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FRANCESC FORMIGA,f RAMON SALAZAR,a JOSEP MARIA BORR�AS
g
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ABSTRACT

Background. The challenge when selecting elderly patients
with colorectal cancer (CRC) for adjuvant therapy is to estimate
the likelihood that death from other causes will preclude cancer
events from occurring. The aim of this paper is to evaluate
whether comprehensive geriatric assessment (CGA) can predict
survival and cancer-specific mortality in elderly CRC patients
candidates for adjuvant therapy.
Material and Methods. One hundred ninety-five consecutive
patients aged�75 with high-risk stage II and stage III CRC were
prospectively included from May 2008 to May 2015. All
patients underwent CGA, which evaluated comorbidity, poly-
pharmacy, functional status, geriatric syndromes, mood, cogni-
tion, and social support. According to CGA results, patients
were classified into three groups—fit, medium-fit, and unfit—
to receive standard therapy, adjusted treatment, and best sup-
portive care, respectively. We recorded survival and cause of

death and used the Fine-Gray regression model to analyze com-
peting causes of death.
Results. Following CGA, 85 (43%) participants were classified as
fit, 57 (29%) as medium-fit, and 53 (28%) as unfit. The univari-
ate 5-year survival rates were 74%, 52%, and 27%. Sixty-one
(31%) patients died due to cancer progression (53%), non-
cancer-related cause (46%), and unknown reasons (1%); there
were no toxicity-related deaths. Fit and medium-fit participants
were more likely to die due to cancer progression, whereas
patients classified as unfit were at significantly greater risk of
non-cancer-related death.
Conclusion. CGA showed efficacy in predicting survival and dis-
criminating between causes of death in elderly patients with
high-risk stage II and stage III resected CRC, with potential impli-
cations for shaping the decision-making process for adjuvant
therapies.The Oncologist 2017;22:934–943

Implications for Practice: Adjuvant therapy in elderly patients with colorectal cancer is controversial due to the high risk for
competing events among these patients. In order to effectively select older patients for adjuvant therapy, we have to weigh the risk
of cancer-related mortality and the potential survival benefits with treatment against the patient’s life expectancy, irrespective of
cancer. This prospective study focused on the prognostic value of geriatric assessment for survival using a competing-risk analysis
approach, providing an important contribution on the treatment decision-making process and helping clinicians to identify elderly
patients whomight benefit from adjuvant chemotherapy among those whowill not.

INTRODUCTION

The rapid aging of the Western population and the higher inci-
dence of cancer associated with old age are leading to an
increase in the number of elderly patients who will require
appropriate oncological treatment in the coming years [1].

Colorectal cancer (CRC) is the most common cancer
affecting both sexes in Europe, and risk increases with
each decade of life [2]. It is estimated that in the
next decade more than 75% of the cases and 85% of
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deaths from CRC will occur in patients 65 years or
older [3].

Survival for people with CRC continues to improve world-
wide, probably because of better screening procedures as well
as advances in surgery and adjuvant therapy [4, 5]. For patients
with node-positive CRC (stage III) and also sometimes for node-
negative patients (stage II) at high risk for systemic recurrence,
the standard treatment is curative intent surgery followed by
adjuvant chemotherapy [6]. There is no doubt that curative sur-
gery should be offered to all elderly patients whenever the sur-
gical risk is assumable. However, adjuvant treatment in this
population is controversial because rigorous evidence on
efficacy is scarce, and these therapies can be associated with
considerable toxicity [7, 8]. As a result, nearly half of elderly
patients do not receive postoperative treatment, even though
experts generally agree that this population can attain the
same benefits as younger adults with no excess toxicity [9, 10].

