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ABSTRACT

Objectives: First-line chemotherapy for metastatic colorectal cancer (mCRC) is effective and feasible in
selected older patients. We investigated age-dependent differences in treatment and outcomes in
patients with mCRC in clinical practice.

Material and methods: A retrospective study of 654 patients with mCRC referred to first-line chemo-
therapy in 2008-2014. Patients were divided into two age groups: 50-69 and >70 (older patients).
Binary outcomes were analyzed by logistic regression. Progression-free survival (PFS) and overall
survival (OS) were analyzed by Cox proportional hazards regression, CRC-specific and other-cause
mortality with Fine and Gray proportional hazard model for the sub-distribution of a competing risk.
Results: After adjusting for performance status (PS) and comorbidity, older patients were more likely
to receive monotherapy (adjusted odds ratio (@OR)=9.00, 95% confidence interval (Cl) 4.52-17.91),
lower doses, and no additional targeted therapy (aOR=1.89, 95% Cl 1.28-2.78) than younger patients.
Yet, older patients experienced more toxicity and hospitalizations (@OR=1.53, 95% Cl| 1.08-2.17).
Among those treated, older patients had shorter PFS (hazard ratio (HR)=1.32, 95% Cl 1.11-1.57), but
after adjusting for PS and comorbidity, PFS was similar. No significant difference was found in CRC
mortality (HR=1.15, 95% Cl 0.95-1.40) between age groups. Poor PS was associated with shorter OS
and PFS and higher CRC mortality.

Conclusions: In the DISCO study, older patients with mCRC received less aggressive first-line chemo-
therapy. Yet, they experienced more toxicity. Younger and older patients had similar CRC mortality.
Shorter PFS and higher CRC mortality were observed in patients with poor PS.

Abbreviations: aOR: adjusted odds ratio; EGFR: epidermal growth factor receptor; Capox: capecitabine
and oxaliplatin; CGA: comprehensive geriatric assessment; Cl: confidence interval; CRC: colorectal can-
cer; Folfox: 5-fluorouracil and oxaliplatin; 5-FU: 5-fluorouracil; HR: hazard ratio; mCRC: metastatic colo-
rectal cancer; MSI: microsatellite instability; OR: odds ratio; OS: overall survival; PFS: progression-free
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Introduction

The incidence of colorectal cancer (CRC) increases
throughout life [1], and as populations are aging [2], the
number of older patients with metastatic CRC (mCRC) grows
rapidly. New surgical techniques, combination chemotherapy,
and targeted therapy have improved survival in patients with
CRC, albeit most markedly in younger patients. In clinical tri-
als, overall survival (OS) has increased from 6 to 8 months to
24 months for patients with mCRC treated with combina-
tions of chemotherapy and biological drugs [3,4]. However,
in everyday clinical practice, the median survival is only
10-11 months [5].

Many patients with mCRC do not receive chemotherapy
because of high age, comorbidity, poor performance status

(PS), and concerns regarding toxicity and efficacy [6].
Nevertheless, chemotherapy seems effective and feasible in
selected older patients, and clinical trials have shown that
irinotecan/5-fluorouracil (5-FU) combinations are as well tol-
erated and effective in both older and younger patients [7,8].
In daily clinical practice, combination chemotherapy is associ-
ated with prolonged progression-free survival (PFS) in older
patients, although ~70% of all patients require dose reduc-
tions [9]. Conversely, a randomized trial reported only non-
significant improvements in PFS and OS in frail older patients
when irinotecan was added to 5-FU, but with an increased
risk of grade 3-4 toxicity [10], which has also been
found when reduced doses of oxaliplatin were added to
capecitabine or 5-FU [11]. The addition of bevacizumab to
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Assessed for eligibility
(N=767)

Excluded (N=113):
Age below 50 years (N=49)
Treatment at other hospitals (N=32)

Other lines of treatment (N=16)
Two simultanous cancers (N=12)

Incomplete data (N=4)

Age 50-69 years

Age 7089 years

N=338 N=316
Treatment No treatment Treatment No treatment
N=303 N=35 N=254 N=62
Figure 1. Patient selection for the DISCO study.
chemotherapy in older patients improves PFS [12] and OS 2008-2014 at the Department of Oncology, Herlev

[13], but increases thromboembolic risk [13,14]. Furthermore,
the efficacy and safety of cetuximab and panitumumab seem
to be independent of age [15], but evidence regarding anti-
EGFR therapy in older patients is generally missing.

