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Abstract
Background  Biologicals, in combination with chemotherapy, are recommended as first-line treatment of metastatic colorectal 
cancer (mCRC); however, evidence guiding the appropriate management of older patients with mCRC is limited.
Objective  This study was undertaken to compare the efficacy and safety outcomes in older versus younger patients with 
mCRC who received first-line biological therapy.
Methods  This retrospective analysis used pooled data from five trials undertaken by the Spanish Cooperative Group for 
the Treatment of Digestive Tumours. All were studies of adults with advanced CRC who received first-line treatment with 
chemotherapy plus bevacizumab, cetuximab or panitumumab, stratified by age (≥ 65 vs. < 65 years). Endpoints included 
progression-free survival (PFS), overall survival (OS), overall response rate (ORR) and safety.
Results  In total, 999 patients from five studies were included in the analysis: 480 (48%) were aged ≥ 65 years, and 519 
(52%) were aged < 65 years. Median PFS did not differ significantly between patients aged ≥ 65 and < 65 years (9.9 vs. 9.4 
months; hazard ratio [HR] 1.01; 95% confidence interval [CI] 0.88–1.17). Median OS was significantly shorter in older than 
in younger patients (21.3 vs. 25.0 months; HR 1.21; 95% CI 1.04–1.41). There was no significant difference between older 
and younger patients in ORR (59 vs. 62%). Patients aged ≥ 65 years experienced significantly more treatment-related grade 
3 or higher adverse events (61.67%) than did patients aged < 65 years (45.86%).
Conclusions  Biologicals plus chemotherapy is an effective first-line treatment option for selected patients aged ≥ 65 years 
with mCRC and has a manageable safety profile and efficacy comparable to that observed in younger patients.
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1  Introduction

Colorectal cancer (CRC) is a common cause of morbidity 
and mortality, particularly in older people [1]. In the USA, 
over 50% of new CRC diagnoses are in patients aged ≥ 65 
years [2]. Older patients with CRC have a higher percentage 
of comorbidities and organ function impairment and are at 
higher risk of developing treatment-related toxicities.

For most patients with unresectable metastatic CRC 
(mCRC), clinical guidelines recommend first-line treatment 
with biological agents (i.e. targeted monoclonal antibody 
therapy) in combination with cytotoxic chemotherapy [3]. 
However, treatment guidelines are generally based on the 
results of randomized clinical trials rather than real-world 
data, and the inclusion and exclusion criteria used in such 
studies mean that older patients are often under-represented 
in clinical trials [4]. An analysis of National Cancer Insti-
tute-sponsored clinical trials (active from 1997 to 2000) 
showed that, although 61% of newly diagnosed CRC in the 
USA was in patients aged ≥ 65 years, only 32% of them 
participated in clinical trials [5]. Thus, evidence guiding the 
appropriate management of older patients with mCRC is 
incomplete, making it unclear to physicians as to whether 
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Key Points 

It is unclear whether treatment with a biological agent 
plus chemotherapy (B + C), which is generally recom-
mended as first-line treatment for metastatic colorectal 
cancer (mCRC), is optimal in older patients.
This pooled analysis of data from five clinical trials exam-
ined the efficacy and safety of first-line B + C treatment for 
mCRC according to age group (< 65 years vs. ≥ 65 years).
We found that selected older patients, mainly aged < 75 
years, may be confidently treated with a first-line B + C 
regimen and that efficacy in this population is compara-
ble to that seen in younger adults.
Toxicity is increased in older patients, but adverse events 
can usually be anticipated and managed without treat-
ment discontinuation.

adults with advanced mCRC who were enrolled in five 
trials sponsored by the TTD. In these trials, patients were 
receiving first-line treatment with standard chemotherapy 
plus targeted monoclonal antibody therapy (bevacizumab, 
cetuximab or panitumumab). The design and results of 
the trials have been previously published (Table S1 in the 
electronic supplementary material [ESM]) [7–11]. Briefly, 
all trials were multicentre and open-label; four were phase 
II [7–9, 11] and one was a phase III trial [10]. One phase 
II trial was a single-arm study [7], whereas patients in the 
other four trials were randomized to two treatment arms 
(Table S1 in the ESM) [8–11]. One phase II trial included 
only patients with wild-type Kirsten rat sarcoma virus 
proto-oncogene (KRAS) mCRC and multiple or unresect-
able liver-limited disease [9], and another included only 
patients with wild-type KRAS mCRC (Table S1 in the 
ESM) [8]. All studies were conducted in accordance with 
the Declaration of Helsinki and were approved by institu-
tional review boards or independent ethics committees at 
each centre. All patients gave written informed consent.

Analysed efficacy endpoints included progression-free 
survival (PFS), overall survival (OS), overall response rate 
(ORR; defined as the proportion of patients who achieved 
either complete response [CR] or a partial response [PR] 
to treatment) and disease control rate (DCR; defined as 
the proportion of patients with CR, PR or stable disease). 
Safety was evaluated according to National Cancer Insti-
tute Common Toxicity Criteria, versions 4 and 5.