Aging is a process associated with a gradual loss of physio-
logic reserves along with a transformation that can be described
in three phases, from a state of functional independence (fit) to
one of vulnerability (medium-fit), which finally imposes severe
limitations on people, with no possibility of recovering func-
tional reserves and limited life expectancy (unfit). However,
aging is also characterized by great physiological heterogene-
ity, and chronological age can differ significantly from biologi-
cal or functional age. Traditional tools used by oncologists
to assess functional status, such as the Eastern Cooperative
Group performance status (ECOG-PS), are not accurate in
older patients [11], and accumulating evidence supports the
need for geriatric assessment in elderly cancer patients
receiving onco-specific treatment [12–14]. Comprehensive
geriatric assessment (CGA) is a multidimensional tool that sys-
tematically evaluates all aspects of the patient’s life that can
have an impact on the tolerance and response to treatment.
CGA has proven useful in creating a stratification system for
patients according to their frailty profile and in predicting
toxicity and mortality [15–17].

The critical challenge when deciding whether adjuvant
treatment is appropriate in elderly patients is to estimate the
likelihood that death from other causes will preclude cancer
events (progression and death). Cancer patients of advanced
age are not only at risk for cancer relapse or cancer-related
death; they also are at high risk of dying from non-cancer-
related causes. This so-called competing risk scenario may give
rise to a competing event that prevents a cancer-specific event
from happening [18]. In order to assess survival gain in this
population, it is necessary to consider both the probability of
relapse and the risk of death from a competing cause.

The primary aim of this prospective study is to evaluate
the efficacy of CGA in predicting survival and discriminating
between causes of death in elderly patients with high-risk stage
II and stage III CRC who underwent curative resection in order
to support the decision-making process related to adjuvant
therapy.

MATERIALS AND METHODS

Study Design and Patient Population
This is a prospective cohort study carried out at the Institut
Catal�a d’Oncologia-Hospital Duran i Reynals, a comprehensive

cancer center with a catchment area of one million inhabitants
and a reference center for six hospitals in the cancer care net-
work of south Barcelona. Patients who underwent colectomy
in the other general hospitals are referred to our center to
determine the need for complementary adjuvant therapy. In
2008, an oncogeriatric unit was created, and CGA was incorpo-
rated as a part of the routine clinical assessment of incident
CRC patients aged 75 and older. Our study population com-
prised all patients referred to our center from May 2008 to
May 2015 with high-risk stage II disease (poorly differentiated
histology [G3], lymphovascular invasion, bowel obstruction or
perforation at presentation, clinical stage of T4, fewer than 12
resected lymph nodes, and microsatellite-stable disease) and
stage III disease, after curative resection (R0 surgery with lymph
node dissection) [19]. A team including a geriatrician and oncol-
ogist trained in geriatric oncology assessed all patients within 8
weeks postsurgery, treating them as appropriate. We excluded
patients who did not undergo radical resection (R1–2 surgery),
those with cancer metastases at diagnosis, and those that did
not continue follow-up for at least 6 months or until death.
After approval by the Ethics Committee, all data were recorded
by the principal investigators of the study at the oncogeriatrics
unit and anonymously analyzed. A flow chart of the enrollment
process is presented in supplemental online Figure 1.

Geriatric Assessment
All patients underwent a CGA that incorporated validated
instruments to assess health and functional status based on
their predictive validity in terms of mortality and morbidity in
eight domains: functional status, nutritional status, cognitive

Figure 1. Kaplan-Meier curves of five-year overall survival in total
sample (n 5 195) of patients with colorectal cancer by oncogeriat-
ric categories: fit (n 5 85), medium-fit (n 5 57) and unfit (n 5 53).
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status, psychological status, comorbidities, medication review,
social support, and geriatric syndromes.