Older patients have a higher risk of toxicity [16,17], but
age should not be an exclusion criterion for chemotherapy
[18,19]. Comorbidity and PS, but not age alone, influence
treatment outcomes in the adjuvant setting [20], and
decreased PS is associated with poorer outcomes in the pal-
liative setting [21]. Oncologists and geriatricians have begun
to cooperate to improve treatment in older patients with
cancer. Comprehensive geriatric assessment (CGA), the gold
standard for assessing the physical and psychological health,
functional status and socioenvironmental parameters of an
older adult, is recommended before deciding on monother-
apy or combination therapy in patients with mCRC [22].
However, CGA is far from being widely implemented in
oncological clinical practice. To our knowledge, there are no
studies that consequentially have evaluated true age-
dependent differences and only a few studies have evaluated
the association between reduced doses of chemotherapy
and treatment outcomes in older patients with mCRC [23].

The DISCO study investigates age-dependent differences
in treatment and outcomes in patients referred to first-line
chemotherapy for mCRC, with the hypothesis that older
patients with mCRC receive less aggressive treatment, experi-
ence more toxicity, and have a worse prognosis than
younger patients.

The DISCO study is to our knowledge the first study to
evaluate true age-dependent differences by consequently
adjusting for PS and comorbidity, to distinguish age-depend-
ent differences from differences due to PS and comorbidity,
which often is associated with age.

Material and methods

The DISCO study is a retrospective single-center study evalu-
ating age-dependent differences in treatment and outcomes
of first-line chemotherapy in patients with mCRC treated in

Hospital, Denmark.

Patients were screened for eligibility by reviewing the
medical charts of all patients with mCRC referred to first-
line chemotherapy during the period. In total, 113 patients
were excluded for various reasons, and 654 patients were
eligible for inclusion in the present study (Figure 1).
Patients <50 years were excluded from the study, because
mCRC in younger patients seems to differ from that in
older patients: CRC in young patients appears to be more
aggressive, to be at a more advanced stage at presenta-
tion, and to have poorer pathologic findings [24].
Furthermore, age has been found to be prognostic for OS
and PFS, with poorer prognosis for both younger and
older patients, the best prognosis being for 57-year-old
patients [21].

Data were extracted and interpreted by one physician.
Baseline characteristics included demographic data, comor-
bidities, body mass index (BMI), civil status, PS, and tumor
characteristics.

The cause of death was categorized into CRC mortality,
treatment-related mortality, and other causes of death by
reviewing medical records. Electronical medical records
from all patients were identified by the unique 10-digit
personal identification number (PIN) assigned to all
Danish citizens at birth or upon immigration, which permit-
ted follow-up of all patients, even if admitted to other
hospitals. We defined CRC-related mortality as all deaths in
patients described as ‘terminal’. If a patient’'s death was
due to something other than CRC (toxicity, other medical
conditions, or unknown cause of death) the reason
was stated.

Adverse events were retrospectively registered from med-
ical records and classified according to the National Cancer
Institute Common Toxicity Criteria version 4.0. Grades 3-5
were defined as severe toxicity. Dose intensity was defined
as the accumulated given dose/time unit compared to stand-
ard dose calculated from body surface area. Dose reduction
was defined as cumulative given dose below the planned
dose at treatment start.



Table 1. Baseline characteristics for all treated and non-treated patients.
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Age 50-69 years

