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Abstract Purpose: The aim was to assess the impact of
comorbidity on survival of postmenopausal women with
breast cancer diagnosis in the period 1995-1997. Meth-
ods: The level of comorbidity was described by the
methods suggested by Satariano and Charlson. Cox’s
proportional hazard models were used to explore the
impact of comorbidity on all-cause mortality. Results:
After a median follow-up time of 52 months, an
increasing level of comorbidity was associated with a
higher all-cause mortality. Compared to patients with-
out comorbid conditions, the hazard ratio of death (HR)
was 1.2 (95% CI: 0.8-1.7) for Satariano index 1 and HR
2.3 (95% CI: 1.5-3.5) for Satariano index >2, and HR
1.6 and 2.1 for the Charlson comorbidity index,
respectively. Independent of comorbidity, the treatment
pattern had a strong impact on survival. The level of
comorbidity has an influence on the 3-year survival of
postmenopausal women with breast cancer. Conclusions:
Long-term follow-up is required to appraise these find-
ings in relation to treatment strategies.
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Introduction

Breast cancer is the most common cancer in women in
Europe and North America with 1,000,000 estimated
new cases and 373,000 deaths per year worldwide [1].
The prognosis of breast cancer is associated with tumor
and sociodemographic characteristics. Tumor-related
prognostic factors such as stage, grading, and receptor
status are reported in numerous articles. Factors asso-
ciated with the patient characteristics, such as functional
status and comorbid conditions, are rarely considered in
prognosis analysis. In Western societies the incidence of
breast cancer as well as many non-malignant chronic
diseases, such as arterial hypertension, coronary heart
disease, diabetes, chronic pulmonary disease, and
arthrosis, are increasing with age [2]. In regard to
demographic changes and an expected increase in cancer
incidence [3], medical decisions on the adequate treat-
ment of elderly cancer patients’ gains relevance.

Comorbidity is the presence of one or more health
conditions found in people with an index disease, e.g.,
breast cancer [4]. It is very common that elderly breast
cancer patients suffer from concomitant diseases. How-
ever, this fact has not received much attention in the
past. The comorbid conditions affect medical decision-
making, outcomes in terms of treatment complications,
recurrence, and survival, as well as the quality of life. In
addition, comorbidity effects patterns of care and health
service utilization, contributing to health care expendi-
tures [5].

Various attempts have been made to measure com-
orbidity. Based on different approaches, scores have
been suggested by Charlson [6], Kaplan and Feinstein
[7], Yancik [8], Linn [9], and Satariano [10]. The most
commonly used Charlson comorbidity score was devel-
oped based on l-year age-adjusted risk of death in
hospitalized subjects. However, Satariano and Ragland
demonstrated that comorbidity is a major prognostic
indicator in elderly patients with breast cancer by iden-
tifying a subset of seven out of 18 comorbid conditions,



which were independently associated with all-cause
mortality. Further studies on breast cancer revealed that
the measurement of the comorbidity level explains only
a small proportion of variance in treatment patterns in
older women [11, 12]. The functional status of a person
contributes independently to the health outcome [13].
The balance of benefits and potential harm of treatment
becomes more important than the womens’ age.

The objectives of this study were to investigate the
impact of comorbidity on the survival of postmeno-
pausal women with breast cancer adjusted to tumor and
treatment factors, and to compare the effects of the
Satariano index with the commonly used Charlson
index.

Material and methods
Background

The study sample relies on regional cancer registration
and relevant additional clinical information [14]. Data
were collected in order to evaluate the management of
patients with breast cancer, living in Eastern Thuringia,
who were diagnosed during the years 1995-1997. The
area comprises a population of about 1 million.

Study population

Participants were recruited from the University Hospital
in Jena and ten regional hospitals in the area. Patients
who attended the hospitals for primary care of breast
cancer were informed by the physicians and asked for
written consent. During the years 1995-1997, in total
1,324 breast cancer cases were collected. The median
follow-up time was 52 months (36-72 months). The
study sample was restricted to patients of 50 years and
older at diagnosis with histologically confirmed invasive
breast cancer [International Classification of Disease
(ICD)-9 code 174] [15]. Age over 50 years was used as a
proxy variable for postmenopausal state. The sample
comprised 946 eligible cases, of which 799 (84.5%) with
a complete set of all covariates of interest were consid-
ered for a multivariate analysis, including cases with all
tumor stages (UICC I-1V). Missing data occurred in the
covariates due to histological differentiation grade 87
(9.2%) and hormone receptor status 70 (7.4%).