Functional status was measured using the Barthel Activities
of Daily Living (ADL) [20] scale and the Lawton Index of Instru-
mental Activities of Daily Living (IADL) [21]. The Barthel Index
includes ten items assessing basic self-care abilities (transfer,
bathing, toileting, dressing, feeding), with scores ranging from 0
to 100. Lawton’s eight-item instrument assesses independence
in more complex activities of daily life that require interaction
with the external environment: shopping, cooking, using the
telephone, handling finances, housekeeping, laundry, self-
managing medication, and using transportation. The summary
score ranges from 0 (low function, dependent) to 8 (high func-
tion, independent). To assess nutritional status, patients were
asked about unintentional weight loss over 5% in the previous
3 months or over 10% in the previous 6 months. Cognitive sta-
tus was determined using the Short Portable Mental Status
Questionnaire (Pfeiffer’s test), which assigns a score from 0 to
10 mistakes [22]. Mood was assessed using the four-item Mini-
Geriatric Depression Scale [23]. Comorbidity was assessed by a
modified Charlson Index [24], which includes neither cancer
nor age. Because of the limitations of the Charlson index in the
elderly, we also recorded the number of comorbid conditions,
considered as >3 degrees in Cumulative Illness Rating Scale-
Geriatric (CIRS-G) [25]. Data on current medication were col-
lected according to self-report and by reviewing the patient’s
medical charts; polypharmacy was defined as taking five or
more oral medications each day. The social environment was
considered good if the patient had a primary caregiver, support
at home, or a strong circle of friends and family capable of
meeting the patient’s needs. A geriatric syndrome was deter-
mined by self-reported number of falls in the last 6 months,

cognitive impairment, delirium, and urinary and/or fecal incon-
tinence. If cognitive impairment was detected by Pfeiffer’s test,
the patient’s assessment was completed with a neurocognitive
consultation; in case of confirmed cognitive impairment, we
considered this a geriatric syndrome, not as a comorbid condi-
tion, in order to avoid overlap between comorbidity and geriat-
ric syndrome domains. Incontinence was considered a geriatric
syndrome if it wasn’t stress incontinence and it was not related
to tumor location or surgery. Scores and the cut-off values of
CGA variables are presented in Table 1.

We then classified patients into three groups using a modifi-
cation of the criteria proposed by Balducci and Extermann [26].
“Fit” patients were independent in all ADL and IADL and had no
clinically significant comorbid conditions or geriatric syndromes;
“medium-fit” had fewer than three clinically significant comor-
bid conditions, fewer than four IADL, no ADL disabilities, and no
geriatric syndromes; and “unfit” patients had any of the follow-
ing characteristics: more than four IADL or ADL disabilities, mul-
tiple comorbidities, or geriatric syndromes. Fit subjects received
standard therapy, medium-fit patients received dose-reduced
adjusted treatment, and unfit patients received best supportive
care (Table 2). When domains other than functional status,
comorbidity, or geriatric syndromes were affected, and specific
interventions were deemed appropriate, patients were referred
to the social worker, dietician, pharmacist, psycho-oncologist, or
geriatrician to try to improve problems detected. The principal
investigators followed up all patients in our unit, even unfit
patients referred to the palliative unit care.

Outcome Variables
All patients were followed up for at least 6 months or until
death. Primary outcome measures were overall survival (OS)

Table 1. Domains, scores and cut-off values of geriatric assessment

Domains Assessment tool
Cut-off for adverse
outcomes

Functional status

ADL Barthel Index <90/100

IADL Lawton-Brody Scale <5/8

Comorbidity

Number of relevant comorbidities (CIRS-G degree >3) �3
Charlson Index �3

Polypharmacy Number of systemic medication/day �5
Psychological state Mini-GDS �1/4
Cognitive function Pfeiffer’s test >2/10

Geriatric syndromes Presence of:

� Fall in the past 6 months
� Delirium
� Urinary/fecal incontinence
� Cognitive impairment

�1

Nutritional status Unintentional weight loss:
�10%/previous 6 months
or
�5%/previous 3 months

Yes

Social support Primary caregiver, support at home,
or a strong circle of friends and family
capable of meeting the patient’s needs

Not

Abbreviations: ADL, activities of daily living; CIRS-G, cumulative illness rating scale-geriatric; IADL, instrumental activities of daily living; mini-GDS,
MiniGeriatric Depression Scale; SPMSQ, Short Portable Mental Status Questionnaire.
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and disease-free survival (DFS), estimated from time of geriatric
assessment.

