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Abstract

Background: Comprehensive geriatric assessment (CGA) is a multidimensional 
method to detect frailty in elderly patients. Time saving could be accomplished 
by identifying those individual items that classify elderly cancer patients at risk 
for feasibility of chemotherapy and for mortality.

Material and methods: Patients older than 70 years of age were assessed be-
fore the first chemotherapy administration. Geriatric assessment (GA) consisted 
of the Mini Nutritional Assessment (MNA), Informant Questionnaire on Cogni-
tive Decline in the Elderly (IQCODE), Groningen Frailty Indicator (GFI) and Mini 
Mental State Examination (MMSE). Predictive individual items for feasibility of 
chemotherapy and mortality were entered in the multivariable logistic regres-
sion and Cox-regression models, and a three-item sum scale was constructed: the 
Geriatric Prognostic Index (GPI). 

Results: The 494 patients had a median age of 75 years (range 70-92 years). The 
majority of the patients had malignancies of the digestive tract (41.7%) followed 
by haematological tumors (22.3%). Three items of the MNA (‘psychological dis-
tress or acute disease in the past three months’, ‘neuropsychological problems’ 
and ‘using > 3 prescript drugs’) independently predicted for feasibility of chemo-
therapy. Two items of the MNA and one of the GFI (‘declining food intake in past 3 
months’, ‘using >3 prescript drugs’, and ‘dependence in shopping’) independently 
predicted for mortality. In comparison with patients without any positive item 
on the three-item GPI, patients with one, two or three positive items had hazard 
ratios (HRs) of 1.58, 2.32, and 5.58, respectively (all p < 0.001). 

Conclusions: With only three items of the MNA, feasibility of chemotherapy can 
be predicted. The three-item GPI may help to identify elderly cancer patients at 
elevated risk for mortality.

Background

The majority of persons with cancer is older than 65 years of age, and 70% of 
cancer mortality occurs in this age cohort [1]. As a result of demographic chang-
es, the demand for care and treatment of older people with cancer will strongly 
increase in the coming decades.

Comprehensive geriatric assessment (CGA) is a multidimensional method 
to provide objective information on comorbidity, functional status, social sup-
port, polypharmacy, nutritional- and psychosocial status [2]. As geriatric prob-
lems increase sharply after 70 years of age in cancer patients, the guidelines of 
the International Society of Geriatric Oncology (SIOG) recommend that all pa-
tients with cancer and an age above 70 years should undergo some form of GA 
[3]. However, to conduct a full CGA is time consuming and associated with high 
costs. Therefore, a two-step approach could be a pragmatic alternative by using 
a brief screening tool. Well known examples of screening tools are formed by ab-
breviated CGA (aCGA) [4], Vulnerable Elders Survey (VES-13) [5], the Geriatric 
8 (G8) [6], Groningen Frailty Indicator (GFI) [7], Flemish version of the Triage 
Risk Screening Tool (fTRST) [8] and others [9]. Nevertheless, further time sav-
ing might be accomplished by identifying the essential items of such screening 
tools. For example, this has been shown to be applicable for the Mini Nutritional 
Assessment (MNA) [10]. The study of osteoporotic fractures (SOF) index was de-
veloped from frequently cited physiologic domains in the frailty literature [11, 
12] and appeared accurate in comparison with CGA for the detection of frailty in
cancer patients [13]. The geriatric vulnerability score (GVS) appeared applicable
for elderly patients with advanced ovarian cancer treated with carboplatin [14].

The present cohort of elderly cancer patients, collected in the region of the 
Comprehensive Cancer Center West in the Netherlands, offered the opportunity 
to analyze and determine which elements of the chosen geriatric screening pro-
gram were independently predictive for feasibility of chemotherapy and mortal-
ity.

Material and methods

Patients older than 70 years of age with various types of cancer (N = 520) were 
prospectively assessed before chemotherapy administration with either curative 
or palliative intent. The decision for treatment with chemotherapy had already 
been made by the treating (hemato)-oncologist on clinical grounds. The patients 
had been considered to be fit enough to receive chemotherapy. The collection 
of data was accomplished between May 2004 and February 2010 in three gen-
eral and one university hospital: the hospital of the Reinier de Graaf Groep in 
Delft, Groene Hart hospital in Gouda, Haga hospital in The Hague, and the Leiden 
University Medical Center in Leiden. After February 2010 no more funding was 
available for data management, thus prohibiting further inclusion of patients in 
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this prospective registration cohort. We excluded 25 patients because they did 
not start with chemotherapy and one patient because of age.

GA consisted of the MNA, Informant Questionnaire on Cognitive Decline in 
the Elderly (IQCODE), GFI and Mini Mental State Examination (MMSE). These 
tests were selected for performing a GA with a minimum of overlap between the 
domains, and a maximum duration of 45 minutes to complete the interview. The 
tests have been described in detail previously [15]. The appendices provide de-
tails on these tests. Patients scoring 4 or more points on the GFI were considered 
to have a moderate to severe frailty. The IQCODE screens for cognitive decline 
over the last 10 years by interviewing family members or caregivers. We used 
the short 16 items Dutch translation IQCODE-N [16]. The MMSE has been tested 
extensively and is considered to be a standard test for current cognitive function.

