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Introduction

	 As life expectancy and cancer incidence increase with age, more 
and more older patient with cancer are diagnosed [1]. The median age 
of diagnosis of Colorectal Cancer (CRC) is 70 years in men and 73 
years in women, and colorectal cancer is the second leading cause of 
death from all cancers combined [2]. Older patients appear to bene-
fit from chemotherapy, but advanced age is a risk factor for chemo-
toxicity [3,4]. The oncogeriatric population represents a category of 
potentially vulnerable patients for whom a number of age-related fac-
tors need to be assessed and taken into consideration when choosing 
treatment. Older patient with cancer frequently present undernutri-
tion [5-7], sarcopenia [8,9] and frailty markers [10,11] which may in-
crease the risk of chemotherapy-related toxicity. In order to assess the 
suitability of these patients to receive chemotherapy, a standardized 
geriatric assessment (comprehensive geriatric assessment: CGA) is 
recommended prior to the therapeutic decision [12]. During the CGA, 
certain geriatric factors or frailty criteria are highlighted and then play 
a role in the risk-benefit balance of the choice of treatment to be car-
ried out. Indeed, the presence of co-morbidities has been shown to be 
associated with increased severe toxicity of chemotherapy and hos-
pitalizations [13-15], and early discontinuation of cancer treatment 
[16]. Chemotoxicity has been associated with some domains of CGA 
such as depression, cognitive impairment, loss of autonomy in In-
strumental Activities of Daily Living (IADL) or poor social support 
[17,18]. In older patients with advanced colorectal cancer, a study 
by the Fédération Française de Cancérologie Digestive showed that  
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Abstract
Introduction: In order to assess the ability of older patient with Col-
orectal Cancer (CRC) to receive chemotherapy, a Comprehensive 
Geriatric Assessment (CGA) is recommended before the final ther-
apeutic decision. The primary objective was to determine whether 
the presence of geriatric factors and/or frailty markers was asso-
ciated with a dose reduction of prescribed chemotherapy in older 
patient with CRC. Secondary objectives were to determine which 
parameters were associated with early chemotherapy toxicity and to 
evaluate the correlation of dose reductions with geriatric oncologist 
treatment recommendations.

Materials and methods: This retrospective, monocentric study in-
cluded patients ≥70 years, with a CRC requiring chemotherapy, for 

whom CGA was performed at the request of oncologists prior to the 
decision. Frailty markers (nutrition, physical activity, energy, mobil-
ity and strength), comprehensive geriatric assessment (functional 
status, comorbidities, falls, nutrition, cognition and depression) were 
collected.

Results: Out of the 30 patients (mean age 79.9 years) 50% had 
early toxicities and 46.4% had an immediate dose reduction. One 
in five patients had at least 3 markers of frailty and 46.7% had at 
least 3 abnormal CGA parameters. Immediate dose reduction was 
not associated with any oncological parameters, geriatric domains or 
frailty markers. Only 50% of the patients with CGA-suggested adjust-
ment of cancer treatment were actually prescribed a chemotherapy 
dose reduction. On the contrary, 44.4% of patients with CGA-rec-
ommended standard treatment were prescribed reduced-dose che-
motherapy. Factors significantly associated with early grade 3-4 
toxicities were delayed treatment and unscheduled hospitalizations 
(respectively, p<0.001 and p = 0.003). Factors associated with early 
hematotoxicity was delayed treatment (p = 0.003) and with non-he-
matological toxicities were dose adjustments after onset of toxicity 
(p = 0.035), unscheduled hospitalizations at 3 months (p<0.001) and 
hearing impairment (p = 0.043).

Discussion: Our study shows that oncologists do not systematical-
ly follow the treatment recommendations and protocol adaptations 
suggested by the results of CGA of patients with CRC.

Keywords: Chemotoxicity; Colon cancer; Decision making; Frailty 
markers; Geriatric assessment
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low Mini Mental State Examination (MMSE) and IADL scores were 
independently associated with unexpected hospitalization, and a low 
MMSE score was also significantly associated with increased toxicity 
from grade 3 to 5 [19].

	 At the end of the CGA, recommendations on the type of care are 
sent to oncologists. Nevertheless, the link between the findings of the 
geriatric assessment and the oncologic decision-making process is 
not well studied. A comparative study showed that CGA with inter-
ventions was associated with better completion of planned treatment, 
fewer treatment changes and reduced grade 3 and higher chemotoxic-
ity in the intervention group versus the control group [20]. The study 
of Chaibietal [21], analyzed the impact of CGA on treatment in 161 
older patients with cancer. Cancer treatment was modified in half of 
the patients, one third of whom had their treatment intensified. In the 
study of Girre V et al., [22] only body mass index and absence of 
depressive symptoms were significantly associated with a change in 
treatment plan.

