorded dose omissions and delays because of toxicity. 
Rates of chemotherapy toxicities in elderly crc patients 
range widely in the few available studies, with grade 3 or 4 
toxicities reported in 12%–65% of patients22,30,31, making 
it difficult to compare our results with the available data.

Chemotherapy with multiple agents has become the 
standard of care in mcrc; however, data on the outcomes 
with multiple-agent chemotherapy in elderly mcrc patients 
are limited and contentious30,33,34. Combination therapy 
with folfox (5-fluorouracil–leucovorin–oxaliplatin) or 
folfiri (irinotecan–5-fluorouracil–leucovorin) is often 
considered in the first-line treatment of unresectable 
mcrc35. Our analysis noted that the greatest proportion 
of patients (67%) were being treated with capecitabine 
or irinotecan monotherapy. There is emerging evidence 
that, compared with upfront combination chemotherapy, 

a sequential monotherapy treatment strategy could be ad-
vantageous in elderly and frail patients with mcrc. A recent 
meta-analysis by Asmis and colleagues36 noted a greater 
response rate and progression-free survival (pfs) and an 
os benefit with upfront combination therapy; however, the 
os benefit was small and of questionable clinical benefit 
(hazard ratio: 0.92; 95% ci: 0.86 to 0.99; p = 0.02).

Notwithstanding its benefits, upfront combination 
chemotherapy led to lower quality-of-life scores and higher 
rates of hematologic toxicities such as neutropenia, and 
of nonhematologic toxicities such as nausea, vomiting, 
and diarrhea. In fact, one trial in the meta-analysis37 
specifically included elderly and frail patients and noted 
significantly more diarrhea and sensory neuropathy in 
the combination arm and more hand–foot syndrome in 
the monotherapy arm despite upfront dose reductions for 
both arms. Interestingly, 13% of the focus2 trial population 

TABLE V  Factors associated with chemotherapy discontinuation because of toxicity

Factor Comparator Analysis

Univariable Multivariable

Estimate 95% CL p Value Estimate 95% CL p Value

Age ≥ 85 years <85 Years 1.83 0.70, 4.79 0.22 4.12 0.91, 18.75 0.07

Male sex Female 1.66 0.68, 4.00 0.26 2.38 0.75, 7.57 0.14

Hemoglobin < 100 g/L ≥100 g/L 0.87 0.34, 2.20 0.77 2.11 0.09, 47.32 0.64

White blood cells > 11×109/L ≤11×109/L 0.70 0.29, 1.65 0.41 0.53 0.03, 10.41 0.68

eGFR < 60 mL/min/1.73 m2 ≥60 mL/min/1.73 m2 0.42 0.17, 1.01 0.05 0.36 0.11, 1.13 0.08

Palliative therapy Others 1.34 0.14, 13.29 0.80 0.91 0.11, 7.51 0.93

Modified CCI score ≥ 2 <2 0.34 0.16, 0.97 0.04 0.51 0.20, 1.32 0.17

≥6 Medications 0–5 Medications 1.31 0.51, 3.38 0.58 2.13 0.77, 5.86 0.15

Adjusted first dose Unadjusted 0.65 0.23, 1.78 0.40 0.72 0.20, 2.60 0.62

Second-line or greater chemotherapy First-line 1.38 0.58, 3.33 0.47 1.51 0.52, 4.39 0.45

CL = confidence limits; eGFR = estimated glomerular filtration rate; CCI = Charlson comorbidity index.

TABLE VI  Factors associated with chemotherapy dose reduction, omission, or delay

Factor Comparator Analysis

Univariable Multivariable

Estimate 95% CL p Value Estimate 95% CL p Value

Age ≥ 85 years <85 Years 1.27 0.50, 3.23 0.61 0.58 0.19, 1.81 0.35

Male sex Female 0.64 0.28, 1.49 0.30 0.60 0.20, 1.86 0.38

Hemoglobin < 100 g/L ≥100 g/L 0.83 0.30, 2.33 0.72 1.63 0.25, 10.50 0.61

White blood cells > 11×109/L ≤11×109/L 0.73 0.26, 2.04 0.55 0.34 0.05, 2.14 0.25

eGFR < 60 mL/min/1.73 m2 ≥60 mL/min/1.73 m2 1.16 0.50, 2.72 0.73 1.33 0.46, 3.91 0.60

Palliative therapy Others 0.40 0.04, 4.02 0.43 0.91 0.07, 11.76 0.94

Modified CCI score ≥ 2 <2 1.98 0.83, 4.73 0.13 2.44 0.85, 7.00 0.10

≥6 medications 0–5 Medications 0.74 0.30, 1.82 0.52 0.58 0.19, 1.81 0.35

Adjusted first dose Unadjusted 0.62 0.24, 1.62 0.33 0.70 0.23, 2.16 0.53

Second-line or greater chemotherapy First-line 0.55 0.23, 1.35 0.19 0.46 0.17, 1.27 0.14