Toxicity was graded before each cycle according to the
National Cancer Institute Common Toxicity Criteria for Adverse
Events (version 4.0/NCI-CTC 4.0).We collected data on drug dis-
continuation for any cause.

We retrieved causes of death for all patients who died in the
study period. For patients who had died in a hospital, we obtained
detailed mortality data from institutional medical records. For
deaths occurring at home, the primary care doctor is responsible
in our country for certifying the cause of death. In all cases, we
compared the clinical information with that appearing in the offi-
cial mortality registry, which includes data on the primary and two
underlying causes of death.We classified causes of death as CRC-
specific mortality, toxicity, and non-cancer-related cause.

Statistical Analyses
OS and DFS probabilities were estimated using Kaplan-Meier
curves; survival functions by oncogeriatric category were com-
pared using the Log Rank test.

The Cox proportional hazards regression model was applied
to estimate independent effects associated with different
explanatory variables by stepwise selection using p< .10 in uni-
variate analysis.We calculated the incidence rate of dying from
any cause, cancer-related causes, and non-cancer-related causes
according to oncogeriatric category.

Traditional approaches like Kaplan-Meier survival analysis
and Cox proportional hazards regression can overestimate the
risk of disease by failing to consider competing risks of death
[18]. To adjust for this competing risk scenario, we used the
Fine-Gray regression method [27], which considers the effect of
predictors on the subhazard function and on the cumulative
incidence function (CIF) to account for competing events, with

cancer mortality treated as a competing event for non-cancer
mortality. When calculating the time to cancer relapse follow-
ing chemotherapy, the CIF estimates the probability of cancer-
free survival, adjusting for the associated risk of dying from
other causes. Raw and adjusted subdistribution hazard ratios
(SHRs) and their corresponding CIF were determined using
models that included oncogeriatric categories as an independ-
ent factor, adjusted for age, sex, stage (II vs. III), pathology
(colon vs. rectum), and performance status (PS) score (0–1 vs.
>1). Interpretation of parameters from the Fine-Gray model is
not straightforward, as the subdistribution hazard has no
resemblance to an epidemiological rate if individuals die from
other causes in the risk set. Although SHR sounds like a hazard
ratio, it is not the same, mainly because individuals who die
from another cause remain in the risk set even though they are
no longer at risk of experiencing the cause of interest. Thus, it is
advisable to focus on the statistical significance and the direc-
tion of the parameter but not on the magnitude of effect [28].

All analyses were conducted using R software (version
3.2.2) [29].

RESULTS

Patient Characteristics
The study population consisted of 195 elderly patients with high-
risk stage II (n 5 55) and stage III (n 5 140) resected CRC with an
indication for adjuvant chemotherapy. The mean age of the
patient sample was 80 years (range 75–89), and 46% were over
80. Most of our patients (77%) had a relatively good perform-
ance status (ECOG-PS <2) at study entry. The median follow-up
was 28.7 months (range 0.40–84.37) or 35.5 months if we take
into account only patients alive at the moment of the analyses

Table 2. Geriatric criteria to classify elderly colorectal cancer patients and administer therapy accordingly

Oncogeriatric category Criteria Treatment

Fit Totally independent
(ADLs and IADLs)
No relevant comorbidity
No geriatric syndromes

Full-dose treatment:

Colon

� Capecitabine 2,500 mg/m2/day (days 1–14, every 21 days) 3 8 cycles
� Capecitabine 2,000 mg/m2/day (days 1–14, every 21 days)

plus oxaliplatin 130 mg/m2/day (day 1).