	 Other prognostic markers have recently been studied in addition to 
CGA domains such as frailty phenotype markers. According to Fried 
et al., [23], the frailty phenotype is identified using five markers: nu-
trition, mobility, strength, energy and physical activity. The presence 
of at least three markers allows to define a patient as fragile and one 
or two markers as pre-fragile. In the general population, Fried showed 
that “frail” and “pre-frail” people were at greater risk of death within 
3 years or of adverse outcomes (development of disabilities, mobility 
disorders, falls, and hospitalization).  The study of Retornaz et al., 
[24] showed that, of older patient with cancer and without disability, 
42% of patients had at least one marker of frailty. Some frailty mark-
ers are predictive of chemotoxicity [25,26] and early death [27,28]. 
Thus, the use of frailty markers appears to be complementary to CGA 
to detect patients with underlying vulnerability that may interfere 
with cancer treatment.

	 The main objective of this study was to determine whether the 
presence of geriatric factors and/or frailty markers, assessed during 
the pre-chemotherapy geriatric oncology evaluation, was associated 
with a dose reduction of prescribed chemotherapy in older patients 
with CRC. Secondary objectives were 1. to determine whether geri-
atric factors and markers of frailty were associated with early che-
motherapy toxicity and 2. Whether changes in chemotherapy doses 
prescribed by oncologists were associated with treatment recommen-
dations for geriatric oncologist.

Patients and Methods
Study design

	 This is a retrospective, descriptive, monocentric study conducted 
from October 2012 to June 2019 at the European Hospital in Mar-
seille. All patients aged 70 years and older with CRC requiring che-
motherapy for whom a geriatric oncology assessment was performed 
at the request of oncologists prior to the treatment decision were in-
cluded (Figure 1). Patient records were analyzed using the Chemo-
therapy Prescribing Software Chimio and the DPI Qc are computer-
ized patient record software.

Data collection

	 Demographic data (age, gender) were collected by the geriatric 
oncologist. CGA data and frailty markers were collected by the geri-
atric oncologist, nurse practitioner and dietician. The CGA included  

the following 9 domains: social status, autonomy, depression, cogni-
tion, neurosensory deficits, falls, nutrition, co-morbidities and med-
ications. Disability for domestic Activities of Daily Living (ADL) 
was assessed using six tasks from the Katz index [29]. Abnormality 
of IADL was assessed using the seven elements of Older American 
Resources and Services [30]. The denominator has been adjusted to 
take into account patients who were not normally engaged in activi-
ties such as cooking or laundry. Loss of autonomy in ADL or IADL 
has been defined as the need for assistance to complete at least one 
activity. The 4 item Geriatric Depression Scale (mini GDS) was used 
to screen for depression. A score of 1 or more indicated depression 
[31]. Cognition was assessed by the following tests: Mini Cog [32], 
or Clock test [33]. Patients with hearing disorders and/or requiring 
hearing aids, and/or patients with vision disorders (despite the use 
of glasses) were considered to have a neurosensory deficit. Patients 
who had experienced one or more falls in the previous six months 
were considered to have a positive history of falls. Nutritional status 
was assessed according to Body Mass Index (BMI). Patients with a 
BMI of less than 22 were considered underweighted and malnour-
ished [34]. Co-morbid conditions have been codified according to the 
International Classification of Diseases (ICD-10th Revision, French 
version). Ten co-morbidity groups were selected: cardiovascular dis-
ease, hypertension, diabetes, depression, dementia, other neurological 
diseases, respiratory diseases, gastrointestinal diseases, osteoarticular 
diseases and renal failure [35]. In each group, patients were positive if 
they had one or more co-morbidities. Co-morbidity was defined as the 
presence of three or more co-morbidities [36]. The number of drugs 
(excluding those for cancer treatment) was counted for each patient. 
A number of 5 drugs were considered as polypharmacy.

	 The 5 frailty markers adapted from Fried’s phenotype were also 
collected: physical activity, grip strength, mobility, energy and nutri-
tion [23]. Reduced physical activity analyzed by the Canadian Study 
of Health and Aging Risk Factors Questionnaire [37] which assesses 
physical activity: no exercise or low exercise level was considered a 
positive marker for the frailty of physical activity. The strength was 
assessed by measuring the grip strength (in kilograms) in the domi-
nant hand using a dynamometer; grip strength was adjusted for gen-
der and BMI as described by Fried et al., [23]. Mobility was assessed 
using the Timed Up and Go (TUG) test [38] or the unipodal support 
test [39]. A TUG time of less than ten seconds or a patient’s inability 
to balance on one leg for more than five seconds was considered a 
positive marker of frailty for mobility. Energy was assessed using a 
visual scale ranging from 0 (no energy) to 10 (full of energy). A score 
<3 indicated a positive marker of frailty for energy [40].

Figure 1: Descriptive statistics.
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	 Chemotherapy-related toxicities were assessed at 3 months using 
version 4.0 of the common terminology Criteria for Adverse Events 
(CTCAE) and collected by a research coordinator. Toxicities were rat-
ed on a scale of 0 to 4. Grade 3 or 4 toxicities, as well as any unsched-
uled hospitalization within the first three months of cancer treatment, 
were collected.

Data analysis

The events studied were:

•	 Which geriatric assessment parameters were associated with the 
dose reduction of chemotherapy (presence of frailty markers or 
geriatric factors)?