Age 70-89 years

Variable Category N=338 % N=316 % p
Age® Years 62 (50-69) 76 (70-89) <.001
Body Mass Index® kg/m2 24.3 (13.2-46.2) 23.8 (14.5-38.2) 15
Sex Men 181 54 169 54 1.000
Women 157 46 147 46
Performance status 0 215 62 132 42 <.001
1 73 22 105 33
2+ 50 15 79 25
Charlson comorbidity score 0 212 63 167 53 .021
1-2 107 32 119 38
3+ 19 5.6 30 9.5
No. of drugs 0 94 28 37 12 <.001
1-3 134 40 131 42
4-5 56 17 65 21
6-7 33 9.8 57 18
8+ 21 6.2 26 8.2
Civil status Single 89 27 1 36 017
Living together 249 73 205 64
Primary localization of tumor Right 100 30 17 37 .042
Left 125 37 116 37
Rectum 108 32 76 24
Unknown 5 15 7 2.2
KRAS analyses KRAS analyzed 297 88 220 70 <.001
Missing 41 12 96 30
KRAS status Mutation 134 45 104 47 .69
No mutation 163 55 116 53
Disease at time of diagnosis Synchronous 220 65 222 70 35
Recurrence 114 34 90 29
Unresectable 4 1.2 4 13
Previous adjuvant chemotherapy Yes 105 31 44 14 <.001
No 233 69 272 86
Treatment Yes 303 90 254 80 .001
No 35 10 62 20
Start dose Standard dose 230 68 102 32 <.001
Reduced dose 68 20 150 48
Unknown 40 12 64 20
Hemoglobin® mmol/L 8.00 (4.40-10.40) 7.30 (4.00-10.10) <.001
Leucocytes ° 10°/L 7.30 (1.40-28.30) 7.80 (0.7-119.00) .033
LDH? u/L 209 (87-3220) 206 (88-5720) .94
CEA? ng/L 12 (1-7950) 19 (1-3670) 12

“Median (range).

For details regarding chemotherapeutic and biologic regi-
mens, see Supplementary Table 1. All regimens were imple-
mented before start of the inclusion period and were
available during the study time period (2008-2014) [23].

Statistical methods

Patients were divided into two groups according to age
(50-69 or >70 years, since the most frequently used age cut-
off dividing older from younger adults in clinical trials is 70
years [22,25]. Descriptive analyses of continuous variables
were performed using the Wilcoxon rank sum test.
Categorical variables were compared using a Chi-squared
test where appropriate; otherwise Fisher's exact test was
used. Binary outcomes were analyzed by logistic regression
and presented as odds ratios (ORs) and 95% confidence
intervals (Cls).

PFS was defined as time from diagnosis (mCRC or non-
resectable locally advanced disease) to time of progression
or death from any cause. OS was defined as time from
diagnosis to time of death from any cause. PFS and OS were
analyzed by the Kaplan-Meier estimator; hazard ratios (HRs)
and 95% Cls were estimated by Cox proportional hazards

regression. CRC-specific and other cause mortality were esti-
mated by the cumulative incidence function by the
Aalen—Johansen estimator accounting for competing risk. HR
for the cause-specific mortality was estimated with the Fine
and Gray model, i.e.,, a proportional hazards model for the
sub-distribution hazard accounting for competing risks. For
analyses of PFS, OS, and CRC mortality, all living patients
were censored at 5 years. Analyses were made with and
without adjustment for PS and comorbidity using the
Charlson comorbidity index to determine whether the
observed differences were truly age-dependent.

The statistical software R version 3.2.2 (StataCorp, College
Station, TX, USA) was used for all analyses based on com-
plete cases, with a 5% significance level. Only complete cases
were included in the analyses.

Results

A total of 654 patients were included in the DISCO study
and divided into a younger group (N =338, median 62 years
(range 50-69)) and an older group of patients >70 years
(N=316, median 76 years (range 70-89)). In total, 97 (15%)
patients were not given chemotherapy due to comorbidity,
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poor PS, patient refusal, or other causes, whereas 90%
(N=303) among the younger and 80% (N =254) among the
older patients received chemotherapy.

Clinical and histopathological baseline characteristics for
both treated and untreated patients are given in Table 1.
The following analyses are based on both treated and non-
treated patients. Older patients had significantly poorer PS
(p<.001) and higher comorbidity (p=.021) and received
more medications (p <.001) than younger patients. They
were more likely to live alone (p=.017) and to have right-
sided tumors (p =.042).