CL = confidence limits; eGFR = estimated glomerular filtration rate; CCI = Charlson comorbidity index.
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was more than 80 years of age, and despite an upfront dose 
reduction, 49% of patients required further dose reduction 
or discontinuation by 12 weeks of treatment37. In addition, 
focus2 found no significant pfs or os benefit from upfront 
combination therapy in its population of frail and elderly 
mcrc patients37. Ultimately, the option of monotherapy 
sequencing (with fewer side effects) and an option to 
eventually escalate to combination therapy might be the 
best option in a palliative population in whom quality of 
life and reduction of the toxicity burden takes precedence 
over a small survival benefit.

With new targeted therapies, the median os for patients 
with mcrc is close to 29 months after diagnosis38–43. Our 
cohort had a mean survival of 17.8 months despite the fact 
that 67% of their treatment instances involved monotherapy 
regimens. There is evidence that doublet chemotherapy 
fails to provide an os benefit compared with single-agent 
5-fluorouracil, while engendering increased rates of tox-
icity as demonstrated in the meta-analysis by Landre and 
colleagues44, who compared doublet chemotherapy with 
5-fluorouracil monotherapy in elderly patients more than 
75 years of age. However, there is also clear evidence that 
elderly patients can obtain a survival benefit from simpler 
combination regimens. The avex trial added bevacizumab 
to capecitabine and found that pfs was significantly longer 
with that combination than with capecitabine mono
therapy in elderly patients who were not candidates for 
irinotecan- or oxaliplatin-based regimens45. Moreover, 
when combination chemotherapy is initiated in elderly ​
patients, its efficacy is comparable to that in younger 
patients, as noted by similar response rates and pfs with 
folfiri use in patients more than 70 years of age compared 
with those 70 years of age and younger46. In fact, studies 
investigating the effects of age and comorbidity on survival 
have identified a significant correlation of comorbidity 
score with survival and a correlation of age with comor-
bidity burden, but no effect of increasing age on survival47. 
A retrospective study by Aparicio and colleagues48 in pa-
tients 75 years of age and older (n = 110) showed, as other 
independent risk factors for poor survival, the presence 
of metastasis (hazard ratio: 3.9; 95% ci: p = 0.005) and cci 
score greater than 3 (hazard ratio: 28.9; 95% ci: 2.5 to 335.6; 
p = 0.001). In our cohort, modified cci scores of 2 or greater 
and 5 or greater did not affect os, and all our patients had 
metastatic disease. We did not specifically record which 
comorbidities in the cci score were most common, because 
our focus was on whether higher scores led to poorer out-
comes. We recognize that certain comorbidities could have 
been associated with particular outcomes—an issue that 
should be addressed in future studies.

In addition to comorbidity and metastatic disease, 
ps is believed to have a significant effect on survival. In 
an analysis of patients being treated for mcrc with first-
line chemotherapy, Crosara Teixeira and colleagues49 
demonstrated that ecog ps was directly associated with 
os, median survival duration being 18.4 months for 
chemotherapy-treated patients with an ecog score of 0–1, 
10.8 months for those with an ecog ps of 2, and 6.8 months 
for those with an ecog ps of 3–4. Considering that a large 
proportion of the patients in our study had an ecog ps of 
0–1, and that more than half had a modified cci score of 2 

or greater, the resulting median os of 17.8 months is quite 
good in this older—and conceivably frailer—population. 
Although it is difficult to make direct cross-trial compar-
isons, the focus trial37 reported a median os of 10–12.4 
months depending on the treatment initiated, and a 
median os of 16.8–20.7 months was noted in the avex trial 
patients45. Thus, despite upfront dose reductions and the 
dose alterations noted in our analysis, the median os in our 
cohort falls into line with published evidence.

“Ageing is a progressive decline of multiple organ 
functions, with an increased prevalence of comorbidity 
conditions ... influencing treatment decision-making due 
to decrease of life expectancy and tolerance to chemo
therapy”25. Many geriatric screening and assessment tools 
have been developed. The activities of daily living (adl) 
tool50 and the instrumental adl tool51 were not found to be 
useful in predicting chemotherapy toxicity27, but only 34 
patients were enrolled in that prospective study. Comor-
bidities have been shown to play an important prognostic 
role in determining survival and to affect treatment benefit. 
In our study, we used the cci score in logistic regression 
analyses of our primary outcomes, revealing a lower rate 
of chemotherapy discontinuation because of toxicity in 
patients with modified cci scores of less than 2. The lack of 
other associations in our study alludes the need for a more 
comprehensive tool. Di Bartolomeo and colleagues25 sug-
gested that the comprehensive geriatric assessment pro-
vides “the best estimates of individual functional reserve.”