Feasibility of chemotherapy was defined by the inability to complete the 
intended number of cycles of chemotherapy: at least four cycles. This number 
was arbitrarily chosen as a surrogate endpoint, realizing that four cycles cannot 
be considered as the standard number of cycles. It was considered likely, that if 
at least four cycles could be administered, then patients could be treated with the 
intended total dose of chemotherapy. The small group of patients with aggressive 
non-Hodgkin lymphoma stage I who were treated with the intended number of 
three cycles of chemo(-immuno)therapy and involved field radiotherapy, were 
grouped under the heading of four or more cycles of chemotherapy.

The duration of the follow-up was defined as the difference between the 
date of the first GA and 1st January 2013 or the date of death. Vital status and last 
follow-up date were recorded from the patient’s medical record. If indicated by 
the test results, a dietician or a geriatrician was consulted. 

Statistical analysis 

To identify the most relevant individual items of the MNA, GFI, IQ-CODE and 
MMSE, every single item was dichotomized. Details are given in addendum 1. 

Categorical variables are presented as numbers with percentages and con-
tinuous variables as medians with their range. Logistic regression analysis and 
Cox regression analysis on (items of) the MNA, GFI, IQCODE and MMSE for the 
prediction of feasibility of chemotherapy and mortality obtained odds ratios 
(ORs) and hazard ratios (HRs), respectively. To avoid type I errors in multiple 
testing, a p-value < 0.01 was considered statistically significant. All multivariable 
models were adjusted for sex, age, purpose of treatment, and type of malignancy. 

Those questionnaires of the MNA, GFI, IQCODE and MMSE that independently 
predicted for feasibility of chemotherapy or mortality (p < 0.01) were used in 
further analyses with the dichotomized composite items. When individual items 
were predictive for feasibility of chemotherapy and mortality (p<0.01), these 
were included in multivariable logistic regression and Cox-regression models. 
Forward stepwise procedures were used in both the logistic and Cox regression 
models, with an entry criterion of p<0.01 and the removal criterion of p>0.10. As 
sensitivity analysis, the variable selection procedures were rerun using backward 
stepwise selection. Subsequently, the independent predictive items for mortality 
were summed, and this sum score was analyzed using the multivariable adjusted 
Cox regression model. In stratified analyses, the predictors for mortality were 
tested separately in the palliative treated and adjuvant/curative treated groups. 
The models were internally validated by calculating c-statistics, which are meas-
ures for the discriminative performance of the models, using bootstrapping to 
take into account that the models were developed and validated on the same 
data [17]. For logistic regression the c-statistic is equal to the area under the 
curve of a ROC curve. Statistical tests and analyses were performed using SPSS 
21 for Windows® (SPSS inc. Chicago, IL. USA) and R 3.1.0 [18] using package rms 
(Regression Modeling Strategies) [19]. 

Results

A total of 494 patients with various types of cancer were evaluated. Table 1 
shows the baseline characteristics of the patients.

The scores of the GA are shown in table 2. Roughly one-third of the patients 
showed shortcomings with the MNA and the GFI, and some 10% of the patients 
had cognitive problems. In total 353 patients were treated with four or more 
cycles of chemotherapy, of whom 61% were treated with full dose and 39% with 
an adapted dose. A total of 141 patients (29%) could not complete at least four 
cycles of chemotherapy. In this group, 69% of the patients were treated with full 
dose, and 31% received an adapted dose (a decision of the treating oncologist). 
The reasons for early treatment withdrawal were complications of chemothera-
py (50%), deteriorating general condition (11%), ineffectiveness of chemother-
apy (10%), worsening comorbidity (2%) and others (27%). Addendum 2 gives 
information on applied chemotherapy regimens. Of course, this shows a large 
variety in this cohort of patients. 

