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Abstract

Purpose  With the increasing number of elderly patients
suffering from cancer, comorbidity and functional impair-
ment become common problems in patients with cancer.
Both comorbidity and functional impairment are associated
with a shorter survival time in cancer patients, but their
independent role has rarely been addressed before.
Methods Within a prospective trial we recruited 427 can-
cer patients, irrespective of age and type of cancer, admit-
ted as inpatients prior to the start of chemotherapy.
Comorbidity was assessed with the cumulative illness rat-
ing scale (CIRS-G), functional impairment with WHO per-
formance status (WHO-PS), basal (ADL) and instrumental
(IADL) activities of daily living.

Results Median follow-up was 34.2 months. A total, 61.4%.
of patients died. Median survival time was 21.0 months. Age,
kind of tumour (solid vs. haematological), treatment
approach (non-curative vs. curative), WHO-PS (24 vs. 0—
1), IADL (<8 vs. 8), and severe comorbidity (CIRS-level
3—4 vs. none) were significantly associated with shorter
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survival time in univariate analysis. In a multivariate
Cox-regression-analysis, age (HR 1.019; 95%-CI 1.007-
1.032; P=0.003), kind of tumour (HR 1.832; 95%-CI
1.314-2.554; P <0.001), WHO-PS (HR 1.455; 95%-CI
1.059-2.000; P =0.021), and comorbidity level 3-4 (HR
1.424; 95%-CI 1.012-2.003; P =0.043) maintained their
significant association.

Conclusions Age, severe comorbidity, functional impair-
ment, and kind of tumour are independently related to
shorter survival time in cancer patients.

Keywords Cancer - Geriatric oncology - Comorbidity -
Geriatric assessment - Functional status -
Activities of daily living

Introduction

Cancer is the second most leading cause of death in Europe
and Northern America (Jemal et al. 2006). About 60% of
all people diagnosed with cancer are aged 65 years and
more. Due to demographic changes, the number of people
with cancer will increase substantially within the next
decades (Edwards et al. 2002). Comorbidity and functional
impairment are common problems in elderly people.

In cancer patients, a variety of clinical trials and register
analyses demonstrated that advanced age is associated with
inadequate diagnosis and treatment and with shorter sur-
vival time (Gross et al. 2006; Turner et al. 1999; Yancik
et al. 2001). But most trials reporting this fact adjust insuffi-
ciently for other factors typically related to advanced age,
such as presence of comorbidity and functional impairment.

Comorbidity is the presence of one or more additional
disorders in the presence of an index disease (Charlson et al.
1987). But as already described by Feinstein over 30 years
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ago, despite the fact that comorbidity is of major importance
in clinical practice, is has not gained much importance in
clinical research (Feinstein 1970; Boyd etal. 2005). The
presence of comorbidity is associated with shorter survival
time in cancer patients (Read et al. 2004; Nagel et al 2004;
Satariano and Ragland 1994; Boulos et al. 2006).

Functional status (FS) or performance status (PS)
describes the overall fitness of patients. The term PS is
more established in oncology and the term FS in geriatric
medicine. David Karnofsky first described the overall
fitness of cancer patients by a systematic scoring system
(Karnofsky et al. 1948). Different scales to measure perfor-
mance status (PS) have been established in the past (Bucc-
heri etal. 1996). PS is of prognostic importance for
toxicity, early death, and overall survival rate in a variety of
tumours (Buccheri et al. 1996). Other scales to measure FS
have been established in geriatric medicine, such as activi-
ties of daily living (ADL) (Mahoney and Barthel 1965a, b),
and instrumental activities of daily living (IADL) (Lawton
and Brody 1969).

The use of scales established in geriatric medicine on
elderly cancer patients provides additional information to
castern cooperative oncology group (ECOG) PS (Repetto
etal. 2002). The prognostic relevance of ADL or IADL
score for survival of cancer patients has only been
addressed by two reports so far, one for patients with non-
small-cell-lung-cancer (NSCLC) (Maione et al. 2005), and
one for patients with acute myeloid leukaemia (AML)
(Wedding et al. 2006).