•	 Which geriatric assessment parameters were associated with tox-
icity (grade 3-4 and hospitalization) of chemotherapy in the first 
three months of treatment

•	 Was the dose reduction imputed from the outset associated with the 
geriatric oncologist’s treatment recommendations: standard treat-
ment or modified treatment (dose reduction)?

•	 Was the presence of more than 2 or 3 markers of frailty, and/or at 
least one geriatric factor, or at least 2 geriatric factors, or at least 3 
factors associated with an immediate dose reduction or grade 3-4 
toxicity within the first three months of treatment?

Statistical analysis

	 Data are expressed as n (%) or mean ± SD. Statistical analysis was 
performed with the SPSS software (V.23) using the Fisher’s exact test 
or the χ2 test or the Mann-Whitney U test, as appropriate. A value of 
p< 0.05 was considered significant.

Results
	 Thirty patients (mean age 79.9 ± 4.9 years), 63.3% of men were 
included (Table 1). Almost all patients (29/30, 93.3%) lived at home. 
The majority of patients were treated with multidrug therapy (60%). 
The 2 main protocols used were Capecitabin (26.7%) for monothera-
py and Folfox (20%) for multidrug therapy. The initial dose reduction 
of chemotherapy protocols involved 13 patients (46.4%). Among the 
reduced molecules, 55% of the 5FU boluses were reduced with an 
average percentage reduction of 54.1 and 57.1% of the oxaliplatin 
prescriptions were reduced to an average percentage of 56.3%. Two 
drugs were systematically reduced from prescriptions: irinotecan was 
reduced in 100% of prescriptions to an average percentage reduction 
of 31.7%; bevacizumab was reduced for 2 patients (33.3%) with a 
percentage reduction of 100%.

	 Out of the CGA parameters, 53.3% had more than 3 co-morbidi-
ties, 10.0% had abnormal ADL score and 56.7% had abnormal IADL 
score, 30% had more than 5 drugs (excluding cancer-related drugs), 
26.7% had depressive symptoms and 24.1% had cognitive disorders. 
Fourteen patients (46.7%) had at least 3 abnormal CGA parameters. 
The most frequent markers of frailty were impaired nutrition (60.0%), 
mobility (56.7%) and physical activity (37.9%). One in five patients 
had at least 3 markers of frailty.

	 Out of the 30 patients, 15 had grade 3-4 toxicity (50%), of whom 
8 had hematotoxicity (30.8%) and 11 had non-hematological toxicity 
(42.3%). After the appearance of toxicity, 8 treatments were stopped  

n (%)/Mean ± SD

Sex

Female 11 (36,7)

Male 19 (63,3)

Age (years) 79,9 ± 4,9

Weight (kg) 69,2 ± 13,2

Size (m) 1,63 ± 0,09

Living place 29 (96,7)

Oncological treatments
Adjuvant chemotherapy
Metastatic chemotherapy

14 (48,3)
12 (41,4)

Monochemotherapy:
Capecitabin

12 (40,0)
8 (26,7)

    LV5FU 4 (13,3)

Polychemotherapy: 18 (60,0)

Folfox 6 (20,0)

LV5FU + Bevacizumab 4 (13,3)

LV5FU + Aflibercept 2 (6,7)

Folfiri 2 (6,7)

Folfox +Bevacizumab 1 (3,3)

Folfiri + Bevacizumab 1 (3,3)

Other 2 (6,7)

Immediate dose reduction 13 (46,4)

Reduced drugs

Oxaliplatin 4 (57,1)

5FU bolus 11 (55,0)

5FU infusion 5 (25,0)

Capecitabin 2 (33,3)

Irinotecan 3 (100,0)

Bevacizumab 2 (33,3)

Percentage reduction

Oxaliplatin 56,3 ± 31,5

5FU bolus 54,1 ± 25,2

5FU infusion 34,0 ± 14,8

Capecitabin 25,0 ± 7,1

Irinotecan 31,7 ± 16,1

Bevacizumab 100,0 ± 0,0

Toxicity grade 3-4 15 (57,7)

Hematotoxicity 8 (30,8)

Other stoxicities 11 (42,3)

Dose delay 8 (34,8)

Number of cures with dose delay

1 4 (57,1)

2 3 (42,9)

Dosage adjustment after toxicity 8 (44,4)

Stop after toxicity 8 (44,4)

Hospitalizations 9 (30,0)

Death 4 (13,3)

CGA

Presence of social support 28 (93,3)

Abnormal ADL 3 (10,0)
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(44.4%), 8 dosage adjustments were made (44.4%), 8 patients had 
a postponement of treatment (44.4%), and 9 patients were hospi-
talized (30%). A patient died during this hospitalization. Regarding 
the recommendations resulting from the geriatric oncology evalua-
tion, 34.5% of the treatment strategies recommended standard treat-
ment and 65.5% treatment adaptation. Only 50%of the patients with 
CGA-suggested adjustment of cancer treatment were actually pre-
scribed a chemotherapy dose reduction. On the contrary, 44.4% of 
patients with CGA-recommended standard treatment were prescribed 
reduced-dose chemotherapy.