No difference was found in KRAS mutation frequencies
between the two age groups (p=.69). KRAS was more rarely
analyzed in older than in younger patients (OR =3.16, 95% Cl
2.11-4.74). Disease presentation at time of diagnosis (i.e.,
synchronous, recurrent metastatic disease, or non-resectable
locally advanced disease) was similar in the two groups
(p =.35), with no difference in number of metastatic sites at
time of diagnosis (p=.38). Of the 90 older patients with
recurrent metastatic disease, only 44 (49%) had undergone
adjuvant treatment after diagnosis of primary disease, com-
pared with 105 of the 114 younger patients (92%).

There were significant differences in baseline blood results
between the two age groups, with lower hemoglobin and
higher white blood cells among the older patients.

Baseline characteristics for all patients stratified by treat-
ment or non-treatment are shown in Supplementary Table 2.
There were also significant differences in baseline characteris-
tics between treated and non-treated: non-treated patients
were older (p<.001), they had poorer PS (p <.001), more
comorbidity (p=.011), received more medications (p <.001),
and were more likely to live alone (p =.002). The non-treated
patients were also less likely to have received adjuvant after
diagnosis of primary disease (p =.046). Non-treated patients
had higher hemoglobin levels and lower blood cell counts.

Associations between baseline characteristics and
prognosis in treated patients

PS was after adjusting for age and comorbidity associated with
lower OS and PFS and higher CRC mortality (see Table 2). After
adjustment for age, comorbidity, and PS, no association was
found between comorbidity, medication, BMI, sex and civil sta-
tus, and treatment outcomes. Right-sided tumors were associ-
ated with lower OS (adjusted HR (@HR)=1.54, 95% Cl
1.24-191) and higher CRC mortality (aHR=1.64, 95% Cl
1.30-2.08) compared with left-sided tumors. Previous adjuvant
treatment was associated with longer OS (@aHR=0.81, 95% ClI
0.65-0.999), but there was no significant association with PFS
or CRC-related mortality.

Abnormal blood results (i.e., lower hemoglobin; higher
leucocytes, LDH, and CEA) were associated with shorter OS
and PFS and higher CRC mortality (Table 2).

Treatment

Among patients who received first-line chemotherapy, older
patients were more likely to receive monotherapy instead

of combination chemotherapy (adjusted OR (aOR)=9.00,
95% Cl 4.52-17.91) and not to receive additional targeting
therapy with bevacizumab, cetuximab, or panitumumab
(@OR=1.89, 95% Cl 1.28-2.78). Older patients with a PS of 1
and 2+ and younger patients with a PS of 24+ were more
likely to receive monotherapy than those with a PS of 0
(Supplementary Table 3a). For distribution of choice of
chemotherapy regimen, see Supplementary Table 4.

Older patients were less likely to receive full start dose of
chemotherapy (@OR=0.23, 95% Cl 0.16-0.34). Only 40% of
older patients received a full start dose compared with 77%
of younger patients.

Older patients with PS 1 and younger patients with PS 1
and 2+ were less likely to receive full start dose than
patients with PS 0 (Supplementary Table 3b). No significant
difference was found between older patients with PS 2+
compared with those with PS 0. A total of 222 patients had
primary dose reductions due to age (34%), poor PS (22%),
prior chemotherapy toxicity (8%), or comorbidity (27%),
which most frequently was decreased kidney function or
chronic diarrhea.

Older patients received significantly lower dose intensities
with 5-FU/capecitabine and oxaliplatin than younger patients
(Supplementary Table 5). Older patients with PS 1 were less
likely to receive dose intensity >90% than those with PS 0,
but no significant difference was found for patients with PS
2. Younger patients with PS 2 also received lower dose
intensities than those with PS 0 (Supplementary Table 3). No
statistically significant difference was found for median dose
intensities of bevacizumab and cetuximab/panitumumab
between the age groups.

The proportion of chemotherapy dose reductions was
similar in the two age groups (p=.16). No difference was
found in number of chemotherapy cycles given, except for
oxaliplatin (Supplementary Table 5).

The reasons for discontinuation of chemotherapy were
similar in the two age groups: disease progression (older
51% versus younger 58%, p=.15) and toxicity or patient
refusal (older 38% versus younger 31%, p =.09).