Data collection

Data regarding age, comorbidity, tumor characteristics,
operative and adjuvant therapy were taken from stan-
dard cancer registration sheets, where comorbidity was
addressed in an open question, or from medical records
directly or from copies of relevant reports. Information
on vital status was attained by active follow-up by
requests from the physicians. This was done annually to
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check up vital status . In addition, record linkages with
the cancer registry in Berlin were conducted, where the
death certificates of patients from the study region were
centrally registered.

Variables

The Satariano comorbidity index was calculated based
on ICD-9 codes. Within a list of 18 comorbid condi-
tions, seven relevant prognostic comorbid conditions
[heart disease, myocardial infarction, diabetes, respira-
tory condition, liver condition, gallbladder condition,
and cancer (other than ICD 174)] were identified by
survival analysis. The number of the comorbid condi-
tions was added to a score [10]. The Satariano index was
categorized as 0, 1, and =2 comorbid conditions. Com-
orbidity conditions, which were present at the time of
diagnosis or occurred up to 3 months after diagnosis
were considered for the analysis. For comparison,
comorbidity burden was also classified according to
Charlson [6, 16]. Age at diagnosis was categorized into
50-59 years, 60—69 years, 70-79 years, and = 80 years.
Tumor size and nodal and distant metastasis weres
classified according to the TNM Classification of
Malignant Tumors [15] and summarized as local (T1-4,
NO, MO0), regional (any T, N1, M0), and distant disease
(any T, any N, M1). Histological differentiation grade
was coded into G1/G2 versus G3. Tumors were docu-
mented as G4 in 0.9% of the cases, which were added to
the G3 class. Hormone receptor status was categorized
as positive when either estrogen or progesterone or both
were positive. The histologic morphology of the tumors
was classified as invasive ductal and invasive lobular,
and all other morphologies were summarized as other.
The treatment was categorized as operation only (OP),
operation and adjuvant systemic therapy (hormone and/
or chemotherapy) (OP, CT or HT), operation and
radiation therapy (OP, RT), and the combination of
operation, adjuvant systemic therapy and radiotherapy
(OP, CT or HT, RT) in order to adjust for the impact of
treatment on survival.

Statistical methods

The associations between the comorbidity score and
sample characteristics were examined using chi-square
tests. Using the product limit life table method, Kaplan-
Meier survival curves were plotted separately for each
variable. Based on these procedures and considering
clinically relevant factors, Cox’s proportional hazards
regression models were fitted to identify predictors for
survival [17]. The following covariates were included
simultaneously in the final models: age, tumor stage,
histologic differentiation grade, hormone receptor sta-
tus, comorbidity, and treatment. Histologic morphology
did not improve the fit of the model and was not
included in the final model. Interactions were
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investigated. The likelihood-ratio test was applied to test
for significant effects of one covariate adjusted for the
others. The adjusted hazard ratios of death (HR) and
the corresponding 95% confidence intervals (95% CI)
were estimated. Statistical analysis was performed using
the statistical package SPSS (Version 10.0, SPSS). All
reported P-values are two-sided.

Results

In Table 1 the sample characteristics for 799 postmen-
opausal women with breast cancer regarding the Sa-
tariano comorbidity score are shown. Associations were
observed between the level of comorbidity and age
(P<0.001), treatment (P=0.003), and wvital status
(P<0.001) , whereas no statistical significant relation-
ship was found for histologic differentiation grade
(P=0.147), localization (P=0.106), and hormone
receptor status (P=0.326). In Table 2 the frequency of
the comorbidities are shown. The most common co-
morbid conditions in our sample were hypertension,
heart disease, diabetes, thyroid, circulatory and gall-
bladder conditions. In Table 3 the cause of death
regarding the comorbidity level is summarized. In 156
out of 190 cases information on the cause of death was
available. In 112 cases breast cancer was identified as the
cause of death and in 44 cases other causes of death were
identified. Figure 1 shows the Kaplan-Meier estimates
for three levels of comorbidity for a follow-up time of

60 months. With an increasing number of comorbid
conditions the survival time decreased.

In the multivariate analysis (Table 4) the number of
comorbid conditions as classified with the Satariano
index was strongly associated with survival. The hazard
ratio of death increased from 1.2 (95% CI: 0.8-1.7)
when one comorbid condition was present to 2.3 (95%
CI: 1.5-3.5) when at least two comorbidities were pres-
ent. Furthermore, a strong association was observed
between stage and survival. For regional disease the
relative risk was 2.4 (95% CI: 1.8-3.3) and for remote
disease the hazard ratio increased to 8.4 (95% CI:
5.2-13.5).