Both the frequencies of comorbidity and of poor PS/FS
increase with advance in age (Repetto et al. 1998; Exter-
mann et al. 998; Hurria et al 2005). But comorbidity and FS
are not two sides of one medal. In geriatric medicine, func-
tional impairment, comorbidity, and frailty are addressed as
different aspects with some overlap (Fried et al. 2004). All
are increasingly common with advanced age. As Exter-
mann et al. (1998) could demonstrate for elderly cancer
patients, comorbidity and functional status are independent
in elderly cancer patients.

The independent role of comorbidity and FS or PS on
survival in cancer patients has rarely been addressed before
(Firat et al. 2002a, b; Truong et al. 2005).

Against this background, we analysed the data collected
in a prospective study assessing functional status—with
both oncological and geriatric scales—and comorbidity in a
non-selected group of cancer patients, independent of sex,
age, kind of tumour, treatment approach and stage.

Methods

The study was conducted at the Department of Haematol-
ogy and Oncology at the University Hospital Jena,
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Germany. The ethical committee of the Friedrich Schiller
University of Jena approved the study.

Patients

Patients aged 18 years and older, admitted as inpatients to
the hospital in order to newly undergo first line chemother-
apy treatment for current cancer stage were asked to partic-
ipate in a clinical trial including measurement of functional
status and comorbidity. Informed consent was obtained
after patients had received their diagnosis and a recommen-
dation to undergo chemotherapy.

For all patients, data on sex, age, kind of tumour—clas-
sified as solid or haematological-diagnosis, and treatment
approach, curative versus non-curative, were documented
in the patients’ records.

Functional status

Performance-status (PS) Patients’ PS was measured
according to the WHO-PS (World-Health-Organisation
1979). For further analysis, patients were grouped into
those with good PS (WHO-PS 0-1) and those with poor PS
(WHO-PS 2-4).

Activities of daily living (ADL) ADL-score was assessed
with the Barthel-Index (Mahoney and Barthel 1965a, b). A
sum score of all ten items was calculated, and patients were
classified as those “without limitations” in case of full sum
score (= 100) and those “with limitations” in case of sum
score below 100.

Instrumental activities of daily living (IADL) 1ADL-score
was assessed with the score published by Lawton and
Brody (1969). A sum score of all eight items was calcu-
lated, and patients were classified‘ as those “without limita-
tions” in case of full sum score (=8) and those “with
limitations” in case of sum score <8. If at least one single
item was assessed “with help” (score = 0), the dichotomous
appraisal of this patient was “with limitations”.

Comorbidity

Comorbidity at the time of inclusion in the study prior to
the start of chemotherapy was recorded with the Cumula-
tive Illness Rating Scale, geriatric version (Linn et al.
1968). It differentiates between 14 organ systems. Every
comorbidity of a patient was assigned to one of the 14
organ systems and rated from O (no comorbidity) to 4
(extremely severe comorbidity). In the case of an occur-
rence of more than one disease in one organ system, only
the most severe one was rated. If a disease could directly be
traced back to the cancer diagnosis, it was not recorded as
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Ta!)le 1, Relative .frf.:quency N f Characteristics %o % of patients alive Median survival Log-rank
patients charact.erlstlcst relative per characteristic time (95% CI)
frequency of patients alive per
T 2019
inverval) Sex male 56.4 382 21.0 (16.7-27.9) P=0976
female 43.6 392 21.0 (15.0-27.8)
Age 18—59 433 533 46.2 (24.6—-.-) P <0.001
60—69 31.3 308 16.7 (12.6-24.3)
70-79 20.5 347 14.4 (8.7-19.1)
80+ 49 19.0 7.9 (3.4-18.7)
Kind of tumour Solid 44.5 22.8 13.8 (10.0-16.9) P <0.001
Haematological 55.5 50.8 35.2 (34.6-73.4)
Treatment approach ~ Curative 348 588 68.1 (32.7--.-) P <0.001
Non-curative 652 274 15.0 (11.0-17.3)
WHO-PS 0—-1 62.3  48.8 30.4 (22.3-44.3) P <0.001
2—-4 377 199 10.8 (7.9-15.6)
ADL =100 79.0 435 24.6 (18.0-31.8) P =0.056
<100 21.0 351 16.1 (8.2-22.8)
IADL =8 713 470 29.7 (21.3-42.6) P <0.001
<8 28.7 284 15.0 (9.6-17.3)
Comorbidity None 345 550 59.3 (31.3--.-) P <0.001
One or more 65.5  30.1 16.8 (13.9-19.2)

co-morbidity. The number of organ systems with severe
comorbidity (level 3 or 4) was used for further analyses.