2.2 � Statistical Analyses

The Chi-squared test was used to compare the baseline clini-
cal characteristics and the percentage of patients respond-
ing to treatment in the two age groups. PFS and OS were 
determined using the Kaplan–Meier method, and the log-
rank test and Cox regression model were employed for the 
comparison of the curves. The Chi-squared test was also 
used to compare the two age groups for safety, treatment 
delays, dose reductions and dose intensity. A more detailed 
secondary analysis of the impact of age on OS and PFS was 
undertaken by analysing these parameters in patients aged 
< 65 years, ≥ 65 to < 70 years, ≥ 70 to < 75 years, and ≥ 
75 years.

3 � Results

3.1 � Patient Characteristics

Data were analysed for a total of 999 patients from the 
five studies (Table 1). The majority of patients were male 
(64.06%), and the mean age was 63.27 years.

their older patients can be managed in the same way as 
younger patients.

In 2020, the French Society of Geriatric Oncology 
published the first guidelines on the treatment of mCRC 
in older patients since 2013 [6]. Despite the publica-
tion of several clinical trials in the intervening years, 
only one grade A recommendation was made; this was 
in support of first-line bevacizumab in combination with 
mono-chemotherapy. All other recommendations relating 
to the use of biological agents were of a lower grade or 
were based on expert opinion only. No recommendations 
were made regarding the use of specific agents other than 
bevacizumab.

The Spanish Cooperative Group for the Treatment of 
Digestive Tumours (TTD) has sponsored several trials of 
biological therapy in patients with mCRC. Here, we report 
a retrospective analysis of data from these published clini-
cal trials, where the percentage of the population aged > 
65 years was 48%, which compared efficacy and safety 
outcomes in older versus younger patients with mCRC.

2 � Patients and Methods

2.1 � Study Design

A retrospective subgroup analysis according to age (< 
65 vs. ≥ 65 years) was conducted using a database of 
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In the pooled population of patients from the five stud-
ies, 48.05% of patients were aged ≥ 65 years. In MACRO2, 
which excluded patients aged > 70 years, the proportion of 
patients aged ≥ 65 years was lower than in the other four 
studies (26.46 vs. 48.33–55.46%; Table 1). In the total popu-
lation, 19.42% of patients were aged ≥ 65 to < 70 years, 
16.92% were aged ≥ 70 to < 75 years and 11.71% were ≥ 
75 years (Table 1).

When comparing the clinical characteristics of patients 
aged < 65 versus ≥ 65 years (Table 2), significantly more 
patients aged ≥ 65 years (42.08 vs. 31.41%; p = 0.0005) 
and significantly more patients aged < 65 years (74.15 vs. 
63.22%; p = 0.0005) had lung metastases, whereas there 
was no significant difference in RAS mutation status. As 
expected, there was also a significant difference between 
groups (< 65 vs. ≥ 65 years) in the proportion of patients 
with a baseline Eastern Cooperative Oncology Group per-
formance status (ECOG PS) score of 0 (29.92 vs. 19.00%; 
p = 0.0005; Table 2). The primary tumour location was the 
colon for the majority of patients in both age groups, with 
no significant between-group difference; however, the pri-
mary tumour site was the left colon for significantly more 
patients aged ≥ 65 versus < 65 years (84.09 vs. 74.16%, 
p = 0.0390; Table 2). Significantly more patients aged 
≥ 65 years had previously undergone surgery (82.92 vs. 
74.37%; p = 0.0010; Table 2). In terms of metastases, most 
patients in both age groups had up to two organs involved, 
with lung metastases present in significantly more patients 
aged ≥ 65 than < 65 years (42.08 vs. 31.41%, p = 0.0005; 
Table 2).

All patients had at least one comorbidity (range 1–15); 
the median number of comorbidities per patient was 2.0 
both in patients aged < 65 years and in those aged ≥ 
65 years. The most common comorbidities in both age 
groups were hypertension (present in 27.36 and 48.13% 
of patients aged < 65 vs. ≥ 65 years, respectively), dys-
lipidaemia (present in 13.68 and 22.29%, respectively) and 
diabetes (present in 13.87 and 21.88%, respectively).

3.2 � Treatment

Of the 999 patients included in this analysis, 733 
(73.37%) were treated with bevacizumab, 189 (18.92%) 
received cetuximab and 77 (7.71%) received panitu-
mumab (Table 2).

The use of biological agents differed significantly 
between the two age groups (p < 0.0001). In patients 
aged ≥ 65 years, 392 (81.67%) received bevacizumab, 
50 (10.42%) received cetuximab and 38 (7.92%) pani-
tumumab; in those aged < 65 years, 341 (65.70%), 139 
(26.78%) and 39 (7.51%) patients received the respective 
agents (Table 2).

The median treatment duration in patients aged < 
65 years and ≥ 65 years was 18.57 (interquartile range 
[IQR] 17.86–23.00) and 18.14 (IQR 13.14–20.79) weeks, 
respectively, for bevacizumab, 18.29 (IQR 11.00–26.71) 
and 18.57 (IQR 10.71–25.00) weeks, respectively, for 
panitumumab and 15.29 (IQR 10.14–17.14) and 15.21 
(IQR 7.29–17.14) weeks, respectively, for cetuximab.