The median follow-up was 17 months (range 1-101) for all patients, and 61 
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months (range 44-101) for the 99 survivors. The most common cause of death 
was cancer progression (84.0%). Other causes were treatment related (3.1%), 
cardiovascular mortality (2.3%), or unknown causes (10.6%). 
	 The effect of the MNA, GFI, IQCODE and MMSE on feasibility of chemotherapy  
and mortality are given in table 3. Patients with adverse scores on 
the MNA and GFI had a higher odds to stop chemotherapy before the 
4th cycle with ORs of 2.21 (95% confidence interval [CI]: 1.48-3.31;  
p < 0.001) and 1.71 (95% CI: 1.13-2.58; p = 0.01), respectively. After adjusting for 
gender, age, purpose of treatment and type of malignancy only the MNA was sig-
nificantly related to feasibility with a p value < 0.01: OR 2.30 (95% CI: 1.48-3.58; 
p < 0.001). The MNA remained a significant predictor after additional adjustment 
for GFI (OR 2.12 (95% CI: 1.33-3.39; p = 0.002). With respect to mortality, an 
adverse score for MNA and GFI was associated with increased HRs for mortality 
of 1.68 (95% CI: 1.37-2.06; p < 0.001) and 1.47 (95% CI: 1.19-1.82; p < 0.001), 
respectively. After adjustment for gender, age, purpose of treatment and type of 
malignancy, these HRs remained significant (1.86; 95% CI: 1.48-2.34; p < 0.001; 
and 1.77; 95% CI: 1.41-2.22; p < 0.001, respectively). 
	 Table 4 shows the univariable significant individual items (with p < 0.01) 
of MNA for feasibility of chemotherapy and of the GFI and MNA for mortality. In 
the stepwise selection procedure, three items of the MNA independently predict-
ed feasibility [‘psychological distress’ (MNA-D), ‘neuropsychological problems’ 
(MNA-E) and ‘using > 3 prescript drugs’ (MNA-H)], with ORs of 2.10 (95% CI: 
1.31-3.38; p = 0.002), 3.44 (95% CI: 1.50-7.90; p = 0.004) and 1.96 (95% CI: 1.27-
3.03; p = 0.002), respectively. Two items of the MNA [‘declining food intake in 
past 3 months’ (MNA-A) and ‘using > 3 prescript drugs’ (MNA-H)] and one item 
of the GFI [‘dependence in shopping’ (GFI-Q1)] independently predicted for mor-
tality, with HRs of 1.82 (95% CI: 1.47-2.24; p < 0.001), 1.38 (95% CI: 1.12-1.71; 
p = 0.003) and 1.77 (95% CI: 1.31-2.40; p < 0.001), respectively. In sensitivity 
analyses a backward stepwise selection procedure resulted in the same three 
items. Table 5 shows the c-statistic of the different models. For mortality the out-
come increased from 0.66 to 0.70 when adding MNA(A), MNA(H) and GFI(Q1) to 
the model. This indicates that these three dichotomous variables gave additional 
predictive value to the model. Similarly, the items MNA(D), MNA(E), and MNA(H) 
added predictive value to the outcome variable feasibility, increasing the c-statis-
tic from 0.61 to 0.69. 
	 A sum score, the Geriatric Prognostic Index (GPI), was constructed using 
the three items with increased HRs for mortality. With one positive item the 
HR was 1.58 (95% CI: 1.24-2.02; p < 0.001), with two positive items 2.32 (95% 

CI: 1.76-3.06; p < 0.001), and with all three items 5.58 (95% CI: 3.48-8.61; p < 
0.001), in comparison with no positive item. The median survival with the GPI 
was 2.26 years with score 0, 1.34 years with score 1, 0.95 years with score 2 and 
0.56 years with score 3 (figure 1). 
	 The effect of the three predictive items for mortality was studied separately 
in the palliative (N = 288) and adjuvant/curative (N = 206) treated patients. The 
three items (MNA-A, MNA-H and GFI-Q1) remained significant in the palliative 
treated group with HRs of 2.02 (95% CI: 1.54-2.65; p < 0.001), 1.54 (95% CI: 
1.19-2.00; p = 0.001) and 1.89 (95% CI: 1.30-2.74; p = 0.001), respectively. In the 
adjuvant/curative treated group the GFI-Q1 remained associated with mortality 
(HR 2.22 [95% CI: 1.28-3.83; p = 0.004]), but the effect of MNA-A and MNA-H was 
smaller (HR 1.31 [95% CI: 0.90-1.93; p = 0.17] and 1.30 [95% CI: 0.89-1.92; p = 
0.18], respectively). 

Discussion

In this study among 494 elderly cancer patients the result of the MNA test was 
predictive for the risk of premature discontinuation of chemotherapy. Further-
more, a three-item Geriatric Prognostic Index (GPI) was constructed, that pre-
dicted for mortality. It has to be stressed that these 494 patients were considered 
to be fit for treatment with chemotherapy before the GA was performed.
	 CGA is an evidence-based method to evaluate deficits and frailty in elderly 
cancer patients [3]. This diagnostic tool provides information for the process 
leading up to the treatment plan and may recognize previously unaddressed 
problems, creating opportunities to improve functional status and resources of 
old cancer patients [3]. It may even contribute to prolonged survival and may 
help to weigh the benefits against the risks of chemotherapy and identify pa-
tients that may be too frail to profit from this demanding form of treatment [3].
	 Already, the literature of geriatric oncology highlighted scoring systems for 
the toxicity of chemotherapy [20, 21]. Hurria et al. identified three risk strata 
for grade 3-5 toxicity, with 11 risk factors [21], while the CRASH score of Ex-
termann et al. identified four risk factors for hematologic and nonhematologic 
toxicity each, discerning four risk categories for grade 4 hematologic toxicity and 
grade 3-4 nonhematologic toxicity [20]. Hoppe et al. identified depression and 
dependence for instrumental activity of daily living (IADL) as risk factors for ear-
ly functional decline during chemotherapy [22]. The GVS showed increased tox-
icity with three or more risk factors of albumin, lymphocyte count, and scores of 
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Activity of Daily Living (ADL), IADL and Hospital Anxiety and Depression Scale, 
for patients with advanced ovarian cancer and treatment with carboplatin [14]. 
The present study concentrated on the inability to complete at least four cycles of 
chemotherapy and showed that in the case of (risk of) malnutrition by MNA the 
chance not to complete chemotherapy increased more than two-fold. The large 
variety of chemotherapy regimens, shown in addendum 2, precluded analyses 
of specific schedules. However, for all schedules given adequate dose intensity 
is essential, whether it is given for palliative or curative reasons. The reasons for 
early treatment withdrawal in our study form common reasons in general oncol-
ogy practice to decide on stopping chemotherapy. And of course it is legitimate 
to ask the question, whether one should have started chemotherapy at all, when 
this only results in toxicity and early treatment withdrawal [2, 3, 23, 24].