Rectum

� Chemoradiotherapy:
� Capecitabine 1,650 mg/m2/day 3 5 days
� Chemotherapy:
� Capecitabine 2,500 mg/m2/day (days 1–14, every 21 days) 3 6 cycles

Medium fit Dependent in <3 IADLs
Independent in ADLs
�2 relevant comorbidities
No geriatric syndromes

Consideration of dose reduction chemotherapy:

Colon

� Capecitabine 2,000 mg/m2/day (days 1–14, every 21 days) 3 8 cycles

Rectum

� Chemoradiotherapy:
� Capecitabine 1,650 mg/m2/day 3 5 days
� Chemotherapy:
� Capecitabine 2,500 mg/m2/day (days 1–14, every 21 days) 3 6 cycles

Unfit Dependent in >1 ADLs
and/or
>2 relevant comorbidities
and/or
�1 geriatric syndrome

Best supportive care

Abbreviations: ADL, activities of daily living; IADL, instrumental activities of daily living.

Antonio, Salda~na, Carmona-Bayonas et al. 937

www.TheOncologist.com Oc AlphaMed Press 2017



Table 3. Patient, clinical, and geriatric assessment characteristics at inclusion by onocogeriatric groups

Characteristics

Entire sample,
n 5 195
n (%)

Fit
n 5 85
n (%)

Medium-fit
n 5 57
n (%)

Unfit
n 5 53
n (%)

Age, years

Median 80 78 79 81

Range 75–89 75–85 75–88 75–89

80 years or older 89 (46) 35 (42) 25 (46) 29 (54)

Male sex 122 (63) 53 (62) 42 (74) 27 (51)

Female sex 73 (37) 32 (38) 15 (26) 26 (49)

Cancer site

Colon 143 (73) 56 (66) 46 (81) 41(77)

Rectum 52 (27) 29 (34) 11 (19) 12 (23)

Stage

II 55 (28) 22 (26) 16 (28) 17 (32)

III 140 (72) 63 (74) 41 (72) 36 (68)

Performance status, (ECOG)

�2 44 (23) 1 (1) 7 (12) 36 (68)

<2 151 (77) 84 (99) 50 (88) 17 (32)

Year of diagnosis

2008–2009 30 (15.4) 5 (5.9) 9 (16.1) 16 (29.6)

2010–2011 77 (39.5) 34 (40) 22 (39.3) 21 (38.9)

2012–2013 58 (29.7) 31 (36.5) 16 (28.6) 11 (20.4)

2014–2015 30 (15.4) 15 (17.6) 9 (16.1) 6 (11.1)

Geriatric assessment

Entire sample,
n 5 195
n (%)

Fit
n 5 85
n (%)

Medium-fit
n 5 57
n (%)

Unfit
n 5 53
n (%)

Physical functioning

ADL (Barthel)

<90 31 (16) 0 (0) 1 (2) 30 (57)

�90 164 (84) 85(100) 56 (98) 23 (43)

IADL (Lawton)

<5 59 (30) 3(3) 10 (17) 46 (87)

�5 136 (70) 82 (97) 47 (83) 7 (13)

Cognitive (Pfeiffer)

�2 50 (26) 5 (6) 12 (21) 33 (62)

<2 145 (74) 80 (94) 45 (79) 20 (38)

Mood (Yesavage)

<1 71 (36) 46 (54) 17 (30) 8 (15)

�1 124 (64) 39 (46) 40 (70) 45 (85)

Number of comorbidities

�3 118 (61) 67 (79) 28 (50) 23 (43)

>3 76 (39) 18 (21) 28 (50) 30 (57)

Charlson

<2 139 (71) 73 (86) 36 (63) 30 (57)

�2 56 (29) 12 (14) 21 (37) 23 (43)

Polypharmacy

>5 70 (36) 20 (23) 16 (29) 34 (62)

�5 125 (64) 65 (77) 40 (71) 20 (38)

(continued)
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Geriatric Assessment
Most of the patients were able to independently perform most
ADL: the Barthel-ADL index was �90 in 84% of participants,
while the Lawton-IADL index was �5 in 70% of the patients.
Sixty-one percent had two or fewer relevant comorbidities, and
84% had no geriatric syndromes. Detailed results of baseline
clinical and tumor characteristics, and geriatric assessment are
displayed in Table 3.