The mean ± standard deviation (SD) relative dose 
intensity of panitumumab was significantly higher in 

Table 1   Age distribution at baseline by study

Data are presented as N (%) unless otherwise specified
SD standard deviation
a MACRO2 excluded patients aged > 70 years

AVAXIRI [7]
(N = 77)

MACRO2 [8]
(N = 189)a

PLANET[9]
(N = 77)

MACRO [10]
(N = 476)

SETICC [11]
(N = 180)

Total
(N = 999)

Age, years
 Mean ± SD 64.82 ± 8.55 59.06 ± 8.33 61.78 ± 11.17 64.74 ± 9.56 63.78 ± 9.82 63.27 ± 9.68
 Median (range) 65.00 (41.00–

81.00)
60.00 (33.00–

73.00)
64.00 (32.00–

83.00)
66.00 (32.00–

83.00)
64.00 (29.00–

86.00)
64.00 (29.00–

86.00)
Age groups, years
 < 65 36 (46.75) 139 (73.54) 39 (50.65) 212 (44.54) 93 (51.67) 519 (51.95)
 ≥ 65 41 (53.25) 50 (26.46) 38 (49.35) 264 (55.46) 87 (48.33) 480 (48.05)

Detailed age 
groups, years

 < 65 36 (46.75) 139 (73.54) 39 (50.65) 212 (44.54) 93 (51.67) 519 (51.95)
 ≥ 65 to < 70 19 (24.68) 40 (21.16) 19 (24.68) 87 (18.28) 29 (16.11) 194 (19.42)
 ≥ 70 to < 75 13 (16.88) 10 (5.29) 9 (11.69) 104 (21.85) 33 (18.33) 169 (16.92)
 ≥ 75 9 (11.69) 0 10 (12.99) 73 (15.34) 25 (13.89) 117 (11.71)
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Table 2   Clinical characteristics and treatments at baseline, by age group

Data are presented as N (%) unless otherwise indicated. p < 0.05 is considered statistically significant
ECOG PS Eastern Cooperative Oncology Group performance status
a Percentages were calculated based on the number of patients with data available for these variables
b Fisher’s exact test
c Chi-squared test
d Versus 5-fluorouracil
e Versus irinotecan
f Only comorbidities occurring in > 5% of patients overall are shown

Variable < 65 years (N = 519) ≥ 65 years (N = 480) Total (N = 999) p value

ECOG PSa N = 518 N = 479 N = 997
 0 155 (29.92) 91 (19.00) 246 (24.67) 0.0005b

 1 249 (48.07) 268 (55.95) 517 (51.86)
 2 107 (20.66) 117 (24.43) 224 (22.47)
 3 7 (1.35) 3 (0.63) 10 (1.00)

Primary tumour location
 Colon 336 (67.74) 284 (59.17) 620 (62.06) 0.0916c

 Rectum 124 (23.89) 144 (30.00) 268 (26.83)
 Colon and rectum 59 (11.37) 52 (10.83) 111 (11.11)

Primary tumour locationa N = 178 N = 88 N = 266
 Left 132 (74.16) 74 (84.09) 206 (77.44) 0.0390b

 Right 37 (20.79) 14 (15.91) 51 (19.17)
 Unknown 9 (5.06) 0 9 (3.38)

Metastatic site
 Liver 421 (81.12) 391 (81.46) 812 (81.28) 0.8903c

 Lungs 163 (31.41) 202 (42.08) 365 (36.54) 0.0005c

 Bone 7 (1.35) 8 (1.67) 15 (1.50) 0.6797c

 Peritoneum 57 (10.98) 46 (9.58) 103 (10.31) 0.4674c

 Distant lymph nodes 70 (13.49) 63 (13.13) 133 (13.31) 0.8662c

Number of organs involved
 ≤ 2 492 (94.80) 446 (92.92) 938 (93.89) 0.2148c

 > 2 27 (5.20) 34 (7.08) 61 (6.11)
RAS statusa N = 156 N = 75 N = 231
 Mutated 25 (16.03) 18 (24.00) 43 (18.61) 0.1526b

KRAS statusa N = 472 N = 416 N = 888
 Mutated 122 (25.85) 153 (36.78) 275 (30.97) 0.0005b

 Wild type 350 (74.15) 263 (63.22) 613 (69.03) 0.0005b

Biological agent
 Bevacizumab 341 (65.70) 392 (81.67) 733 (73.37) < 0.0001c

 Cetuximab 139 (26.78) 50 (10.42) 189 (18.92)
 Panitumumab 39 (7.51) 38 (7.92) 77 (7.71)

Chemotherapy agent
 5-Fluorouracil 207 (39.88) 111 (23.13) 318 (31.83)
 Capecitabine 312 (60.12) 369 (76.88) 681 (68.17) < 0.0001c,d

 Irinotecan 100 (19.27) 89 (18.54) 189 (18.92)
 Oxaliplatin 419 (80.73) 391 (81.46) 810 (81.08) 0.7697c,e

Previous treatment
 Surgery 386 (74.37) 398 (82.92) 784 (78.48) 0.0010c

 Chemotherapy 69 (13.29) 80 (16.67) 149 (14.91) 0.1350c

 Radiotherapy 34 (6.55) 40 (8.33) 74 (7.41) 0.2825c

Comorbiditiesf

 Arthropathy 31 (5.97) 42 (8.75) 73 (7.31) 0.1133
 Benign prostatic hyperplasia 15 (2.89) 42 (8.75) 57 (5.71) < 0.0001
 Diabetes 72 (13.87) 105 (21.88) 177 (17.72) 0.0012
 Dyslipidaemia 71 (13.68) 107 (22.29) 178 (17.82) 0.0005
 Hypertension 142 (27.36) 231 (48.13) 373 (37.34) < 0.0001
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patients aged < 65 than in those ≥ 65 years (87.20 ± 
13.18% vs. 82.80 ± 11.21%; p = 0.0372), most likely 
because the relative dose intensity of panitumumab was 
reduced in patients aged ≥ 75 versus < 75 years (Table 3).