The treatment of breast cancer patients was associ-
ated with survival (P <0.001). Compared to the combi-
nation of surgical treatment, adjuvant systemic
treatment, and radiation therapy, the other treatment
options were associated with a higher risk of dying
within 3 years after diagnosis. For the surgical and
adjuvant systemic therapy as well as for surgical and
radiation therapy the hazard ratio was 1.5 (95% CI%: 1,
1-2.1, and 0.8-2.8, respectively). Compared to other
treatment options, for patients who underwent surgical
treatment only, the highest relative risk estimates were
observed (HR: 4.3, 95% CI: 2.7-7.0).

Age was associated with survival (P= 0.029). Com-
pared to the age group 50-59 years, the hazard ratio
increased with increasing age from 1.4 (95% CI: 0.9 —
2.5) for the age group 60-69 years, and 1.4 (95% CI:
1.2-2.1) in the age group 70-79 years, to 2.7 (95% CI:

Table 1 Level of comorbidity

according to Satariano (SCI) Variable Total number  Level of co-morbidity (SCI) P-value
for women aged > 50 years with of cases
invasive breast cancer 0 1 22 5
diagnosed 1995-1997 (n=799) n (%) n (%) n (%) n (%) 1 -test
Age/years <0.001
50-59 263 (32.9) 224 (40.1) 34 (20.2) 5(6.9)
60-69 244 (30.5) 189 (33.8) 44 (26.2) 11 (15.3)
70-79 209 (26.2) 112 (20.0) 61 (36.3) 36 (50.0)
>80 83 (10.4) 34 (6.1) 29 (17.,3) 20 (27.8)
Survival <0.001
Alive 609 (76.2) 447 (80.0) 122 (72.6) 40 (55.6)
Dead 190 (23.8) 112 (20.0) 46 (27.4) 32 (44.4)
Treatment 0.003
OP, CT or HT, RT 358 (44.8) 275 (49.2) 62 (36.9) 21 (29.2)
OP, CT or HT 354 (44.3) 224 (40.1) 87 (51.8) 43 (59.7)
OP, RT 46 (5.8) 33 (5.9) 11 (6.5) 2(2.8)
OP 41 (5.1) 27 (4.8) 8 (4.8) 6 (8.3)
Histologic differentiation grade 0.147
G1/G2 528 (66.1) 359 (64.2)  115(68.5) 54 (75.0)
G3 271 (33.9) 200 (35.8) 53 (3L.5) 18 (25.0)
Tumor stage 0.106
Local 446 (55.8) 303 (54.2) 97 (57.7) 46 (63.9)
Regional 321 (40.2) 238 (42.6) 60 (35.7) 23 (31.9)
Distant 32 (4.0) 18 (3.2) 11 (6.6) 3(4.2)
Hormone receptor status 0.326
Positive 655 (82.0) 461 (82.5)  132(78.6) 62 (86.1)
Negative 144 (18.0) 98 (17.5) 36 (21.4) 10 (13.9)
Sum 799 559 168 72




Table 2 Comorbid conditions present in women with breast cancer
in the cancer registry up to 3 months after diagnosis (n=799). The
diseases in bold letters are summarized in the Satariano score.
Prevalence = (count/799)x100

Category Count Prevalence %
Hypertension 485 60.7
Heart disease 149 18.6
Arthritis 2 0.3
Gallbladder condition 31 39
Thyroid condition 40 5.0
Diabetes 100 12.5
Gastrointestinal condition 8 1.0
Broken bones/skeletal disease 16 2.0
Eye condition 20 2.5
Respiratory condition 21 2.6
Urinary condition 9 1.1
Circulatory condition 53 6.6
Cancer (other than ICD 174) 18 2.3
Ear condition 8 1.0
Myocardial infarction 7 0.9
Stroke 14 1.8
Kidney condition 3 3.8
Liver condition 9 1.1

1.7 —4,3) in women aged 80 years or older. Furthermore,
survival was influenced by the histologic differentiation
grade (HR: 1.4, 95% CI: 1.1-1.9). Negative hormone
receptor status was associated with higher mortality
(HR: 1.4, 95% CI: 1.0-1.9) compared to positive hor-
mone receptor status but no statistical significant asso-
ciation was observed (P=0.074).

The estimates for the Charlson comorbidity index
was calculated by replacing the Satariano index in the
model with the same set of adjustment variables. For the
Charlson comorbidity index (Table 5) HR increased
from 1.6 (95% CI: 1.2-2.3) for one or two comorbidities,
to 2.1 (95% CI: 1.1-4.1) when a score of three or more
was present.