Dose reduction from the outset was not associated with any oncologi-
cal parameters, geriatric domains or frailty markers (Table 2). Factors 
significantly associated with early grade 3-4 toxicity (onset in the first 
three months of treatment) were delayed treatment (p<0.001), and un-
scheduled hospitalizations within 3 months of the start of the chemo-
therapy protocol (p = 0.003, Table 3). The only factor associated with 
early hematotoxicity was delayed treatment (p = 0.003, Table 3). Fac-
tors associated with non-hematological toxicities were dose adjust-
ments after onset of toxicity (p = 0.035), unscheduled hospitalizations 
at 3 months (p<0.001) and hearing impairment (p = 0.043, Table 3).

Discussion
	 To our knowledge, this is the first study to investigate the asso-
ciation between evaluation parameters and the reduction of chemo-
therapy doses, the development of early toxicity of anticancer drugs 
and the analysis of compliance with treatment recommendations in 
older patients with CRC who have had a geriatric oncology evalu-
ation. Very few studies have investigated the parameters associated 
with dose reduction of cancer therapy. In the Aparicio study [19], no 
geriatric parameters were associated with dose reduction. Only the 
presence of high alkaline phosphatases was associated with a reduc-
tion of at least 33% in intensity dose. Similarly, we did not find in the 
present study any significant association between geriatric markers or 
the number of frailty markers and dose reduction despite a high preva-
lence of these markers in our population (46% had at least 3 abnormal 
CGA parameters and 74% of patients had at least 1 frailty marker). 
However, in the study by Farcetet al., [11], the more frailty mark-
ers increased, the more treatment recommendations were directed 
towards modified treatment. However, in the aforementioned study, 
follow-up on the recommendations was not available. In the study by 
Kenis et al., [41], where 1967 older patients with cancer had CGA, 
oncologists were aware of the results of the geriatric assessment at the 
time of the treatment decision for only two-thirds of patients whereas 
the treatment decision was only influenced by 25%.Similarly to Ke-
nis ‘study, we founded that treatment decision was poorly influenced 
despite the results of the assessment were available in the medical 
file of the patient. As oncologic supportive care already include some 
of the most frequently recommended geriatric interventions (such as 
dietician, psychologist or physiotherapists), their implementations 
are mainly follow and suitable. However, for oncologic decisions, 
we could assume that there are oncologist’s reluctances to follow a 
non-cancer specialist suggestion. Moreover, studies that demonstrate 
the usefulness of the geriatric team recommendations in reducing 
chemotoxicity are still lacking. Based on the result of our study, we 
organized a presentation at the weekly oncologist team meeting. De-
cisions to improve the ‘influence’ of the geriatric team evaluation 
were to systematically make a phone call to each oncologist with an 
SMS summarizing treatment’s decisions (in addition to the all report  

Table 1: Characteristics of patients.

Abbreviations: kg: Kilograms; m: meters; LV5FU: 5-Fluorouracil + Calci-
um folinate; 5FU: 5-Fluorouracil; CGA: Comprehensive Geriatric Asses-
ment; ADL: Activities of daily Living; IADL: Instrumental Activities of 
daily Living; BMI: Body Mass Index

Abnormal IADL 17 (56,7)

Depression 8 (26,7)

Cognitive impairment 7 (24,1)

Visual deficit 4 (13,3)

Hearing deficit 10 (33,3)

Falls 5 (18,5)

BMI (kg/m2) 26,1 ± 4,1

Comorbidities 3,14 ± 1,89

Hypertension 14 (48,3)

Cardiovascular 12 (42,9)

Osteoarticular 12 (41,4)

Diabetes 10 (34,5)

Previous cancer 8 (27,6)

Neurological 3 (10,3)

Digestive 3 (10,3)

Respiratory 3 (10,3)

Depression 1 (3,4)

Dementia 0

Chronic renal failure 0

Number of no-cancer drugs 4,28 ± 2,57

Score CGA

0 3 (10,0)

≥2 20 (66,7)

≥3 14 (46,7)

Frailty markers

Impaired physical activity 11 (37,9)

Abnormal grip strength 9 (32,1)

Mobility 17(56,7)

Abnormal Time up and go 7 (33,3)

Abnormal Unipodal support 10 (40,0)

Abnormal energy 0

Impaired nutrition 18 (60,0)

Loss of appetite 11 (39,3)

Undernutrition 21 (84,0)

Number of kg lost 4,9 ± 4,5

Frailty markers

0 8 (26,7)

1-2 16 (53,3)

≥3 6 (20,0)

Treatment recommendations after 
Geriatric oncology evaluation:

Identical treatment 10 (34,5)

Modification 19 (65,5)

Dose reduction performed 13 (46,4)

No dose reduction 15 (53,6)
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n (%)/Mean ± SD p

Immediate dose reduction

No Yes

Sex Female 5 (55,6) 4 (44,4)