There were no significant differences between age 
groups in the mean ± SD relative dose intensity of bevaci-
zumab (90.34 ± 14.33% vs. 90.75 ± 13.71%; p = 0.8228) 
or cetuximab (86.92 ± 11.10% vs. 84.85 ± 15.21%; p = 
0.6612).

There were no significant differences between those 
aged < 65 and ≥ 65 years in the incidence of biological 
drug dose reductions (55.30 vs. 61.25%; p = 0.0568) or 
delays (60.12 vs. 57.50%; p = 0.4013).

3.3 � Efficacy

PFS did not differ significantly between the two age groups; 
median PFS was 9.9 months (95% confidence interval [CI] 
9.1–10.4) for patients aged ≥ 65 years and 9.4 months (95% 
CI 8.9–10.5) for those aged < 65 years (p = 0.8585; hazard 
ratio [HR] 1.01; 95% CI 0.88–1.17; Fig. 1a). In the detailed 
age groups, median PFS was 8.6 months (95% CI 7.0–10.6) 
in patients aged ≥ 75 years, 9.9 months (95% CI 8.5–11.0) 
in those aged ≥ 70 to < 75 years, 9.9 months (95% CI 
8.9–11.3) in those aged ≥ 65 to < 70 years and 9.4 months 
(95% CI 8.9–10.5) in those aged < 65 years (Fig. 2a).

Median OS was significantly shorter in patients aged ≥ 65 
years (21.3 months; 95% CI 18.9–23.2) than in those aged < 
65 years (25.0 months; 95% CI 22.9–27.3; p = 0.0132; HR 
1.21; 95% CI 1.04–1.41; Fig. 1b). In the detailed age groups, 
median OS showed numerical decreases from 25.0 months 
in patients aged < 65 years to 17.6 months in those aged ≥ 
75 years (Fig. 2b). In univariate Cox regression analysis, age 
was a significant prognostic factor for OS but not for PFS.

Other efficacy endpoints, including best overall response, 
ORR and DCR, showed no significant differences between 
the two age groups (Table 4). The ORR was 58.96% in 
patients aged ≥ 65 years and 62.04% in those aged < 65 
years. When non-evaluable patients were excluded from the 
analysis, the ORR was 64.32 and 65.58% for the respective 

age groups. The DCR was 84.38 and 87.28% in patients aged 
≥ 65 years and < 65 years, respectively; respective DCR 
values were 92.05 and 92.26% when non-evaluable patients 
were excluded from the analysis.

Among patients receiving bevacizumab (N = 733), 
median PFS did not significantly differ between patients aged 
< 65 versus ≥ 65 years (9.7 vs. 9.7 months; p = 0.4250). 
Consistent with the total population, median OS in patients 
receiving bevacizumab was significantly shorter in patients 
aged ≥ 65 versus < 65 years (20.0 vs. 23.8 months), with 
analysis of the detailed age groups showing that the short-
est median OS was in those aged ≥ 75 years (17.1 months). 
OS among patients receiving anti-epidermal growth factor 
receptors was similar for patients aged < 65 and ≥ 65 years 
(27.7 vs. 27.1 months; p = 0.9090). The ORR in patients 
receiving bevacizumab was similar in the groups aged < 65 
and ≥ 65 years (59.24 vs. 57.14%; p = 1.000).

3.4 � Safety

The most common adverse events (AEs; i.e. those experi-
enced by > 5% of patients in either treatment group) are 
shown in Table 5, with further detail in Tables S2 and 
S3 in the ESM. The incidence of fatigue, upper respira-
tory tract infection, decreased appetite and hypertension 
(any grade) were significantly higher in patients aged ≥ 
65 years than in those aged < 65 years (Table 5). Grade 
3–5 fatigue and several gastrointestinal AEs (diarrhoea, 
nausea, rectal haemorrhage and vomiting) occurred in sig-
nificantly more patients aged ≥ 65 years than in those aged 
< 65 years (Table 5).

AEs of any grade with significantly higher incidence in 
patients aged < 65 versus ≥ 65 years were anaemia, asthe-
nia, skin toxicity dermatitis and skin fissures (Table 5). 
Grade 1–2 neutropenia was also significantly more com-
mon in the younger patient group. Skin toxicity dermatitis 
was the only grade 3–5 AE that occurred with significantly 
higher incidence in patients aged < 65 years.