In total, 226 of 303 younger patients (75%) received sub-
sequent lines of treatment, compared with 146 of 254 (57%)
among the older patients. The likelihood of receiving later
lines of treatment was significant lower for older patients
also after adjusting for PS and comorbidity (aOR =0.56, 95%
Cl 0.39-0.82). Only 35% of the patients who received mono-
therapy received later lines of therapy compared with 72%
in the group of patients who received combination ther-
apy (p<.001).

Adverse events

The prevalence of severe adverse events (grades 3-5) experi-
enced on a given dose was retrospectively noted and
analyzed separately for the different treatment regimens.
Small differences were observed in reported severe toxicity
between older and younger patients. With regard to Capox
(capecitabine and oxaliplatin)/Folfox (5-fluorouracil and
oxaliplatin) regimens, older patients experienced more grade
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Figure 2. Treatment outcomes comparing treated and non-treated patients stratified by age. (A) PFS; higher risk of progression for older compared with younger
treated patients (p <.01), but after adjustments for PS and comorbidity there was no significant difference (ap=.11). (B) OS; higher risk of all-cause mortality for
older compared with younger treated patients (ap <.01). No difference in non-treated patients (p = .40). (C) CRC-mortality; no age-dependent difference was found
in risk of CRC-related death for treated (p=.16) or non-treated patients (p=.07). (D) Other causes of death; higher risk of non-CRC-related death in older
compared with younger treated patients (ap <.01) No difference in non-treated patients (p = 0.17).

3-4 fatigue (@OR=4.86, 95% Cl 1.27-18.57). For Folfox in
combination with cetuximab, older patients developed more
grade 3-4 hematologic toxicity (@OR=11.72, 95% Cl
1.54-89.01) and grade 3-5 infections (@OR=9.24, 95% Cl
1.45-58.94). Older patients were more likely to be hospital-
ized during treatment than younger patients, also after
adjustments for PS and comorbidity, (@OR=1.53, 95% ClI
1.08-2.17). Performance status 1 compared with 0 was asso-
ciated with higher toxicity regardless of regimen (p =.03). No
significant association was found for PS 2 compared with PS
0. There was no difference in length of hospital stay
(RR=1.12, 95% Cl 0.48-2.65) or number of hospitalizations
(RR=0.95, 95% Cl 0.60-1.49) between older and younger
hospitalized patients. The most frequently noted reasons for
hospitalization were infections (16% for younger versus 19%
for older patients), gastrointestinal symptoms (21% versus
27%), poor PS (12% versus 11%), cardiologic symptoms (7%
versus 13%), and observation for or treatment of thrombo-
embolic events (6% versus 5%), with no significant difference
between the age groups. Risk of treatment-related death
was higher in older patients: 18 (7.1%) older patients com-
pared to 15 (4.3%) younger patients. Of the 18 older patients
who experienced treatment-related death, eight patients

(44%) died within 60 d after treatment start. Of the 15
younger patients, six patients (40%) died within 60 d. The
most common cause of death was infections (in 61% of
the older patients and 33% of the younger patients) and
gastro-intestinal causes (17% and 33%, respectively).

Age-dependent differences in disease progression,
overall survival, and CRC mortality

The older treated patients had shorter PFS than younger
patients (Figure 2(A)), with a median PFS of 9.6 months
(range 2 d-5 years) for the younger group and 7.5 months
(range 3 d-5 years) for the older group. In patients with a PS
of 0 or 1, Kaplan-Meier curves showed that older patients
had a shorter PFS than younger patients. In patients with a
PS of 2+, the overall survival was similar across age-groups
(Supplementary Figure 1). In Cox-analysis older age was not
found to be associated with shorter PFS (aOR=1.16 95% Cl
(0.97-1.39) (Table 2).

Longer OS and reduced CRC mortality were observed in
both older and younger patients receiving treatment com-
pared with patients not receiving treatment (Figure 2(B,C)).
The Kaplan-Meier curves show longer OS in treated than in
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Figure 3. Kaplan-Meier curves showing PFS for patients with PS 0 and 1 given different dose intensities of chemotherapy as a monotherapy or as part of
combination chemotherapy. (A) Patients given 5-FU/ capecitabine. (B) Patients given irinotecan.

untreated older
Figure 2).