Others concentrated in their research on risk factors for mortality [24, 25]. 
Kanesvaran et al. developed a Clinical Scoring System (CSS) in an Asian popula-
tion, consisting of the factors age, albumin, ECOG performance status, depres-
sion, stage of disease and nutritional index. A nomogram predicted overall sur-
vival rate [25]. Soubeyran et al. identified male gender, advanced stage, poor 
MNA and decreased mobility as risk factors for early death [24]. The GVS showed 
significantly worse survival with the same risk factors as shown for toxicity [14]. 
As previously shown in a smaller cohort [15], the present study identified poor 
MNA and poor GFI as risk factors for mortality. In general, CGA contains com-
ponents that predict for mortality [23]. These data show the importance of the 
nutritional status and frailty score as part of pre-treatment assessment to select 
patients who might benefit from interventions.

Screening tests have been developed to help for the identification of 
frailty and select the patients who might benefit from extensive CGA [9]. How-
ever, screening tools still contain 5 - 15 items [4, 8], which may lead to a barrier 
against broad usage in clinical care. Many health workers aim for a balance be-
tween optimal health-care and a minimal burden to patients and caregivers [5, 
6]. To improve pretreatment assessment it is not always necessary to complete a 
full version of a (self-reported) questionnaire. The aCGA used seven of 16 ADL/
IADL items for detection of shortcomings [4]. The three-item SOF index showed 
a sensitivity and specificity of 89.0 and 81.1, respectively, for the detection of dis-
abilities in comparison with CGA [13]. The GVS score was developed for elderly 
patients with advanced ovarian cancer and treatment with carboplatin [14].

Regarding feasibility of chemotherapy, this study shows that three items of 
the MNA were predictive in multivariable analysis: “psychological stress or acute 
disease in the past three months”, “neuro psychological problems” and “using 

more than three prescript drugs”. These items seem comparable with items used 
by Hurria et al: “decreased social activity because of physical/emotional health, 
limited at least sometimes” and “taking medications with some help/unable” 
[21]. Depression was one of the risk factors for early functional decline, as shown 
by Hoppe et al [22], and was also a risk factor of the GVS [14]. The MNA-score as a 
whole was one of the risk factors for nonhematologic toxicity, identified with the 
CRASH score [20].

The present study introduces the GPI as instrument for the prediction of 
mortality. Two items of the MNA (MNA-A and MNA-H) and one item of GFI (GFI-
Q1) proved to be highly predictive for mortality. In comparison with no positive 
items the patients with all three items positive showed a HR for mortality of 5.58 
(95% CI 3.48-8.61; p < 0.001). This holds especially for the palliative treated pa-
tients. The GPI cannot be compared with the SOF index [13], which has not been 
correlated with mortality, nor with the CSS [25] (developed in an Asian popula-
tion), nor with the GVS [14] (tumor- and treatment specific score). The GPI con-
centrates on decreased food intake, polypharmacy and dependence in shopping. 
Poor score of MNA was identified as risk factor of early death by Soubeyran et al, 
but this study was not analyzed which factor(s) of the MNA contributed mostly 
[24]. Dependence in shopping was also identified by others as important risk fac-
tor for detection of disabilities [4]. 

The GPI could support the use of chemotherapy in patients with score 0-1, 
whereas a more thorough CGA would be warranted for those patients scoring 
2 (median survival in this cohort almost one year) and the use of chemother-
apy should be questioned in patients with score 3 (median survival of only six 
months). A potential form of bias exists for MNA-H, due to the fact that all pa-
tients with a normal screening score on the MNA were given score 1 (see appen-
dix). Therefore the GPI should be validated in an independent study population 
of elderly cancer patients.