The overall incidence of grade 3 or higher AEs was 
significantly higher in patients aged ≥ 65 than < 65 years 

Table 3   Relative dose intensity of biological agents, by detailed age group

Data are presented as mean ± standard deviation unless otherwise indicated

< 65 years
(N = 519)

≥ 65 to < 70 years
(N = 194)

≥ 70 to < 75 years
(N = 169)

≥ 75 years
(N = 117)

Total
(N = 999)

Bevacizumab N = 341 N = 135 N = 150 N = 107 N = 733
 Relative dose intensity, % 90.34 ± 14.33 91.16 ± 14.33 90.24 ± 14.27 90.95 ± 12.12 90.56 ± 13.99

Cetuximab N = 132 N = 39 N = 10 N = 0 N = 181
 Relative dose intensity, % 86.92 ± 11.10 83.56 ± 16.61 90.35 ± 5.30 – 86.39 ± 12.33

Panitumumab N = 39 N = 19 N = 9 N = 10 N = 77
 Relative dose intensity, % 87.20 ± 13.18 84.67 ± 11.41 84.01 ± 9.22 78.14 ± 12.17 85.03 ± 12.37
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(72.08 vs. 63.97%, p = 0.0061), as were treatment-related 
grade 3 or higher AEs (61.67 vs. 45.86%; p < 0.0001). 
Treatment-related serious AEs occurred in significantly 
more patients aged ≥ 65 than < 65 years (20.83 vs. 
13.68%; p = 0.0027); corresponding values for any seri-
ous AE were 37.50 versus 33.33% (p = 0.1687).

3.5 � Post‑Study Treatment

Significantly more patients aged < 65 years received 
further chemotherapy and/or radiotherapy after discon-
tinuing study treatment (76.30 vs. 68.75%; p = 0.0075). 
In both age groups, the most common post-study treat-
ment was irinotecan, followed by 5-fluorouracil (Table 6). 
Other common post-study treatments (i.e. received by > 
20% of patients) were bevacizumab, capecitabine, cetux-
imab and oxaliplatin. Post-study surgery was also sig-
nificantly more common in patients aged < 65 than ≥ 65 

years (24.28 vs. 16.04%; p = 0.0012). There were no sig-
nificant differences between age groups in the proportions 
of patients who achieved R0 (no cancer cells at resection 
margin) or R1–R2 (microscopic or macroscopic positive 
margin, respectively) following surgery (Table 6).

4 � Discussion

This large retrospective subgroup analysis of five multicen-
tre studies of biological therapies suggests that biological 
therapy in combination with chemotherapy is an effective 
first-line treatment option for selected patients aged ≥ 65 
years with mCRC. As seen in this analysis, bevacizumab-
based chemotherapy was generally the treatment used in 
most patients aged ≥ 65 years (81.67 vs. 10.42% treated with 
cetuximab and 7.92% with panitumumab). PFS and ORR did 

Fig. 1   Kaplan–Meier curves showing a progression-free survival and 
b overall survival by patient age group (< 65 vs. ≥ 65 years). These 
plots were calculated from the derived variables in each study. CI 
confidence interval, HR hazard ratio

Fig. 2   Kaplan–Meier curves showing a progression-free survival and 
b overall survival by detailed age group. CI confidence interval, HR 
hazard ratio
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not significantly differ among patients aged ≥ 65 versus < 
65 years treated with bevacizumab. A significantly higher 
proportion of patients aged < 65 years received subsequent 
chemotherapy and/or radiotherapy, or underwent surgery, 
after discontinuing study treatment.

Age is known to be a major risk factor for mCRC. Both 
the incidence of mCRC and the number of older patients 
requiring treatment is expected to increase as the population 
of the developed world ages [12]. However, as previously 
mentioned, older patients are generally under-represented in 
clinical trials of patients with mCRC [5, 13]. Furthermore, 

Table 4   Efficacy endpoints by age group

Data are presented as N (%) unless otherwise specified. p < 0.05 is considered statistically significant
CI confidence interval, CR complete response, OS overall survival, PD progressive disease, PFS progression-free survival, PR partial response, 
SD stable disease
a Log-ranked test
b Chi-squared test
c Fisher’s exact test

Endpoint < 65 years
(N = 519)

≥ 65 years
(N = 480)

Total
(N = 999)

p value

Median PFS, months (95% CI) 9.4 (8.9–10.5) 9.9 (9.1–10.4) – 0.8586a

Median OS, months (95% CI) 25.0 (22.9–27.3) 21.3 (18.9–23.2) – 0.0132a

Best overall response
 CR 19 (3.66) 17 (3.54) 36 (3.60) 0.4685b

 PR 303 (58.38) 266 (55.42) 569 (59.96)
 SD 131 (25.24) 122 (25.42) 253 (25.33)
 PD 36 (6.94) 33 (6.88) 69 (6.91)
 Not evaluable 28 (5.39) 40 (8.33) 68 (6.81)
 Data missing 2 (0.39) 2 (0.42) 4 (0.40)

Objective response 322 (62.04) 283 (58.96) 605 (60.56) 0.7309c

Disease control 453 (87.28) 405 (84.38) 858 (85.89) 0.9036c

Table 5   Most common adverse events (> 5% of patients) for which there was a significant difference in frequency between age groups (< 65 and 
≥ 65 years)

Data are presented as N (%) unless otherwise specified. p < 0.05 is considered statistically significant
URTI upper respiratory tract infection
a Values in bold indicate statistically significant effect estimates at p < 0.05
b Includes dermatitis acneiform, exfoliative rash and rash

Adverse event Any grade Grade 1–2 Grade 3–5

< 65 years ≥ 65 years p valuea < 65 years ≥ 65 years p valuea < 65 years ≥ 65 years p valuea