Male 10 (52,6) 9 (47,4) 1,000

Age (years) 78,5 ± 5,6 81,5 ± 4,0 0,380

Weight (kg) 71,3 ± 13,7 69,6 ± 11,1 0,733

Size (m) 1,64 ± 0,08 1,63 ± 0,10 0,702

Report No 7 (46,7) 8 (53,3)

Yes 5 (62,5) 3 (37,5) 0,667

Number of cures reported 1 2 (50,0) 2 (50,0)

2 2 (66,7) 1 (33,3) 1,000

Dosage adjustment after toxicity No 4 (44,4) 5 (55,6)

Yes 6 (75,0) 2 (25,0) 0,335

Stop after toxicity No 6 (60,0) 4 (40,0)

Yes 4 (57,1) 3 (42,9) 1,000

Hospitalization No 10 (52,6) 9 (47,4)

Yes 5 (55,6) 4 (44,4) 1,000

Death No 14 (58,3) 10 (41,7)

Yes 1 (25,0) 3 (75,0) 0,311

n (%)/Moyenne ± DS p

Immediate dose reduction

No Yes

CGA

Presence of social support No 1 (50,0) 1 (50,0)

Yes 14 (53,8) 12 (46,2) 1,000

Abnormal ADL No 14 (56,0) 11 (44,0)

Yes 1 (33,3) 2 (66,7) 0,583

Abnormal IADL No 7 (58,3) 5 (41,7)

Yes 8 (50,0) 8 (50,0) 0,718

Depression No 11 (55,0) 9 (45,0)

Yes 4 (50,0) 4 (50,0) 1,000

Cognitive impairment No 12 (60,0) 8 (40,0)

Yes 2 (28,6) 5 (71,4) 0,209

Visual deficit No 14 (56,0) 11 (44,0)

Yes 1 (33,3) 2 (66,7) 0,583

Hearingdeficit No 10 (52,6) 9 (47,4)

Yes 5 (55,6) 4 (44,4) 1,000

Falls No 12 (57,1) 9 (42,9)

Yes 1 (25,0) 3 (75,0) 0,322

BMI (kg/m2) 27,4 ± 4,8 25,7 ± 2,8 0,525

Comorbidities 3,57 ± 2,0 2,67 ± 1,72 0,231

Hypertension No 5 (35,7) 9 (64,3)

Yes 9 (69,2) 4 (30,8) 0,128

Cardiovascular No 9 (56,3) 7 (43,8)

Yes 5 (45,5) 6 (54,5) 0,704

Osteoarticular No 7 (46,7) 8 (53,3)

Yes 7 (58,3) 5 (41,7) 0,704

Diabetes No 7 (41,2) 10 (58,8)

Yes 7 (70,0) 3 (30,0) 0,237
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integrated in the dpi) and to systematically informed the oncologic 
support team nurse that an oncologic treatment recommendations was 
made (in addition to the recommended geriatric interventions). In the 
present study we did not find any significant association between the 
appearance of toxicity and frailty markers or geriatric parameters. In 
the literature, several studies have demonstrated the predictive val-
ue of frailty markers in the development of chemotoxicity. Only one 
study found that grip strength predicted early chemotoxicity [26], the 
MOST study also confirmed the interest of this marker for predicting  

one-year chemotoxicity [25]. The presence of frailty markers such as 
undernutrition or mobility would appear to predict treatment toxici-
ty and risk of death at one year [27,28]. Studies have also analyzed 
the relationships between CGA components and chemotoxicity. In 
several studies [19,30,36,42,43], disabilities, reduced mobility, cog-
nitive dysfunction, social difficulties, comorbidities and polypharma-
cy were also significantly associated with chemotoxicity and comor-
bidities were associated with unscheduled hospitalizations [44-46]. 
Although in our population, some parameters were common, such  

Table 2: Dose reduction predictive data.

Abbreviations: kg: Kilograms; m: meters; LV5FU: 5-Fluorouracil + Calcium folinate; 5FU: 5-Fluorouracil; CGA: Comprehensive Geriatric Assesment; 
ADL: Activities of daily Living; IADL: Instrumental Activities of daily Living; BMI: Body Mass Index

Previouscancer No 12 (60,0) 8 (40,0)

Yes 2 (28,6) 5 (71,4) 0,209

Neurological No 12 (50,0) 12 (50,0)

Yes 2 (66,7) 1 (33,3) 1,000

Digestive No 12 (50,0) 12 (50,0)

Yes 2 (66,7) 1 (33,3) 1,000

Respiratory No 12 (50,0) 12 (50,0)

Yes 2 (66,7) 1 (33,3) 1,000

Depression No 14 (53,8) 12 (46,2)

Yes 0 1 (100,0) 0,482

Number of no-cancer drugs 4,1 ± 2,6 4,5 ± 2,9 0,690

CGA

0 3 (100,0) 0

≥2 9 (50,0) 9 (50,0) 0,229

≥3 6 (46,2) 7 (53,8) 0,213

Frailty markers

Impaired physical activity No 11 (61,1) 7 (38,9)

Yes 3 (33,3) 6 (66,7) 0,237

Abnormal grip strength No 9 (50,0) 9 (50,0)