Some limitations have to be mentioned. First, a variety of cancer types were 
included. However, we adjusted for cancer type in our multivariable models. An-
other source of heterogeneity may have been the fact that different chemothera-
py regimens were given of which not all were given in the full doses. Second, the 
selected patients underwent a GA after they were considered to be fit to undergo 
chemotherapy by their oncologist, thereby introducing selection bias. Neverthe-
less, considerable shortcomings appeared to be present at baseline regarding GFI 
and MNA. Third, we tested the individual items of the MNA, GFI, IQCODE and MMSE 
resulting in a three-item GPI. Type I errors occurs in multiple testing and therefore 
we selected only individual items that were predictive in crude models with a p 
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value < 0.01 and in forward stepwise regression models with an entry criterion of  
p < 0.01. Fourth, models were developed and validated on the same dataset. The 
GPI therefore needs to be validated in future studies of elderly cancer patients. 
A strength of the study is that we did analyze separately the adjuvant/curatively 
and the palliatively treated patients for the effect of the GPI on mortality.
	 In conclusion, our results show that a poor MNA score was predictive for 
not completing four cycles of chemotherapy and poor MNA- and GFI scores were 
predictive for mortality of elderly patients with various types of cancer. ‘Psycho-
logical stress’, ‘neuropsychological problems’ and ‘number of drugs taken’ were 
predictive items of MNA for feasibility of chemotherapy. ‘Declining food intake’, 
‘number of drugs taken’ and ‘dependence in shopping’ were the three predictive 
items for a higher risk of mortality, resulting in the GPI. Hazard ratios for mortal-
ity increased linearly with sum scores increasing from 0 to 3 points. The GPI can 
help to identify the elderly patient at increased risk for mortality, who before-
hand is considered to be fit enough to receive treatment with chemotherapy.

Table	
  1.	
  Baseline	
  characteristics	
  of	
  494	
  elderly	
  cancer	
  patients.	
  
	
   Median	
  

(range)	
  
N	
  (%)	
  

Age	
   75	
  (70-­‐92)	
   	
  
70-­‐74	
  years	
   	
   237	
  (48.0)	
  
75-­‐79	
  years	
   	
   170	
  (34.4)	
  
≥	
  80	
  years	
   	
   87	
  (17.6)	
  

Male	
  gender	
   	
   246	
  (49.9)	
  
Type	
  of	
  malignancy:	
   	
   	
  

Upper	
  digestive	
  tract	
   	
   64	
  (13.0)	
  
Lower	
  digestive	
  tract	
   	
   142	
  (28.7)	
  
Haematological	
   	
   110	
  (22.3)	
  
Breast	
   	
   61	
  (12.3)	
  
Gynaecological	
   	
   38	
  (7.7)	
  
Prostate	
   	
   29	
  (5.9)	
  
Lung	
   	
   21	
  (4.3)	
  
Urinary	
  tract	
   	
   11	
  (2.2)	
  
Other	
   	
   18	
  (3.6)	
  

Purpose	
  of	
  treatment:	
   	
   	
  
Adjuvant/	
  curative	
   	
   206	
  (41.7)	
  
Palliative	
   	
   288	
  (58.3)	
  

	
  
	
  
	
  

Table	
  2.	
  Results	
  of	
  the	
  geriatric	
  assessments	
  of	
  494	
  elderly	
  cancer	
  patients.	
  
Test	
   Score	
   N	
  (%)	
  
MNA*	
  	
  
	
  
	
  

well	
  nourished	
  	
  
(risk	
  of)	
  malnutrition	
  *	
  
unknown	
  

316	
  (64.5)	
  
174	
  (35.5)	
  
4	
  	
  

GFI	
   <	
  4	
  pts	
  
≥	
  4	
  pts	
  
unknown	
  

344	
  (69.8)	
  
149	
  (30.2)	
  
1	
  	
  

IQCODE	
   ≤	
  3.30	
  pts	
  
>	
  3.30	
  pts	
  
unknown	
  

418	
  (87.1)	
  
62	
  (12.9)	
  
14	
  

MMSE	
   >	
  24	
  pts	
  
≤	
  24	
  pts	
  
unknown	
  

445	
  (91.0)	
  
44	
  (9.0)	
  
5	
  

*(Risk	
  of)	
  malnutrition	
  defined	
  as	
  a	
  score	
  of	
  ≤	
  11	
  on	
  the	
  MNA	
  screening	
  section	
  or	
  less	
  than	
  
24	
  pts	
  on	
  the	
  assessment	
  section	
  (see	
  appendix).	
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Table	
  5.	
  	
  
	
  
C-­‐statistic	
  coefficients	
  of	
  the	
  different	
  additional	
  models	
  for	
  feasibility	
  of	
  chemotherapy	
  and	
  
mortality.	
  