Anaemia 166 (12.72) 42 (8.75) 0.0437 64 (12.33) 42 (8.75) 0.0663 6 (1.16) 2 (0.42) 0.1902
Neutropenia 110 (21.19) 86 (17.92) 0.1924 101 (19.46) 66 (13.75) 0.0157 50 (9.63) 48 (10.00) 0.8459
Diarrhoea 328 (63.20) 306 (63.75) 0.8565 318 (61.27) 282 (58.75) 0.4162 51 (9.83) 82 (17.08) 0.0007
Nausea 220 (42.39) 187 (38.96) 0.5272 219 (42.20) 5 (0.96) 0.2978 5 (0.96) 18 (3.75) 0.0033
Rectal haemorrhage 31 (5.97) 31 (6.46) 0.7508 31 (5.97) 29 (6.04) 0.9636 0 4 (0.83) 0.0372
Vomiting 190 (36.61) 168 (35.00) 0.5962 186 (35.84) 155 (32.29) 0.2376 16 (3.08) 29 (6.04) 0.0243
Asthenia 205 (39.50) 157 (32.71) 0.0257 202 (38.92) 151 (31.46) 0.0137 23 (4.43) 35 (7.29) 0.0534
Fatigue 137 (26.40) 171 (35.63) 0.0016 136 (26.20) 162 (33.75) 0.0092 9 (1.73) 34 (7.08) <0.0001
URTI 22 (4.24) 48 (10.00) 0.0004 22 (4.24) 45 (9.38) 0.0012 1 (0.19) 3 (0.63) 0.2797
Decreased appetite 123 (23.70) 166 (34.58) 0.0002 116 (22.35) 160 (33.33) 0.0001 10 (1.93) 18 (3.75) 0.0811
Skin toxicity dermatitisb 152 (29.29) 85 (17.71) < 0.0001 152 (29.29) 84 (17.50) < 0.0001 29 (5.59) 14 (2.92) 0.0425
Skin fissures 28 (5.39) 12 (2.50) 0.0197 27 (5.20) 11 (2.29) 0.0163 2 (0.39) 4 (0.83) 0.3599
Hypertension 78 (15.03) 97 (20.21) 0.0314 72 (13.87) 87 (18.13) 0.0664 14 (2.70) 22 (4.58) 0.1101
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older patients may also be undertreated or remain untreated 
in clinical practice due to physicians’ concerns about their 
suitability for treatment [12]. A meta-analysis of clinical 
trials in selected older patients with mCRC indicated that 
the use of biological therapy significantly improved PFS and 
OS in patients aged ≥ 65 years compared with treatment that 
did not contain biological agents [14]. However, the avail-
able data did not allow for a between-group comparison of 
treatment-related toxicities in older versus younger patients 
[14].

Of the 999 patients included in our analysis, almost half 
were aged ≥ 65 years; 17% were aged ≥ 70 years and 12% 
were aged ≥ 75 years. By pooling data from these five trials, 
the number of patients analysed was high enough to detect 
differences between patients aged < 65 years and those aged 

≥ 65 years. However, the MACRO2 study, which excluded 
patients aged > 70 years [8], contained a lower proportion 
of patients aged ≥ 65 years than the other four studies. In 
addition, significant differences between patients aged < 65 
versus ≥ 65 years in some baseline characteristics, includ-
ing the proportion of patients with wild-type KRAS tumours 
(74.15 vs. 63.22%) and those receiving cetuximab (26.78 
vs. 10.42%), were possibly due to inclusion criteria of the 
MACRO2 study, in which patients with wild-type KRAS 
tumours received cetuximab-based treatment [8].

The anti-tumour activity of the biological agents studied 
(i.e. bevacizumab, cetuximab and panitumumab) was simi-
lar in older and younger patients, with no significant differ-
ences between age groups in ORR or DCR. There were also 
no significant differences in median PFS between patients 

Table 6   Post-treatment therapies by age group and detailed age group

Data are presented as N (%) unless otherwise specified
EGFR epidermal growth factor receptor, NE not evaluable, R0 no cancer cells at resection margin, R1 microscopic positive margin, R2 macro-
scopic positive margin, TAS102 trifluridine/tipiracil
a p = 0.0012 vs. <65
b Surgical outcome data missing for one patient

Variable < 65 years
(N = 519)

≥ 65 years
(N = 480)

≥ 65 to < 70 years
(N = 194)

≥ 70 to < 75 years
(N = 169)

≥ 75 years
(N = 117)

Total
(N = 999)

Did the patient receive post-treatment therapies?
 Yes 396 (76.3) 330 (68.75) 137 (70.6) 123 (72.8) 70 (59.8) 726 (72.7)
 No 123 (23.7) 150 (31.25) 57 (29.4) 46 (27.2) 47 (40.2) 273 (27.3)

Therapies received
 Chemotherapy
  Fluoropyrimidine 462 (89.02) 349 (72.71) 147 (75.77) 129 (76.33) 73 (62.39) 811 (81.18)
  Oxaliplatin 208 (40.08) 144 (30.00) 66 (34.02) 55 (32.54) 23 (19.66) 352 (35.24)
  Irinotecan 317 (61.08) 250 (52.08) 108 (55.67) 87 (51.48) 55 (47.01) 567 (56.76)
  TAS-102 1 (0.19) 1 (0.20) 0 (0.00) 0 (0.00) 1 (0.85) 2 (0.20)
  Mitomycin 29 (5.59) 18 (3.75) 10 (5.15) 6 (3.55) 2 (1.71) 47 (4.70)
  Gemcitabine 10 (1.93) 5 (1.04) 1 (0.52) 4 (2.37) 0 (0.00) 15 (1.50)
  Raltitrexed 39 (7.51) 18 (3.75) 11 (5.67) 7 (4.14) 0 (0.00) 57 (5.71)