In addition to comorbidities, acute hospitalizations 
in the elderly population are common, and rates increase 
with age. In 2004–2005, Canadians 60 years of age and 
older represented 43% of hospitalizations and 60% of total 
hospital days52. Cancer was the 4th leading cause of hospi-
talization in those 65 years of age and older53. In Canada, 
the hospitalization rate is higher in men older than 6554. In 
our study, patients in 20% of treatment instances required 
hospitalization within 30 days of chemotherapy delivery, 
and hospitalization was more common in men and in pa-
tients 85 years of age and older. The hospitalization rate in 
our study is within the range described in other publica-
tions. Reddy and colleagues28 reported a treatment-related 
hospitalization rate of 73% in their retrospective study of 
33 elderly crc patients. A retrospective study by Schrag et 
al.55 of 6262 crc patients 65 years of age and older reported 
increasing chemotherapy-related hospitalizations with 
age, with a rate of 13% in those aged 85–89. Notably, we 
did not record the specific cause for admission, but we 
made every effort to distinguish therapy-related from 
non-therapy-related admissions.

Hospitalizations in elderly patients are not only more 
common, they are often detrimental. One of the most det-
rimental effects is loss of independence, especially in adls. 
Covinsky and his team56 studied 2293 hospitalized patients 
70 years of age and older and found that the frequency of 
adl decline increased with age, from 38% in those 80–84 
years of age up to 63% in those 90 years of age or older. In 
addition, they reported that failure to recover the loss of 
adl function increased significantly with age56. Similarly, 
a prospective cohort study by Wu et al.57 of 804 admitted 
patients 80 years of age and older showed that 42% of 
patients without dependencies at baseline developed one 
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or more limitations 2 months after admission, and 41% 
continued to have limitations 12 months later.

Another effect of hospitalization is delirium, re-
ported in 10% –15% of seniors at admission, and devel-
oping in 15% –25% during hospitalization53. Delirium 
results in a higher fall risk and longer length of stay58 
and is often difficult to treat because the underlying 
cause can be multifactorial. Other complications that 
can arise from hospitalization of vulnerable patients in-
clude adverse events related to medications, nosocomial 
infections, malnutrition, dehydration, immobilization, 
and pressure ulcers59.

Limitations of our research include small sample 
size and the retrospective nature of the data collection. 
In some cases, data such as ecog ps scores and laboratory 
results were missing. Another example of the limitations of 
retrospective research is found in the capture of toxicities. 
We could reliably capture only objective measures (blood 
values, transfusions, hospitalizations, etc.) because routine 
clinical notes varied widely in how other toxicities were 
recorded, and they rarely used the type of standardized 
reporting criteria that are seen in a clinical trial setting. 
Doses of chemotherapy were not compared, nor were 
specific descriptions and grading of toxicities noted. Pa-
tients were excluded if they received biologic therapies, 
because the initial study included a heterogeneous sample 
of solid tumour types, stages, and treatment intents. As 
a result, we could not account for the effect that biologic 
agents can have on outcomes when given in conjunction 
with chemotherapy. We did not record the specific causes 
of hospitalization, but only admissions longer than 24 
hours in duration and within 30 days of chemotherapy 
provision—efforts that were meant to ensure that only 
chemotherapy-related admissions were included. However, 
causes for admission can often be multifactorial. Captur-
ing that information in future studies would be useful in 
guiding chemotherapy monitoring in elderly patients. 
Finally, no control group was included for comparison—for 
example, a cohort 80 years of age and older who did not 
receive chemotherapy either because of refusal or other 
reasons (such as frailty).

After this study, an important next step is to develop 
a geriatric assessment tool to identify elderly patients 
suitable for chemotherapy. A prospective study of the 
mcrc population 80 years of age and older, including a 
control group, would be useful to highlight other factors 
such as patient perceptions and wishes with respect to 
chemotherapy and related outcomes. Close monitoring of 
patients to assess tolerance for and toxicities from various 
therapies and dosing regimens is also needed.

CONCLUSIONS

Our study revealed relatively high rates of adverse out-
comes in the population 80 years of age and older receiving 
chemotherapy for mcrc. Feliu and colleagues22 conclude 
from their review that, for elderly patients with advanced 
crc, “age itself should not be a contraindication to rule 
out the chemotherapy administration, even for second 
or third line treatment.” Given the limited evidence in 
this area, the aging population, and the consequent 

increased crc incidence, development of a simpler and 
comprehensive, yet effective geriatric assessment scale is 
essential to optimize clinical decision-making for elderly 
mcrc patients.
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