	
  
Model	
   Feasibility	
   Mortality	
  
	
  	
  	
  Gender,	
  age,	
  purpose	
  of	
  treatment,	
  and	
  type	
  of	
  malignancy	
   0.61	
   0.66	
  
	
  	
  	
  MNA	
  +	
  GFI,	
  dichotomized	
   0.65	
   0.69	
  
	
  	
  	
  MNA-­‐D	
  +	
  MNA-­‐E	
  +	
  MNA-­‐H	
   0.69	
   -­‐-­‐	
  
	
  	
  	
  MNA-­‐A	
  +	
  MNA-­‐H	
  +	
  GFI-­‐Q1	
   -­‐-­‐	
   0.70	
  
	
  	
  	
  GPI	
  score	
   -­‐-­‐	
   0.70	
  
	
  
MNA-­‐A:	
  Declining	
  food	
  intake	
  in	
  past	
  3	
  months;	
  MNA-­‐D:	
  Psychological	
  stress	
  or	
  acute	
  disease	
  in	
  past	
  
3	
  months;	
  
MNA-­‐E:	
  Dementia	
  or	
  depression;	
  MNA-­‐H:	
  Using	
  >	
  3	
  prescript	
  drugs;	
  GFI-­‐Q1:	
  Dependence	
  in	
  
shopping.	
  

Figure 1 

	
  
	
  
Kaplan–Meier	
  curves	
  of	
  overall	
  survival	
  in	
  494	
  elderly	
  patients	
  with	
  various	
  types	
  of	
  cancer	
  according	
  
to:	
  [A]	
  MNA	
  item	
  A,	
  [B]	
  MNA	
  item	
  H,	
  [C]	
  GFI	
  question	
  1	
  and	
  [D]	
  sum	
  score	
  of	
  these	
  three	
  items.	
  	
  
P-­‐values	
  by	
  log-­‐rank	
  tests.	
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A	
  	
  	
  	
  MNA	
  item	
  A B	
  	
  	
  	
  MNA	
  item	
  H

D	
  	
  	
  	
  Sum	
  scoreC	
  	
  	
  GFI	
  question	
  1

c 2	
  (1)	
  =	
  23.4
P	
  <	
  0.001

c 2	
  (1)	
  =	
  20.2
P	
  <	
  0.001

c 2	
  (1)	
  =	
  23.8
P	
  <	
  0.001

c 2	
  (3)	
  =	
  65.1
P	
  <	
  0.001

Dependent	
  shopping	
  (n=59)

Independent	
  shopping	
  
(n=434)

	
  Declining	
  food	
  intake	
  in	
  past	
  3	
  months	
  	
  (n=217)

No	
  declining	
  food	
  intake	
  in	
  past	
  
3	
  months	
  	
  (n=273)

Using	
  >	
  3	
  prescription	
  drugs	
  (n=181)

Using	
  ≤	
  3	
  prescription	
  
drugs	
  (n=309)

Score	
  0	
  (n=188)

Score	
  1	
  (n=175)

Score	
  2	
  (n=104)

Score	
  3	
  (n=24)

Has	
  food	
  intake	
  declined	
  over	
  the	
  past	
  three	
  months?	
  
(due	
  to	
  loss	
  of	
  appetite,	
  digestive	
  problems,	
  chewing	
  or	
  swallowing	
  difficulties)

MNA(A) Any	
  decrease	
  =	
  1

MNA(H) Does	
  the	
  patient	
  take	
  more	
  than	
  3	
  prescription	
  drugs	
  per	
  day? Yes	
  =	
  1

Is	
  the	
  patient	
  able	
  to	
  carry	
  out	
  shopping	
  without	
  any	
  help?
(use	
  of	
  help	
  resources	
  such	
  as	
  walking	
  stick,	
  walking	
  frame,	
  wheelchair,	
  is	
  considered	
  independent)

No	
  =	
  1GFI(Q1)

Adjusted	
  hazard	
  ratios:
Score	
  0 ref.
Score	
  1 1.58	
  (1.24-­‐2.02)	
  	
  	
  	
  P	
  <	
  0.001
Score	
  2 2.32	
  (1.76-­‐3.06)	
  	
  	
  	
  P	
  <	
  0.001
Score	
  3 5.58	
  (3.48-­‐8.61)	
  	
  	
  	
  P	
  <	
  0.001
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Addendum 2 
Chemotherapy of malignancies  

Type of malignancy Chemotherapy N (%) 

Upper digestive tract (N=64) Platina combination therapy 47 (73.5) 

Gemcitabine 13 (20.3) 

Capecitabine 2 (3.1) 

Platina mono therapy 2 (3.1) 

Lower digestive tract (N=142) 5-fluoropyrimidine combination therapy 82 (57.8) 

5-fluoropyrimidine mono therapy 54 (38.0) 

Irinotecan mono therapy 4 (2.8) 

Platina combination therapy 2 (1.4) 
Haematological (N=110) Combination chemotherapy (mostly rituximab, 

cyclophosphamide, hydroxydaunomycin, oncovin, 
prednisone (R-CHOP)) 82 (74.5) 
Multiple myeloma directed therapies (vincristin-
adriamycin-dexamethasone (VAD), bortezomib and 
combinations, melphalan and combinations) 18 (16.4) 
Mono therapy (chloorambucil, fludarabine, methotrexate, 
decitabine, rituximab) 10 (9.1) 