 Anti-EGFR agents
  Cetuximab 167 (32.18) 117 (24.38) 57 (29.38) 35 (20.71) 25 (21.37) 284 (28.43)
  Panitumumab 43 (8.29) 39 (8.13) 16 (8.25) 15 (8.88) 8 (6.84) 82 (8.21)

 Anti-angiogenic agents
  Bevacizumab 202 (38.92) 143 (29.79) 61 (31.44) 58 (34.32) 24 (20.51) 345 (34.53)
  Regorafenib 16 (3.08) 5 (1.04) 2 (1.03) 2 (1.18) 1 (0.85) 21 (2.10)
  Ramucirumab 4 (0.77) 6 (1.25) 1 (0.52) 2 (1.18) 3 (2.56) 10 (1.00)
  Aflibercept 41 (7.90) 18 (3.75) 12 (6.19) 4 (2.37) 2 (1.71) 59 (5.91)

 Other
  Others 16 (3.08) 5 (1.04) 4 (2.06) 0 (0.00) 1 (0.85) 21 (2.10)

Received post-treatment surgery 126 (24.28) 77 (16.04)a 42 (21.65) 22 (13.02) 13 (11.11) 203 (20.32)
Best surgical outcome N = 126 N = 76b N = 42 N = 22 N = 12 b N = 202b

 R0 84 (66.67) 52 (68.42) 30 (71.43) 15 (68.18) 7 (58.33) 136 (13.61)
 R1–R2 39 (30.95) 19 (25.00) 9 (21.43) 6 (27.27) 4 (33.33) 58 (5.81)
 NE 3 (2.38) 5 (6.58) 3 (7.14) 1 (4.55) 1 (8.33) 8 (0.80)
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aged ≥ 65 years (9.9 months) and those aged < 65 years 
(9.4 months). However, as may be expected, the median OS 
was slightly shorter in older versus younger patients (21.3 
vs. 25.0 months). This OS difference may be related to the 
fact that significantly more patients in the younger age group 
underwent post-study treatment or surgery. Furthermore, 
different factors may have contributed to a shorter OS in 
older patients. First, a higher proportion of patients in that 
age group had worse ECOG PS. Second, a low percentage 
of patients received active treatment after first-line therapy. 
Third, the life expectancy of older patients, mainly those 
aged ≥ 75 years, is usually shorter because of non-cancer-
specific mortality.

Several differences were observed between older and 
younger patients in the safety profile of the studied drugs. 
Any-grade fatigue, upper respiratory tract infection, 
decreased appetite and hypertension occurred with signifi-
cantly higher incidence among patients in the older versus 
younger age group. Serious or grade 3–5 treatment-related 
AEs and grade 3–5 fatigue and gastrointestinal disorders 
also occurred more frequently among older versus younger 
patients. In contrast, younger patients reported higher inci-
dences of anaemia, asthenia, skin toxicities, skin fissures 
and mild-to-moderate neutropenia than patients in the older 
age group.

The extent to which differences in safety and tolerabil-
ity between the age groups were attributable to biological 
agents or to chemotherapy remains unclear. The higher inci-
dence of hypertension in older patients is consistent with 
previous studies of older patients with mCRC, in which 
hypertension, proteinuria and thromboembolic events 
were shown to be associated with bevacizumab treatment 
[15–17]. However, the safety of bevacizumab has previ-
ously been reported to be acceptable in patients aged ≥ 75 
years with normal scores for independent activities of daily 
living [18].

In general, clinical trials may not capture data on out-
comes that are of particular importance in older popula-
tions, such as functional and cognitive impairment and other 
aspects of health-related quality of life. Additionally, less 
severe or less serious AEs may have more significance for, or 
a greater impact on, older versus younger patients, but cur-
rent methodologies do not adequately address this. Thus, we 
acknowledge that our data may not reflect the full spectrum 
of adverse experiences associated with pharmacotherapy for 
mCRC in older patients. In future, the design of clinical tri-
als in older adults with mCRC should give due consideration 
to patient-reported outcomes that are of specific relevance 
and importance to this population.

Research into the efficacy and safety of biological agents 
in older patients with mCRC began over 10 years ago. In 
2010, a pooled analysis of four randomized studies (three 
first line and one second line) of bevacizumab in 3007 older 

patients with mCRC found that bevacizumab plus chemo-
therapy produced survival benefits in patients aged ≥ 65 
or ≥ 70 years that were similar to those in patients aged < 
65 years [17]. Safety analyses did not identify any major 
additional risks associated with the use of bevacizumab in 
older patients, with the exception of arterial thromboembolic 
events, which, as expected, were more common in older than 
younger bevacizumab-treated patients.