All-cause mortality was higher in older compared with
younger patients (Figure 2(B)) and older age was associated
with higher all-cause mortality (Table 2). The median OS was
15.0 months (range 9 d-5 years) for the older patients and
23.0 months (range 6 d-5 years) for the younger patients.
This difference was primarily caused by increased non-CRC
mortality in older patients (4.7% compared with 0.9% in
younger patients) (aHR=2.32, 95% CI 1.38-3.90) (Figure 2D),
whereas CRC mortality was more similar in the two age
groups (Figure 2(C)) but with a significant association
between age and CRC-related mortality, also after adjust-
ments had been undertaken (Table 2).

and younger patients (Supplementary

Associations between treatment and outcomes

Patients treated with monotherapy had shorter PFS and OS
and higher CRC mortality than patients treated with combin-
ation chemotherapy (Table 2). However, after adjustments
for age, PS, and comorbidity, monotherapy was only associ-
ated with decreased PFS (aHR=1.52, 95% Cl 1.16-2.00).
Reduced start dose was, after adjustments, only significantly
associated with shorter OS (Table 2).

Receiving dose intensity >90% of cetuximab compared
with <75% prolonged PFS (Table 2). PFS for patients given
different dose intensities of the most frequently used
drugs (5-FU/capecitabine and irinotecan) are shown in
Kaplan-Meier curves in Figure 3.

OS for patients given different dose intensities of the most
frequently drugs used (5-FU/capecitabine and irinotecan) are
shown in Kaplan-Meier curves in Figure 4, where also non-
treated patients (dose =0) are included. OS was longer for
patients given higher dose intensities of 5-FU/capecitabine,
which was also seen in the association analyses, where a
receiving dose intensity of >90% of 5-FU/capecitabine

compared with <75% was associated with longer OS and
lower CRC mortality (Table 2). There was a tendency towards
longer OS with higher dose intensities of irinotecan, oxalipla-
tin, and cetuximab association analyses (Table 2).

Patients who were hospitalized during treatment had
shorter OS (aOR=1.72, 95% Cl 1.43-2.06) and PFS
(@OR=1.32, 95% Cl 1.08-1.60) and higher risk of CRC mortal-
ity @OR=1.59, 95% Cl 1.30-1.93).

Discussion

In this retrospective study of patients with mCRC referred to
first-line chemotherapy, we found differences between older
(>70 years) and younger patients (50-69 years) regarding
receipt of baseline examinations, treatment, choice of treat-
ment regimens, dose intensity given, and adverse events.
Older patients received less aggressive treatment and had a
higher probability of receiving monotherapy instead of com-
bination chemotherapy or addition of targeted therapy,
which is in accordance with the findings of Razenberg et al.
[26]. Despite the less aggressive treatment, a small but sig-
nificant difference in severe side effects was found in older
patients than in younger patients. Older patients were also
more often hospitalized and had higher treatment-related
mortality than younger patients. Our findings are in accord-
ance with those of Jackson et al. [7] and Goldberg et al. [27],
who also found a small increased risk of adverse events
among older patients. We found no difference in dose reduc-
tions or reasons for discontinuation of chemotherapy
between the groups. Older patients started at reduced doses
of chemotherapy and received reduced dose intensities dur-
ing first-line treatment. Patients receiving a dose intensity
<75% had decreased PFS (for cetuximab), and decreased OS
and increased CRC mortality (for 5-FU/capecitabine), com-
pared with patients receiving dose intensity >90%, despite a
relatively small sample size. Vincent et al. [28], found small


https://doi.org/10.1080/0284186X.2018.1531299
https://doi.org/10.1080/0284186X.2018.1531299

1452 (&) C. M. LUND ET AL.