Yes 4 (50,0) 4 (50,0) 1,000

Mobility

Abnormal Time up and go No 10 (76,9) 3 (23,1)

Yes 2 (28,6) 5 (71,4) 0,062

Abnormal Unipodal support No 9 (64,3) 5 (35,7)

Yes 3 (33,3) 6 (66,7) 0,214

Impaired nutrition No 8 (66,7) 4 (33,3)

Yes 7 (43,8) 9 (56,3) 0,276

Loss of appetite No 11 (68,8) 5 (31,2)

Yes 3 (30,0) 7 (70,0) 0,105

Undernutrition No 3 (100,0) 0

Yes 9 (45,0) 11 (55,0) 0,217

Number of kg lost 4,14 ± 4,66 5,25 ± 4,57 0,432

Frailty markers

0 5 (62,5) 3 (37,5)

1-2 9 (60,0) 6 (40,0) 1,000

≥3 1 (20,0) 4 (80,0) 0,266

Treatment recommendations

after geriatric oncology evaluation

Identical treatment 5 (55,6) 4 (44,4)

Modification 9 (50,0) 9 (50,0) 1,000
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n (%)/Mean ± SD p p p

Hématotoxicity Othertoxicity Toxicity grade 3-4

No Yes No Yes No Yes

Sex Female 5 (62,5) 3 (37,5) 3 (37,5) 5 (62,5) 1 (12,5) 7 (87,5)

Male 13 (72,2) 5 (27,8) 0,667 12 (66,7) 6 (33,3) 0,218 10 (55,6) 8 (44,4) 0,084

Age (years) 80,7 ± 3,8 79,0 ± 2,0 0,131 79,5 ± 4,1 81,0 ± 2,0 0,167 80,0 ± 4,6 80,3 ± 2,3 0,794

Weight (kg) 70,2 ± 15,1 68,6 ± 9,9 0,792 72,4 ± 10,9 66,0 ± 16,3 0,244 75,2 ± 10,2 65,7 ± 14,6 0,079

Size (m) 1,64 ± 0,10 1,64 ± 0,08 0,982 1,65 ± 0,07 1,62 ± 0,12 0,445 1,67 ± 0,07 1,61 ± 0,10 0,176

Reduceddrugs

5FU bolus No 6 (66,7) 3 (33,3) 6 (66,7) 3 (33,3) 4 (44,4) 5 (55,6)

Yes 7 (77,8) 2 (22,2) 1,000 6 (66,7) 3 (33,3) 1,000 5 (55,6) 4 (44,4) 0,637

5FU infusion No 10 (71,4) 4 (28,6) 10 (71,4) 4 (28,6) 8 (57,1) 6 (42,9)

Yes 3 (75,0) 1 (25,0) 1,000 2 (50,0) 2 (50,0) 0,569 1 (25,0) 3 (75,0) 0,257

Oxaliplatin No 2 (66,7) 1 (33,3) 2 (66,7) 1 (33,3) 1 (33,3) 2 (66,7)

Yes 1 (50,0) 1 (50,0) 1,000 2 (100,0) 0 1,000 1 (50,0) 1 (50,0) 0,709

Capecitabin No 2 (66,7) 1 (33,3) 1 (33,3) 2 (66,7) 1 (33,3) 2 (66,7)

Yes 1 (50,0) 1 (50,0) 1,000 0 2 (100,0) 1,000 0 2 (100,0) 0,361

Irinotecan No

Yes 2 (66,7) 1 (33,3) 3 (100,0) 3 (100,0)

Bevacizumab No 4 (100,0) 4 (100,0) 0 4 (100,0) 0

Yes 2 (100,0) 1 (50,0) 1 (50,0) 0,333 1 (50,0) 1 (50,0) 0,121

Percentage reduction

5FU bolus 52,9 ± 23,6 37,5 ± 17,7 0,384 54,2 ± 24,6 40,0 ± 17,3 0,357 60,0 ± 22,4 36,3 ± 16,0 0,081

5FU infusion 31,7 ± 16,1 25,0 1,000 37,5 ± 17,7 22,5 ± 3,5 0,221 50,0 23,3 ± 2,9 0,157

Oxaliplatin 50,0 25,0 0,317 37,5 ± 17,7 50,0 25,0 0,317

Capecitabin 30,0 20,0 0,317 25,0 ± 7,1 25,0 ± 7,1

Irinotecan 22,5 ± 3,5 50,0 0,221 31,7 ± 16,1 31,7 ± 16,1

Bevacizumab 100,0 ± 0,0 100,0 100,0 1,000 100,0 100,0 1,000

Report No 13 (100,0) 0 11 (84,6) 2 (15,4) 11 (84,6) 2 (15,4)

Yes 3 (37,5) 5 (62,5) 0,003 3 (37,5) 5 (62,5) 0,056 0 8 (100,0) < 0,001*

Number of 
cures reported

1 2 (50,0) 2 (50,0) 2 (50,0) 2 (50,0) 4 (100,0)

2 0 3 (100,0) 0,429 1 (33,3) 2 (66,7) 1,000 3 (100,0)