On the basis of CGA, 85 (43%) patients were classified as
fit, 57 (29%) as medium-fit, and 53 (28%) as unfit. This result
was then applied to provide guidance on the best adjuvant
treatment for each individual patient.

A total of 142 (73%) fit and medium-fit patients were ini-
tially considered eligible to receive adjuvant treatment. How-
ever, the indication for chemotherapy was rejected due to
surgical complications in ten patients and due to a specific con-
traindication for chemotherapy in seven. Of the remaining 125
patients, 17 refused treatment.

Association Between CGA and Compliance
Of the 108 patients who received adjuvant therapy, 76 (70%) fit
patients were administered standard adjuvant therapy, and 32
(30%) medium-fit patients were treated with a tailored-dose
adjuvant strategy; those not undergoing any postoperative

Table 3. (continued)

Geriatric assessment

Entire sample,
n 5 195
n (%)

Fit
n 5 85
n (%)

Medium-fit
n 5 57
n (%)

Unfit
n 5 53
n (%)

Geriatric syndromes

0 164 (84) 85 (100) 57 (100) 22 (42)

�1 31 (16) 0 (0) 0 (0) 31 (58)

Social support

No 19 (10) 6 (7) 7 (12) 6 (11)

Yes 176 (90) 80 (93) 51 (88) 47 (89)

Weight loss last 6 months

>10% 42 (22) 10 (12) 10 (18) 22 (42)

<10% 153 (78) 75 (88) 47 (82) 31 (58)

Abbreviations: ADL, activities of daily living; ECOG, Eastern Cooperative Group performance status score; IADL, instrumental activities of daily living.

Table 4. Univariate and multivariate analysis of covariates associated with the overall survival in the whole cohort

Univariate analysis Multivariate analysis

Characteristics HR (95% CI) p value HR (95% CI) p value

Age 1.131 (1.05–1.21) .001 1.07 (0.97–1.14) .066

Sex

Male 1

Female 1.01 (0.60–1.70) .97

Cancer site

Colon 1

Rectum 0.74 (0.42–1.28) .28

Stage

II 1

III 1.38 (0.81–2.34) .23

Performance status, (ECOG)

<2 1 1

�2 3.76 (2.26–6.24) <.001 1.71 (0.85–3.41) .13

Comorbidity (Charlson)

< 2 1

� 2 1.30 (0.42–1.39) .38

Oncogeriatric classification

Fit 1 1

Medium-fit 1.58 (0.76–3.29) <.22 1. 45 (0.69–3.02) .33

Unfit 4.91 (2.61–9.25) <.001 3.01 (1.32–6.78) .009

Bolded values indicates statistical significance.
Abbreviations: CI, confidence interval; ECOG-PS, Eastern Cooperative Group performance status score; HR, hazard ratio.
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chemotherapy were followed up. Unfit patients received best
supportive care. Fifty-seven (53%) patients receiving chemo-
therapy were able to complete the scheduled cycles. The
remaining 51 patients discontinued treatment before comple-
tion because of toxicity (61%), cancer recurrence (6%), aggrava-
tion of comorbidities (29%), or patient decision (4%). Eighteen
of the 76 (24%) fit patients experienced grade 3 toxicity, com-
pared with 5/32 (16%) of the patients classified as medium-fit
(p> .05).

Association Between CGA and Mortality
At the time of analysis, 52 (27%) patients had experienced
tumor recurrence. The fit and medium-fit groups had not
reached the median DFS by study end, while in the unfit
group, it was 1,003 days. The DFS rates (95% confidence inter-
val [CI]; number still at risk) at 3 years following surgery were
77% (0.67–0.87; n 5 28), 66% (0.51–0.79; n 5 22), and 47%
(0.28–0.61; n 5 10) in the fit, medium-fit, and unfit groups,
respectively.