Breast (N=61) Capecitabine mono therapy 16 (26.1) 

Anthracycline mono therapy 9 (14.8) 

Anthracycline combination therapy 9 (14.8) 

Paclitaxel 6 (9.8) 

Docetaxel 3 (4.9) 

Taxane combination therapy 4 (6.6) 

CMF (Cyclophosphamide, Methotrexate, 5-Fluorouracil) 4 (6.6) 
Vinorelbine 4 (6.6) 

Anthracyclines + Taxane 4 (6.6) 

Herceptin 1 (1.6) 

Gemcitabine 1 (1.6) 

Gynaecological (N=38) Platina combination therapy 25 (65.8) 

Platina mono therapy 12 (31.6) 

Melphalan 1 (2.6) 

Prostate (N=29) Docetaxel 28 (96.6) 

Mitoxantrone 1 (3.4) 

Lung (N=21) Platina combination therapy 17 (81) 

CDE (cyclophosphamide, doxorubicin, etoposide) 4 (19) 

Urinary tract (N=11) Platina combination therapy 8 (72.7) 

M-VAC (methotrexate, vinblastin, adriamycin, cisplatin) 2 (18.2) 

Platina mono therapy 1 (9.1) 

Addendum 1. 

Dichotomized items of the screening tests. 

With MNA the individual items were dichotomized as follows; 
− item A: score 0/1 vs score 2  
− item B:  score 0/1 vs score 2/3 
− item C:  score 0/1 vs score 2
− item E: score 0/1 vs score 2 
− item F: score 0/1/2 vs score 3 
− item J: score 0 vs score 1/2 
− item K: score 0.0/0.5 vs score 1.0 
− item M:  score 0.0/0.5 vs score 1.0
− item N:  score 0/1 vs score 2
− item O:  score 0/1 vs score 2
− item P: score 0.0/0.5 vs score 1.0/2.0 
− item Q:  score 0.0/0.5 vs score 1.0

The cut-off score for the items of the IQ-CODE was between ‘nothing changed’ and ‘worse’. 

The cut-off score for the items of the MMSE according to Small et al.* were; 
− ‘immediate memory’: ≥ 2 points, 
− ‘serial sevens’:   ≥ 3 points, 
− ‘delayed memory’:   ≥ 2 points  
− ‘follow commands’:  ≥ 2 points, 

* From: Small, B.J. et al., Mini-Mental State Examination item scores as predictors of Alzheimer's
disease: incidence data from the Kungsholmen Project, Stockholm. J Gerontol A Biol Sci Med Sci, 
1997. 52(5): p. M299-304.	
  



The role of geriatric assessment prior to chemotherapy in elderly patients with cancer Chapter 6  |  Prognostic factors for the feasibility of chemotherapy126 127

	 cancer patients for disabilities: evaluation of study of osteoporotic fractures (SOF) index and 	

	 comprehensive geriatric assessment (CGA). Ann Oncol, 2012. 24(2): p. 469-74. 

14.	 Falandry C, Weber B, Savoye AM, Tinquaut F, Tredan O, Sevin E, et al., Development of a geri	

	 atric vulnerability score in elderly patients with advanced ovarian cancer treated with first-line 	

	 carboplatin: a GINECO prospective trial. Ann Oncol, 2013. 24(11): p. 2808-13. 

15.	 Aaldriks AA, Maartense E, le Cessie S, Giltay EJ, Verlaan HA, van der Geest LG, et al., Predictive 	

	 value of geriatric assessment for patients older than 70 years, treated with chemotherapy. Crit 	

	 Rev Oncol Hematol, 2011. 79(2): p. 205-12. 

16.	 Jorm AF, A short form of the Informant Questionnaire on Cognitive Decline in the Elderly (IQ	

	 CODE): development and cross-validation. Psychol Med, 1994. 24(1): p. 145-53. 

17.	 Harrell FE, Jr., Lee KL and Mark DB, Multivariable prognostic models: issues in developing  

	 models, evaluating assumptions and adequacy, and measuring and reducing errors. Stat Med, 	

	 1996. 15(4): p. 361-87. 

18.	 R Core Team, R: A language and environment for statistical computing (2014). R Foundation 	

	 for Statistical Computing, Vienna, Austria. Available from: http://www.R-project.org/. 

19.	 Harrell FE, Jr. rms: Regression Modeling Strategies (2014). R package version 4.1-3, Available 	

	 from: http://CRAN.R-project.org/package=rms. 

20.	 Extermann M, Boler I, Reich RR, Lyman GH, Brown RH, DeFelice J, et al., Predicting the risk of 

	 chemotherapy toxicity in older patients: the Chemotherapy Risk Assessment Scale for High-Age 	

	 Patients (CRASH) score. Cancer, 2012. 118(13): p. 3377-86. 