Dosage 
adjustement

No 5 (55,6) 4 (44,4) 1 (11,1) 8 (88,9) 0 9 (100,0)

aftertoxicity Yes 3 (42,9) 4 (57,1) 1,000 5 (71,4) 2 (28,6) 0,035 2 (28,6) 5 (71,4) 0,175

Stop aftertox-
icity

No 4 (50,0) 4 (50,0) 5 (62,5) 3 (37,5) 2 (25,0) 6 (75,0)

Yes 4 (50,0) 4 (50,0) 1,000 1 (12,5) 7 (87,5) 0,119 0 8 (100,0) 0,467

Hospitaliza-
tion

No 13 (76,5) 4 (23,5) 14 (82,4) 3 (17,6) 11 (64,7) 6 (35,3)

Yes 5 (55,6) 4 (44,4) 0,382 1 (11,1) 8 (88,9) < 0,001 0 9 (100,0) 0,003*

Death No 17 (73,9) 6 (26,1) 14 (60,9) 9 (39,1) 10 (43,5) 13 (56,5)

Yes 1 (33,3) 2 (66,7) 0,215 1 (33,3) 2 (66,7) 0,556 1 (33,3) 2 (66,7) 1,000

n (%)/Mean ± SD p n (%)/Mean ± SD p n (%)/Mean ± SD p

Hematotoxicity Othertoxicity Toxicity grade 3-4

No Yes No Yes No Yes

CGA

Presence of 
social support

No 0 1 (100,0) 0 1 (100,0) 0 1 (100,0)

Yes 18 (72,0) 7 (28,0) 0,308 15 (60,0) 10 (40,0) 0,423 11 (44,0) 14 (56,0) 1,000
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as abnormal IADL score (56.7% of the population), co-morbidities 
(53.3%) or undernutrition (60%), none were significantly associated 
with dose reduction and early toxicity. In contrast, the patients of the 
present study were not very dependent according to the ADL score 
(10% of patients), and had few cognitive problems (present in only 
24.7% of patients) and were therefore not predictive of a dose reduc-
tion and toxicity at 3 months. We rather may think that a combination 
of predictors, including markers of frailty, some domains of CGAs 
and cancer characteristics, would be more clinically informative to 
understand the complexity of older patients with cancer, as suggested 
by several studies [42,43,47]. In the MOST study, 2 simple scores 
combining patient characteristics with tumor and biological indices 
were shown to be powerful in predicting severe chemotoxicity and 
death in older patients with CRC [25].

	 The indication for adjuvant chemotherapy should be balanced 
against the life expectancy of the patient whose survival is expected 
to improve at 5 years. In stage III CRC, adjuvant chemotherapy is 
recommended. Post-operative chemotherapy with FOLFOX4 or XE-
LOX is the standard treatment. In case of contraindications to oxal-
iplatin, chemotherapy with LV5FU or capecitabin is available [48]. 
In cases of metastatic CRC, for older patients in general good condi-
tion, the protocols combining 5-FU and oxaliplatin or irinotecan are 
the same as for young subjects (FOLFOX/FOLFIRI), in combination  

with targeted therapies such as anti-EGFR (Epidermal Growth Factor 
Receptor) (depending on KRas status) or anti-VEGF antibodies. For 
frail patients, capecitabin oral chemotherapy or LV5FU2 chemother-
apy is available [49]. In some studies, it has been reported that older 
patients with cancer tend to receive less aggressive treatment [50,51]. 
Although the number of patients receiving adjuvant chemotherapy 
decreases with age, several studies show an interest in adjuvant che-
motherapy in the older [52]. Under treatment strongly reduces surviv-
al of patients with certain cancers [53,54]. We found that dose reduc-
tions were applied for 44.4% of patients for whom standard treatment 
had been recommended. We also observed that a dose reduction had 
been applied for only 50% of treatments with a recommendation to 
adapt chemotherapy. However, in general, it is reported that more 
than 50% of older patients with advanced cancer have severe toxicity 
during the first three months of chemotherapy [55]. In our present 
work, we note the systematic reduction of certain molecules: irinotec-
an was systematically reduced in chemotherapy protocols, on average 
by 30%. In the multivariate analysis of Aparicio [19], significant pre-
dictive factors for grade 3-4 toxicity and dose reduction of more than 
33% were found in the Irinotecanarm compared to the 5FU arm. In 
two other studies, the treatment regimen of irinotecan monotherapy 
and the combination of FOLFIRI were considered to be active regi-
mens with increased but manageable first-line toxicity in patients over 
70 years of age [56,57].

Table 3: Toxicitypredictive data.

Abbreviations: kg: Kilograms; m: meters; LV5FU: 5-Fluorouracil + Calcium folinate; 5FU: 5-Fluorouracil; CGA: Comprehensive Geriatric Assesment; 
ADL: Activities of daily Living; IADL: Instrumental Activities of daily Living; BMI: Body Mass Index.