Less than half of the fit and medium-fit patients had died
by study end, while median OS in the unfit patients was 27.6
months. The respective 1-, 3- and 5-year survival rates were
97%, 85%, and 74% in fit, 90%, 73%, and 52% in medium-fit,
and 71%, 48%, and 27% in unfit participants (log rank,
p< .001; Fig. 1).

In univariable Cox regression analysis, age, ECOG-PS, and
geriatric classification were prognostic factors for OS. In the
multivariable model, geriatric classification was the only inde-
pendent factor for OS after adjusting for age, tumor site, clinical
stage, ECOG-PS, and comorbidity (Table 4).

At the end of the follow-up, 61 (31%) patients had died (14
fit, 16 medium-fit, and 31 unfit) due to cancer progression
(53%), non-cancer-related cause (46%), and unknown reasons
(1%); there were no toxicity-related deaths.

Overall, 53% of patients died of cancer. Figure 2 shows the
CIF by cause of death: the proportion of patients alive, patients
who died due to cancer, and patients who died from causes
other than cancer. Thus, the overall patient population (Fig. 2A)
was more likely to die of a cancer-related cause than a non-
cancer-related cause. However, stratification showed that fit
(Fig. 2B) and medium-fit (Fig. 2C) patients had an almost null
probability of dying from a non-cancer cause, whereas in unfit
patients (Fig. 2D), the risk of dying from other causes exceeded
that of dying from cancer.

At 3 and 5 respective years following surgery, 23% and 42%
fit, 30% and 52% medium-fit, and 8% and 15% unfit patients
died from cancer-related causes (Fig. 3A). On the contrary,
respective 3- and 5-year mortality due to non-cancer-related
causes was <2% and <3% in fit and medium-fit patients but
20% and 28% in unfit patients (Fig. 3B).

Figure 2. Cumulative incidence function of cause of death for all patients and by oncogeriatric category.
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In the Fine-Gray adjusted model (Fig. 3), unfit patients were
at significantly lower risk of dying from a cancer-related cause
(SHR 0.30, 95% CI 0.09–0.96; Fig. 3A) and at significantly
greater risk of dying from a non-cancer-related cause (SHR
22.29, 95% CI 5.24–94.78; Fig. 3B) compared with fit patients.

DISCUSSION

Our study reports the results of CGA, carried out within the
framework of clinical practice, in a cohort of 195 consecutive
elderly patients with high-risk stage II and stage III CRC, follow-
ing resection with a curative intent. This study shows the utility
of CGA in helping clinicians decide whether or not to administer
adjuvant chemotherapy in a well-defined group of elderly
patients with localized CRC for whom therapeutic decision-
making is especially challenging.

Because postoperative chemotherapy reduces the risk of
tumor recurrence and improves survival for patients with
resected CRC, adjuvant chemotherapy is recommended for
patients with stage III disease and sometimes in node-negative
(stage II) when a high risk for systemic recurrence exists. The
evidence for elderly patients’ tolerance of chemotherapy sug-
gests that age alone should not determine candidacy for adju-
vant therapy [30, 31]. Individuals who reach old age without
loss of functional capacity or severe medical conditions should
be able to benefit from the most appropriate treatment
according to their biological age. A major issue confronting
oncologists is how to effectively recognize fit older patients and
how to predict whether a competing cause of death might

preclude cancer events from occurring. Oncologists have to
decide whom to treat after considering the risk of cancer-
related mortality and the potential survival benefits with treat-
ment but also the patient’s life expectancy irrespective of
cancer.

To date, several studies have described the prognostic
impact of geriatric assessment in cancer patients, but most of
them were performed in heterogeneous groups of patients
with different tumor types and disease stages [32–34]. To our
knowledge, this is the first prospective study focused on the
prognostic value of CGA for survival in elderly CRC patients
who are candidates to receive adjuvant therapy.

In our study, CGA category was independently associated
with survival once adjusted for variables commonly used by
oncologists to decide treatment (age, tumor site, TNM stage,
PS, and comorbidity).