21.	 Hurria A, Togawa K, Mohile SG, Owusu C, Klepin HD, Gross CP, et al., Predicting chemotherapy 	

	 toxicity in older adults with cancer: a prospective multicenter study. J Clin Oncol, 2011. 29(25): 	

	 p. 3457-65. 

22.	 Hoppe S, Rainfray M, Fonck M, Hoppenreys L, Blanc JF, Ceccaldi J, et al., Functional decline in 

	 older patients with cancer receiving first-line chemotherapy. J Clin Oncol, 2013. 31(31):  

	 p. 3877-82. 

23.	 Mohile S, Dale W, Magnuson A, Kamath N and Hurria A, Research priorities in geriatric  

	 oncology for 2013 and beyond. CancerForum, 2013. 37(3): p. 216-21. 

24.	 Soubeyran P, Fonck M, Blanc-Bisson C, Blanc JF, Ceccaldi J, Mertens C, et al., Predictors of early 	

	 death risk in older patients treated with first-line chemotherapy for cancer. J Clin Oncol, 2012. 	

	 30(15): p. 1829-34. 

25.	 Kanesvaran R, Li H, Koo KN and Poon D, Analysis of prognostic factors of comprehensive  

	 geriatric assessment and development of a clinical scoring system in elderly Asian patients with 

	 cancer. J Clin Oncol, 2011. 29(27): p. 3620-7.

References

1.	 Jemal A, Siegel R, Xu J and Ward E, Cancer statistics, 2010. CA Cancer J Clin, 2010. 60(5):  

	 p. 277-300. 

2.	 Puts MT, Santos B, Hardt J, Monette J, Girre V, Atenafu EG, et al., An update on a systematic 

	 review of the use of geriatric assessment for older adults in oncology. Ann Oncol, 2014. 25(2): 

	 p. 307-15. 

3.	 Wildiers H, Heeren P, Puts M, Topinkova E, Janssen-Heijnen ML, Extermann M, et al.,  

	 International society of geriatric oncology consensus on geriatric assessment in older patients 	

	 with cancer. J Clin Oncol, 2014. 32(24): p. 2595-603. 

4.	 Overcash JA, Beckstead J, Extermann M and Cobb S, The abbreviated comprehensive  

	 geriatric assessment (aCGA): a retrospective analysis. Crit Rev Oncol Hematol, 2005. 54(2): 

	 p. 129-36. 

5.	 Luciani A, Ascione G, Bertuzzi C, Marussi D, Codeca C, Di Maria G, et al., Detecting disabilities 	

	 in older patients with cancer: comparison between comprehensive geriatric assessment and 	

	 vulnerable elders survey-13. J Clin Oncol, 2010. 28(12): p. 2046-50. 

6.	 Bellera CA, Rainfray M, Mathoulin-Pelissier S, Mertens C, Delva F, Fonck M, et al., Screening 	

	 older cancer patients: first evaluation of the G-8 geriatric screening tool. Ann Oncol, 2012. 		

	 23(8): p. 2166-72. 

7.	 Schuurmans H, Steverink N, Lindenberg S, Frieswijk N and Slaets JP, Old or frail: what tells us 	

	 more? J Gerontol A Biol Sci Med Sci, 2004. 59(9): p. M962-5. 

8.	 Kenis C, Geeraerts A, Braes T, Milisen K, Flamaing J and Wildiers H, The Flemish version of 	

	 the Triage Risk Screening Tool (fTRST): a multidimensional short screening tool for the  

	 assessment of elderly patients. Crit Rev Oncol Hematol 2006. 60 (suppl 1: 31 ). 

9.	 Hamaker ME, Jonker JM, de Rooij SE, Vos AG, Smorenburg CH and van Munster BC, Frailty 	

	 screening methods for predicting outcome of a comprehensive geriatric assessment in elderly 	

	 patients with cancer: a systematic review. Lancet Oncol, 2012. 13(10): p. e437-44. 

10.	 Kaiser MJ, Bauer JM, Ramsch C, Uter W, Guigoz Y, Cederholm T, et al., Validation of the Mini 	

	 Nutritional Assessment short-form (MNA-SF): a practical tool for identification of nutritional 	

	 status. J Nutr Health Aging, 2009. 13(9): p. 782-8. 

11.	 Ensrud KE, Ewing SK, Taylor BC, Fink HA, Cawthon PM, Stone KL, et al., Comparison of 2 frailty 	

	 indexes for prediction of falls, disability, fractures, and death in older women. Arch Intern Med, 	

	 2008. 168(4): p. 382-9. 

12.	 Ensrud KE, Ewing SK, Cawthon PM, Fink HA, Taylor BC, Cauley JA, et al., A comparison of 		

	 frailty indexes for the prediction of falls, disability, fractures, and mortality in older men. J Am 	

	 Geriatr Soc, 2009. 57(3): p. 492-8. 

13.	 Luciani A, Dottorini L, Battisti N, Bertuzzi C, Caldiera S, Floriani I, et al., Screening elderly 		