Statistics

Data management and data analysis were performed with
the statistical packages SPSS® Version 12 and SAS®
Release 8.02. To assure high quality of data concerning
completeness, rightness and consistency, plausibility
checks were performed. The statistical measurements fre-
quency and relative frequency were calculated for categori-
cal variables, mean and standard deviation for metrical
variables. The outcome of a statistic test with P < 0.05 is
called significant, and with P < 0.10 a trend. Survival anal-
ysis was performed according to Kaplan—Meier analysis.
Log rank test to compare differences in survival between
groups, and Cox-regression analysis for those items with
significant results in univariate analysis were calculated.
For selection of variables (addition of a further variable to
the Cox model) difference of —2 Log Likelihood was tested
for statistical significance (P value < 0.05).

Results
Patients’ characteristics
Four hundred and twenty-seven patients were included.

Patients’ characteristics are reported in Table 1. Patients’
diagnoses are reported in Fig. 1.

Solid tumours were more common in elderly patients,
41.8% in those aged below 60 years, 54.9% in those aged
60-69 years, 40.2% in those aged 70-79 years, and 19.0%
in those aged 80 years and more (P = 0.006).

Treatment approach was curative in 56.4% of patients
with haematological neoplasia and 7.9% in those with a solid
tumour (P < 0.001), in 48.9% of those aged below 60 years,
in 24.1% of those aged 60—69 years, in 26.4% of those aged
70-79 years, and in 14.3% of those aged 80 years and more
(P <0.001). According to classification of the UICC, 78.7%
of patients with solid tumour had stage IV disease.

Median time of follow-up of surviving patients was
34.2 months (mean 36.8; 95% CI: 33.9-39.6 months). Two
hundred and sixty-two patients died (61.4%). Median sur-
vival time of patients who died was 9.1 months (mean 13.2;
95% CI 11.6-14.8 months).

The association between sex, age-group, kind of tumour,
treatment approach, WHO-PS, ADL, IADL, and CIRS con-
cerning the relative frequency of patients who died, the
median survival time, and the 95% confidence intervals are
reported in Table 1.

In a univariate analysis (Kaplan—Meier analysis, Log-
rank test), age, kind of tumour, treatment approach, WHO-
PS, TADL, and comorbidity were significantly associated
with overall survival. For ADL, a trend was observed (see
Table 1).

Within a multivariate Cox-regression analysis, age, kind
of tumour, WHO-PS, IADL and comorbidity maintained
their significant association with overall survival. Treat-
ment approach was not any longer significant, so were
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Others ]
Chronic Leukemia

Acute Leukemia

Malignant Lymphoma

Cardia or Gastric Cancer [ )
Sarcoma [
Colorectal Carcinoma ]
Multiple Myeloma [
Pancreatic Cancer [
Oesophageal Cancer [
Breast Cancer [T
Carcinoma of unknown primary [T
Lung Cancer 1]

Fig. 1 Number of patients per diagnosis

IADL. Results of Cox-regression analysis are reported in
Table 2.

Model

Due to significant results in the Log rank test, age, kind of
tumour, treatment approach, WHO-PS, IADL, and comor-
bidity were included in a multivariate Cox-regression
model to predict survival time. The single most predictive
item was treatment approach, followed by kind of tumour,
WHO-PS, age, IADL, and comorbidity. The Cox model
improved significantly (P <0.001) when two items were
selected. The two items with the best prediction were age
and kind of tumour. When three items were included, the
model further improved significantly (P = 0.003). As third
item, WHO-PS was added. When four items were included,
the goodness-of-fit further improved significantly
(P =0.038). The fourth item with the best improvement of
the model was comorbidity. The addition of treatment
approach and TADL did not improve the model further.
Results of the model are reported in Table 3.