The present study reported a 5-year OS in the fit group
(74%) that was comparable to those in other population-based
studies [35], demonstrating that CGA is useful in identifying
patients who might benefit from adjuvant chemotherapy. In
patients with CRC treated with adjuvant therapy, there is a
close correlation between 3-year DFS and 5-year OS [36]. In our
study, we observed this relationship in the fit group (77% and
74%) but, interestingly, not in the unfit group (47% and 27%),
probably because cancer relapse was not the main cause of
death.

Several competing risk models for predicting breast cancer
[37], prostate cancer [38], renal cell carcinoma [39], and thyroid

Figure 3. Adjusted subdistribution function of cancer-related mortality (A) and non-cancer-related mortality (B) by oncogeriatric category.
Abbreviations: CI, confidence interval.
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cancer [40] have been published. Recently, a novel competing
risk approach to better stratify patients according to their
causes of death has been validated in an elderly population
with an appreciable risk of competing events (prostate, head
and neck, and breast cancer) [41]; however, it hasn’t included
variables like nutritional or functional status, which are crucial
when classifying elderly patients according to their frailty pro-
file. Our competing risk approach showed how CGA helped to
stratify elderly CRC patients according to their risk for cancer
versus non-cancer-related death. Stratifying by oncogeriatric
categories, fit and medium-fit patients had an almost null prob-
ability of dying due to a non-cancer cause, whereas unfit
patients were twice as likely to die from non-cancer-related
causes compared with cancer-related causes. Life expectancy in
unfit patients was explained by their global health status and
not just by the oncological disease. Therefore, we can conclude
that among unfit patients, the appropriate therapeutic decision
based on competing survival analysis was not administering
adjuvant treatment.

Major strengths of our study include its prospective design,
a standardized CGA, and the fact that the same team both per-
formed CGA and treated patients. CGA parameters were pro-
spectively obtained prior to initiation of chemotherapy,
reflecting the patient’s baseline health rather than toxicities of
therapy. Furthermore, CGA was performed on all recently
resected CRC patients who were referred to our center to be
considered for adjuvant therapy, without previous selection.
Finally, the use of competing risk methodology allows us to
assess this crucial factor in analyzing the impact on survival and
therefore to best inform the clinical decision-making process.

At the same time, the study also has some limitations that
should be taken into account. It was carried out at a single insti-
tution and included a limited number of patients. It is remark-
able that most of the patients were fully independent
according to evaluations of ADL and IADL, with a probable
selection bias, as only patients in apparently good condition
were referred to our reference center to be treated. Follow-up
is not complete in all patients for analysis of recurrence rates
and longer-term survival. Furthermore, data collected did not
include socioeconomic status, which can influence the availabil-
ity of medical and support resources.

Stemming from the need for a common tool and methodol-
ogy, this research adds to a consistent body of evidence showing
that CGA improves the way clinicians evaluate and classify
elderly cancer patients in order to lead to a more personalized
therapy plan. Traditionally, tools used by oncologists to assess
functional status have not been considered useful in elderly
patients. Provision of competent cancer care to this growing
CRC population would require that oncology professionals

become familiar with age-associated changes in organ physiol-
ogy and their impact on survival and toxicity. Integrating a stand-
ardized geriatric assessment tool is the first step for oncologists
seeking to better tailor their treatments. In fact, the International
Society for Geriatric Oncology [31] and National Comprehensive
Cancer Network guidelines [42] recommend that a geriatric
assessment be performed in all cancer patients older than 70.

CONCLUSION
In conclusion, our prospective study adds to the growing body
of literature supporting the relevant role of CGA for clinical
decision-making in older adults with cancer. We have shown
that CGA is a useful tool in clinically assessing older adults with
high-risk stage II–III CRC, for whom making a therapeutic deci-
sion is especially challenging. We would like to highlight that
using a competing risk approach is critical to analyzing adjuvant
treatment for elderly individuals because it helps to minimize
the bias that would be introduced by a traditional survival anal-
ysis and therefore best informs clinical decision-making.
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