(A)

100% L

-
- 1 No treatment
- 50-75% = 75-90% = >90%
\
"~
75% R
“
8 f
ot A
(o] -
2 ™.
T 50% -~
8 Y
<l .
o "=
b
25% T -,
0%
0 1 2 3 4 5
Years

(B)

100% .
“a No treatment
. 50-75% = 75-90% = >90%
1
1]
75% !
-
(j) 1]
o -
"6 .
2 L
S 50% 3
8 v
[e] )
o Ll
L T
1]
25% 1T .
0%
0 1 2 3 4 5
Years

Figure 4. Kaplan-Meier curves showing OS for patients with PS 0 and 1 given different dose intensities of chemotherapy as a monotherapy or as part of
combination chemotherapy. Non-treated patients (dose = 0) are included. (A) Patients given 5-FU/ capecitabine. (B) Patients given irinotecan.

differences in treatment efficacy in 221 older patients with
mCRC treated with reduced doses of capecitabine 1000 mg/
m?  twice daily (50% of maximal dose) compared with
750 mg/m? twice daily. However, they found no significant
difference in 1-year PFS. The reduced doses were also com-
pared with historical data on treatment efficacy for full dose
capecitabine, and a small trade off in efficacy in the form of
a lower overall response rate was seen for the regimen with
reduced doses. However, even if lower doses might not be
as effective as higher doses they may be better than
no treatment.

In the present study, higher dose intensities were not
shown to prolong PFS, except for cetuximab, but there was
a tendency toward longer PFS in patients treated with higher
dose intensities of 5-FU/capecitabine and oxaliplatin. Due to
the retrospective design, PFS for patients receiving no treat-
ment could not be calculated because they were not
included in a follow-up program. Analyses of PFS would
probably have led to a too long PFS because progression
might only have been recognized shortly before death in
hospitalized patients. Lower CRC mortality and prolonged OS
were seen with higher dose intensities of 5-FU/capecitabine,
and there was a tendency toward longer OS with higher
dose intensities of irinotecan, oxaliplatin, and cetuximab, but
this may be caused by selection bias because older and frail
patients received lower doses of chemotherapy or no treat-
ment at all. There is still a lack of information in the litera-
ture on whether lower dose intensities in older patients with
mCRC are associated with poorer treatment outcomes. This
is a crucial issue because many older patients in daily clinical
practice receive reduced doses, despite the lack of evidence.

Treated older patients had shorter PFS than younger
patients, probably due to the less aggressive treatment. But
after adjusting for PS and comorbidity, there was no differ-
ence, and we found fit older patients to be more likely to
receive standard treatment, and they had a PFS like the

younger patients. Also, as expected, all-cause mortality in
treated patients was higher among the older patients.
However, this was mainly caused by increased non-cancer
mortality, likely explained by PS and comorbidities.
Interestingly, CRC mortality was similar in both older and
younger patients.

More intensive treatment would doubtfully have been
successful in the older patients, where independence in
activities of daily living is crucial for maintenance of quality
of life. However, some patients might have been slightly
undertreated, and 20% of the older patients referred for
chemotherapy did not receive first-line treatment at all, prob-
ably due to general concerns regarding toxicity, comorbidity,
and poor performance in older patients, a notion also sug-
gested by Doat et al. [29]. Correlation analyses from our
study showed significantly poorer PFS for patients treated
with monotherapy than for those treated with combination
therapy; however, no impact was found on CRC mortality.
Other studies have also reported that combination therapy
provided benefits with regard to PFS and OS [7,8].

Poor PS was associated with decreased OS and PFS and
higher CRC mortality. It might be possible to improve prog-
nosis for this group of patients. An ongoing randomized con-
trolled trial test whether GCA and interventions including
rehabilitation can improve health status in frail older patients
with CRC and enhance the number of patients completing
scheduled adjuvant or first-line chemotherapy [30].

Other factors may have had prognostic influence; older
patients were more likely to have a right-sided tumor, which
is associated with poorer prognosis [31], and poorer OS was
also seen in the present study in these patients.
Furthermore, more younger than older patients received
later lines of treatment, which could impact survival and CRC
mortality, but not PFS.

Recurrence after adjuvant chemotherapy is usually associ-
ated with poorer prognosis, based on the hypothesis



regarding the development of chemotherapy-resistant tumor,
e.g., lower survival rate after recurrence in older patients
who have received adjuvant 5-FU and oxaliplatin compared
with 5-FU alone [32]. But for patients with recurrent disease
in the present study, previous adjuvant chemotherapy was
found to be associated with longer OS. The reason for this
finding might be selection bias, where only fit older patients
had been offered adjuvant chemotherapy at the time the pri-
mary diagnosis was made. Their physical fitness also pre-
dicted better prognosis in the palliative setting. We found no
negative impact of prior adjuvant treatment on PFS or CRC
mortality, perhaps because of the small sample size.