Subsequently, three studies (AGITG-MAX, AVEX and 
PRODIGE-20) were undertaken to investigate the efficacy 
and safety of bevacizumab (plus a fluoropyrimidine) as first-
line therapy in patients aged ≥ 75 years with mCRC [19–21]; 
the results of these studies, as well as data from an earlier 
study in patients aged ≥ 70 years [22], were included in a 
meta-analysis published in [23]. In this analysis, the addi-
tion of bevacizumab to fluoropyrimidine therapy improved 
both OS and PFS compared with fluoropyrimidine treatment 
alone, with odds ratios (ORs) of 0.78 (95% CI 0.63–0.96) 
for OS and 0.55 (95% CI 0.44–0.67) for PFS. Indeed, add-
ing bevacizumab to fluoropyrimidine was more effective in 
older patients, in terms of impact on OS and PFS, than add-
ing either irinotecan (OR 1.01 and 0.82, respectively) or 
oxaliplatin (OR 0.99 and 0.81, respectively).

Because the meta-analysis considered only data from 
older patients, comparisons between older and younger age 
groups were not possible [23]. However, in the AGITG-
MAX trial, there was no effect of age (using a cut-off of 75 
years) on PFS, OS or toxicity among patients who received 
bevacizumab and capecitabine [20].

Clinical trials, even those in older patients, exclude many 
individuals who are typical of those who present for treat-
ment in everyday clinical practice, including those with 
comorbidities and renal impairment. Accordingly, data from 
real-world studies are needed to create a more complete pic-
ture of the effects of medical interventions in mCRC.

To date, the results of three real-world studies of bio-
logical treatments in older patients with mCRC have been 
reported [16, 24, 25]. In 2014, a prospective German obser-
vational cohort study (n = 1777) [25] and a retrospective 
population-based Czech registry study (n = 3187) [16] both 
reported that first-line bevacizumab-based regimens were 
effective in patients with mCRC aged ≥ 75 and ≥ 65 years, 
respectively. In the German study, median PFS and OS were 
shorter in older than younger patients when cut-offs of 70 
and 75 years were applied [24]. In contrast, no effect of age 
on median PFS or OS was seen in the Czech study, which 
analysed data separately for patients aged < 65, 65 to < 75 
and ≥ 75 years [16]. Lastly, in the French STROMBOLI 
study (n = 800), median PFS and OS with first-line regimens 
containing either bevacizumab or cetuximab were similar 
for patients aged < 75 or > 5 years and were also generally 
similar to those observed in our analysis. In contrast to our 
findings, the STROMBOLI study reported no significant 
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differences between age groups in the frequency of grade 
3 or 4 AEs, including gastrointestinal disorders. However, 
the number of patients aged ≥ 75 years in the STROMBOLI 
study was relatively low (n = 126) compared with those aged 
< 75 years (n = 674) [25]; thus, between-group differences 
may have been less apparent.

Compared with bevacizumab, less information is avail-
able on the clinical effects of cetuximab or panitumumab 
in the first-line treatment of older patients with mCRC. A 
retrospective analysis of data from the ObservEr study (n 
= 225) demonstrated similar PFS, DCR, quality of life and 
incidence of AEs, with first-line chemotherapy plus cetuxi-
mab in patients with mCRC aged < 70 versus ≥ 70 years, 
suggesting that this regimen may be suitable in older patients 
with mCRC [26]. In addition, a retrospective analysis of 
observational data from the Hellenic Oncology Research 
Group’s database suggested that panitumumab was effec-
tive (median PFS 9.4 months; median OS 23.0 months) and 
well-tolerated in patients with mCRC aged ≥ 65 years (n 
= 110) [27]. This finding was supported by the results of 
the prospective phase II PANDA trial [28], in which 185 
patients aged ≥ 70 years received panitumumab in combina-
tion with folinic acid/5-fluorouracil, with or without oxali-
platin. The median PFS was 9.6 months among oxaliplatin 
recipients versus 9.1 months for those randomised to folinic 
acid/5-fluorouracil only.

Overall, the results of these studies suggest that bio-
logical-based first-line treatment of mCRC is effective in 
selected older patients with mCRC, and age per se should 
not be considered a barrier to its use.

One limitation of our study is that the data came from 
selected clinical trials and not from the general popula-
tion/real-world studies. Therefore, the exclusion criteria 
of the analysed trials meant that only relatively fit older 
patients were included. While a higher number of older 
than younger patients had a baseline ECOG PS of > 0, 
almost all patients in our analysis had a baseline ECOG 
PS of ≤ 2. Therefore, the findings cannot be extrapolated 
to a population of pre-frail or frail older patients or those 
with poor ECOG PS. Finally, this is a retrospective study, 
and the MACRO2 study included in this analysis excluded 
patients aged > 70 years, further introducing bias in these 
results.

Definitive conclusions about the relative efficacy and 
safety of biological agents in older versus younger patients 
can only be drawn from appropriately designed prospec-
tive clinical trials and meta-analyses, and our findings 
should be viewed in that context. We defined the boundary 
between ‘older’ and ‘younger’ patients as being 65 years, 
and this is of course an arbitrary threshold. People aged ≥ 
65 years form a heterogeneous group, and our results can-
not be extrapolated to all patients in this age category. Of 
note, the proportion of patients in our study who were aged 

≥ 75 years was relatively small (< 12%). We nevertheless 
believe our results make a useful contribution to the field 
of knowledge in this area and may be instructive to others 
conducting similar research as well as to practising geri-
atric oncologists.

5 � Conclusions

This large retrospective subgroup analysis suggests that bio-
logical agents in combination with chemotherapy constitute 
an effective first-line treatment option for selected patients 
aged ≥ 65 years with mCRC, with efficacy comparable 
to that observed in patients aged < 65 years. Toxicity is 
increased but generally manageable.
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