*: statistically significant

Abnormal 
ADL 

No 16 (69,6) 7 (30,4) 14 (60,9) 9 (39,1) 11 (47,8) 12 (52,2)

Yes 2 (66,7) 1 (33,3) 1,000 1 (33,3) 2 (66,7) 0,556 0 3 (100,0) 0,239

Abnormal 
IADL

No 6 (60,0) 4 (40,0) 5 (50,0) 5 (50,0) 4 (40,0) 6 (60,0)

Yes 12 (75,0) 4 (25,0) 0,665 10 (62,5) 6 (37,5) 0,689 7 (43,8) 9 (56,3) 1,000

Depression No 12 (66,7) 6 (33,3) 12 (66,7) 6 (33,3) 9 (50,0) 9 (50,0)

Yes 6 (75,0) 2 (25,0) 1,000 3 (37,5) 5 (62,5) 0,218 2 (25,0) 6 (75,0) 0,395

Cognitive 
impairment

No 13 (68,4) 6 (31,6) 11 (57,9) 8 (42,1) 9 (47,4) 10 (52,6)

Yes 4 (66,7) 2 (33,3) 1,000 3 (50,0) 3 (50,0) 1,000 1 (16,7) 5 (83,3) 0,345

Visual deficit No 17 (70,8) 7 (29,2) 14 (58,3) 10 (41,7) 10 (41,7) 14 (58,3)

Yes 1 (50,0) 1 (50,0) 0,529 1 (50,0) 1 (50,0) 1,000 1 (50,0) 1 (50,0) 1,000

Hearing 
deficit

No 10 (62,5) 6 (37,5) 12 (75,0) 4 (25,0) 8 (50,0) 8 (50,0)

Yes 8 (80,0) 2 (20,0) 0,420 3 (30,0) 7 (70,0) 0,043 3 (30,0) 7 (70,0) 0,428

Falls No 12 (60,0) 8 (40,0) 12 (60,0) 8 (40,0) 8 (40,0) 12 (60,0)

Yes 3 (100,0) 0 0,526 1 (33,3) 2 (66,7) 0,560 1 (33,3) 2 (66,7) 0,825

BMI (kg/m2) 26,8 ± 5,0 25,3 ± 1,7 0,462 27,0 ± 4,6 25,3 ± 3,8 0,488 27,8 ± 5,1 25,2 ± 3,4 0,239

Comorbidities 3,35 ± 2,21 3,29 ± 1,38 0,941 3,20 ± 2,14 3,56 ± 1,74 0,678 2,91 ± 2,34 3,69 ±1,60 0,343

Hypertension No 10 (76,9) 3 (23,1) 6 (46,2) 7 (53,8) 5 (38,5) 8 (61,5)

Yes 7 (58,3) 5 (41,7) 0,411 9 (75,0) 3 (25,0) 0,226 6 (50,0) 6 (50,0) 0,695

Cardiovas-
cular

No 11 (78,6) 3 (21,4) 9 (64,3) 5 (35,7) 8 (57,1) 6 (42,9)

Yes 5 (50,0) 5 (50,0) 0,204 6 (60,0) 4 (40,0) 1,000 3 (30,0) 7 (70,0) 0,240

Osteoarticular No 10 (71,4) 4 (28,6) 9 (64,3) 5 (35,7) 8 (57,1) 6 (42,9)

Yes 7 (63,6) 4 (36,4) 1,000 6 (54,5) 5 (45,5) 0,697 3 (27,3) 8 (72,7) 0,227
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	 Our study has several limitations. First, it is a monocentric study, 
but it is long enough to have a broader view of the practices of differ-
ent oncologists over the years. However, the geriatric oncology evalu-
ation was performed by the same team of practitioners, so it would be 
interesting to carry out this work within another team of practitioners. 
Second, our study had a small number of staff: this is due to the se-
lection on the basis of having been referred for a CGA and not on the 
overall population. Indeed, the final population of 30 patients is the 
result of a first step, the referral of patients to a CGA or not during the 
1stmultidisciplinary team meeting MDT which decides on the need 
according to age and health problems present in some patients. How-
ever, the high prevalence of frailty markers and geriatric parameters 
shows that oncologists probably refer patients they consider most vul-
nerable to chemotherapy. This may explain why oncologists immedi-
ately prescribe a dose reduction without taking into account geriatric 
advice.

	 The important strengths of this study are the use of validated 
self-assessment and performance tests, the use of a truly geriatric 
population (mean age: 79.9 years) with a single targeted cancer type 
allowing in-depth analysis of chemotherapy protocols.

Conclusion
	 Our study shows that the dose changes of chemotherapy prescribed 
for CRC treatment are not related to the parameters and conclusions of 
the geriatric oncology evaluation. Some parameters such as postpone-
ment of treatment and the presence of unscheduled hospitalization are 
associated with early toxicity of treatment. Geriatric oncology should 
be considered as a sharing of knowledge between specialties, not as 
a new independent specialty. However, our study clearly shows that 
this geriatric oncology evaluation, although requested by oncologists, 
does not explain the decisions made for the prescription of chemo-
therapy. No decision tree defining the modalities of chemotherapy 
administration for CRC in older patients in terms of dose/intensity 
modification is currently available.
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