A few baseline blood parameters, lower hemoglobin and
higher white blood cells, were significantly associated with
poorer outcomes in older patients. Serum levels of LDH and
CEA were similar in the two groups, which corroborates that
stage of disease was similar, and the differences in other base-
line blood results are probably a result of the higher comorbid-
ity seen in the older patients. Higher hemoglobin levels and
lower white blood cell counts was surprisingly seen in non-
treated than in treated patients, without any good explanation.

We found that older patients were less likely to have
undergone standard baseline KRAS evaluation, which might
have led to a lower likelihood of receiving additional cetuxi-
mab or panitumumab. However, many older patients with
missing KRAS status were probably not considered for bio-
logical treatment initially, perhaps because of concerns
regarding toxicity and lack of evidence for the efficacy of
anti-EGFR in the older population [15,33].

Our retrospective single-center DISCO study has several
strengths. One physician collected and interpreted all data to
minimize interpersonal variation. We assessed the cause of
death, which is crucial when evaluating the effect of
chemotherapy in older patients because they have a higher
non-cancer mortality. To our knowledge, our study is the first
to evaluate the impact of different dose intensities on
treatment outcomes in older patients with mCRC.

Study limitations include the retrospective design includ-
ing retrospective registering of adverse events, which should
be analyzed with caution. A relatively small sample size,
especially in the group of patients with PS 2+, probably
explains why associations between PS2+ and increased risk
of adverse events, risk of reduced start dose and low dose
intensity (Supplementary Table 3) were not found. Analyzing
multiple tests on the same data set increased the chance of
obtaining at least one invalid result. However, despite the
small sample size, we showed statistically significant differen-
ces between younger and older patients, with multiple
results pointing in the same direction.

Although both treated and non-treated patients were eli-
gible for the study, there is likely a selection bias because
the frail patients were not referred to treatment.
Unfortunately, we did not have data on the number of
patients diagnosed with metastatic disease during the
period. Such an investigation would be time-consuming and
was not the purpose of this study.

Data were collected between 2008 and 2014, and analysis
of some clinical biomarkers (e.g., tumor characteristics and
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KRAS and BRAF analysis) was not implemented in daily
routines during the first study period. In this study, no
adjustments for year of treatment were made in the analyses
of choice of regimens. It is unknown whether treatment
patterns or outcomes changed over time.

The results from our retrospective study are only hypoth-
esis-generating, and future research is needed with focus on
CGA and exercise to optimize poor PS and thereby progno-
sis, but also studies investigating the potential benefit of
different dose intensities and regimens such as the Nordic 9
protocol, comparing full dose monotherapy with the 5-FU
prodrug S1 with reduced doses of combination chemother-
apy with S1 and oxaliplatin [34], but also studies on
anti-EGFR therapy. Several randomized trials that have
included older and frail patients have been performed
[10-12]. However, patient inclusion may be challenging
because an oncologist could be reluctant to randomize older
patients to various regimens or intensities without consider-
ing physical fitness, a factor responsible for poor accrual in
the NCCTG NO0949 trial [35]. Trial design is crucial for enroll-
ment of unfit older patients, and CGA before randomization
may help define treatment strategy in order to minimize
toxicity for vulnerable patients and to secure adequate
treatment for fit older patients [36].

In conclusion, in our study, older patients received less
aggressive first-line chemotherapy compared with younger
patients, also after adjustment for PS and comorbidity.
Despite this less aggressive treatment, the older patients
experienced more side effects, hospitalizations, and treatment-
related mortality. Decreased dose intensity of 5FU/capecita-
bine was associated with poorer OS and higher CRC mortality.
The general trend throughout this study was the emergence
of significant age-dependent differences in outcomes PFS, OS,
and CRC mortality, which disappeared after adjustments for
poor PS and comorbidity, implying that patients with poor PS
and comorbidity, independent of age, have poorer treatment
outcomes. Future research should focus on the possibility of
improving PS in this group of patients, preferably in associ-
ation with geriatric oncology care programs.
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