Table 2 Multivariate Cox-regression analysis including all variables
with significant results in univariate analysis

Variable Harzard ratio (95% CI) P value

Age (per one year) 1.019 (1.007-1.032) 0.003

Kind of tumour 1.832 (1.314-2.554) <0.001
(haematological vs. solid)

Treatment approach 1.389 (0.933-2.069) 0.105
(curative vs. non-curative)

WHO-PS 1.455 (1.059-2.000) 0.021
(WHO 0—1 vs. WHO 2-4)

IADL (JADL =8vs.IADL <8) 1.209 (0.873-1.674) 0.252

Comorbidity level 3—4 1.424 (1.012-2.003) 0.043

(none—present)
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Table 3 Stepwise selection of variables with those items significantly
contributing to survival in multivariate Cox-regression analysis

No. of Variables Chi-Quadrat P value *

variables

1 Treatment approach 32.1 <0.001

2 Age + kind of tumour 60.2 <0.001

Age + kind of tumour + 714 0.003

WHO-PS

4 Age + kind of tumour + 75.0 0.038
WHO-PS + comorbidity

5 Age + kind of tumour + 76.9 0.094

WHO-PS + comorbidity +
treatment approach

* Statistically significant improvement of the model with inclusion of
one further variable (—2 Log Likelihood)

Discussion

Survival is one of the major end-points within the care for
cancer patients. Factors influencing survival time can be
related to the disease, to the patient, and to the treatment.
Whereas the influence of characteristics of the disease has
been studied extensively, patients’ characteristics, espe-
cially in elderly cancer patients’ are less well described in
most trials. Geriatric medicine has established geriatric
assessment, amongst others to improve the description of
patients’ characteristics (Rubenstein et al. 1989).

Most of the trials reporting survival dependence of age
adjust insufficiently for age-related changes such as comor-
bidity and functional impairment. The presented report is
one of the first addressing age, functional impairment, and
comorbidity at the same time, when analysing survival of
cancer patients.

Limitations of the presented work are that the analysis
includes a heterogeneous cohort of patients and was not
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restricted to single diagnoses, stages of disease, and to
homogeneous treatment protocols. Having in mind that for
different diagnoses a variety of prognostic important vari-
ables are known, the sample size is rather small. Thus the
presented data shall stimulate further trials in homogeneous
cohorts of patients including a structured assessment of
comorbidity and of functional status.

In the past, this has been performed for patients with
NSCLC. Firat et al. (2002a, b) demonstrated that comorbid-
ity and poor PS were independent prognostic factors for
overall survival in stage I and stage III NSCLC. Age did
not contribute significantly. According to Maione et al.
(2005), in elderly patients with advanced NSCLC limita-
tions in IADL are one of the important prognostic factors
for poor survival in addition to ECOG-PS = 2, higher num-
ber of metastatic sites, and poor initial quality of life, but
not comorbidity.

In a cohort of patients with AML, we could demonstrate
that limitations in IADL are of prognostic importance even
after adjusting for other major prognostic factors, such as
poor PS and adverse cytogenetic risk group (Wedding et al.
2006). However, comorbidity did not have a significant
influence.

In a population-based analysis of patients with endome-
trial carcinoma, Truong etal. (2005) could not identify
comorbidity as a factor of survival in a multivariate Cox
model, including age at diagnosis, PS, stage, grade, lym-
phovascular invasion, surgery, and radiotherapy use.

For further entities, analyses like these are important, to
learn whether age remains to be an adverse prognostic fac-
tor even after adjusting for age-associated changes, such as
functional impairment and comorbidity.

Read et al. (2004) reported on the influence of comorbid-
ity on one year’s survival rate in 11,558 patients with
breast, lung, colon, or prostate cancer. When the survival
by the kind of tumour and the stage was very short, comor-
bidities had no significant influence on 1-year survival rate,
but they did not include PS in their analysis. As the median
time of survival was 21.0 months in our cohort of patients,
the results are in line with the data reported by Read.

A further limitation is that we included inpatients only.
Thus the cohort of patients may describe a group of patients
with poor prognoses compared to patients who can be
treated as outpatients. In addition, the cohort comprises a
high rate (55.5%) of patients with haematological malig-
nancies, compared to 6-10% in all cancer patients in Ger-
many. This reflects the restriction of the trial to inpatients,
the specialisation of our hospital and a referral bias. As the
survival of patients with haematological type of cancer is
longer than that of patients with a solid tumour, both limita-
tions might equalise each other.

Guidelines for the treatment of elderly patients with can-
cer recommend a systematic geriatric assessment, including

amongst others ADL, IADL, and co-morbidities (Friedrich
et al. 2003; Extermann et al. 2005). The presented data sup-
port the need to collect systematic data on PS/FS and co
morbidities in cancer patients, to improve prognostic accu-
racy, and potentially improve the care for elderly patients
with cancer in future.
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