The hypothesized interaction between the Satariano
comorbidity index and stage of disease in relation to
survival was not statistical significant (P= 0.078). This
observation was affected by the inclusion of tumor stage
(P=0.061), but failed to reach statistical significance. In
Fig. 2 the relative risks and 3-year mortality rate of 799
patients are presented by the number of comorbid con-
ditions and stage of disease. Survival was influenced by
stage independently of the comorbidity level.

Table 3 Causes of death by Satariano comorbidity level in women
with breast cancer (not known 34)

Satariano Cause of death Total

comorbidity level

Breast cancer Other

0 80 (82.5%) 17 (17.5%) 97
1 23 (63.9%) 13 (36.1%) 36
>2 9 (39.1%) 14 (60.9%) 23
Total 112 44 156
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Discussion

In our study sample, comorbidities influence the survival
of postmenopausal women with breast cancer, con-
firming the observations made by Satariano and
Ragland [10]. The mortality risk increases with the
number of comorbid conditions independent of the
disease stage. In a recent study among patients with lung
cancer, the total number of all comorbid conditions was
associated with the all-cause mortality [18]. In line with
former research, the Charlson Comorbidity index, a
weighted score, revealed similar effects on survival.

When using the Charlson comorbidity index, the
greatest impact was observed for the group with local
disease independent of whether there was an adjustment
for stage and initial treatment [19]. Aging is a complex
process, which is associated on molecular level with
promoting and inhibiting changes in carcinogenesis [20].
In older patients with breast cancer, increasing age is
associated with more favorable tumor characteristics
[21]. In contrast, the prevalence of chronic diseases
increases with age [22]. Both conditions may be
influenced by common risk factors such as body weight
[23], smoking habits [24], and physical activity [25].

Comorbidity is defined as one or more other diseases in
relation to an index-disease [4]. In most etiological and
mortality analyses the assumption of independent com-
peting risks is applied. Former work suggested that cancer
and comorbid conditions interact regarding survival. [20]
Little is known about the causes and effects of comor-
bidity on diagnosis and the course of the disease of interest
[5, 26]. However, the presence of comorbid conditions is
not necessarily associated with advanced stage breast
cancer [27]. The prevalence of comorbid conditions
depends on age and tumor localization. Coebergh et al.
reported that the prevalence was highest for patients with
lung, kidney, stomach, bladder, and prostate cancer [28].
Furthermore, the outcome may influence the tumor stage
through different levels of health awareness or different
access to the health care system [29], and the treatment
strategy [30, 11]. By comparing non-breast-cancer cohorts
and non-comorbidities cohorts, estimates of statistical
interaction between comorbidities and breast cancer were
found. For women with breast cancer and comorbid
conditions the observed excess mortality rate was greater
than expected [19].

There is evidence that treatment patterns influence
survival independently of the level of comorbidities
observed. Various studies have found that older patients
are more likely to receive less aggressive treatment [31,
32]. Hébert-Croteau and et al. concluded that older
patients received less aggressive locoregional and adju-
vant treatment, independent of comorbidity [33].
Mandelblatt et al. observed that patients aged 80 years
or older were likely to receive no adjuvant chemother-
apy, independent of other clinical and sociodemographic
factors [34]. The evaluation of predictors in order to
facilitate the utilization of appropriate therapy in older



668

Fig. 1 Kaplan-Meier overall
survival curve for level of
comorbidities (Satariano
comorbidity index) of breast
cancer patients aged > 50 years
n=1799)
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age at the individual and group level remains an
important issue in clinical oncology.

Tumor stage is a strong predictor of survival in wo-
men with breast cancer. In our data a trend towards an
interaction between comorbidity and stage of disease
was observed, which did not reach statistical signifi-
cance. Satariano and Ragland found an interaction be-
tween comorbidity level and stage of disease [10]. This
may be related to the differences of the age bounds.
Satariano and Ragland included women aged from
40 years while we included only women 50 years or
older as a proxy variable for postmenopausal state. Risk
factors of breast cancer may be different among pre- and
postmenopausal women [35]. However, in the group
with local disease the presence of two or more comorbid
conditions increased the mortality rate. Similar findings
were reported by Newschaffer et al. who detected a
statistical significant interaction between comorbidity
and stage [19]. Satariano and Ragland observed an in-
creased mortality risk for patients with local disease,
whereas among patients with remote disease no effects
on mortality were found [10].

Differences might be related to the ascertainment of
the comorbid conditions. Compared with the prevalence
of comorbid conditions reported by Satariano, in our
sample a different pattern was found. Some comorbid

conditions, such as arthritis, gallbladder conditions, and
gastrointestinal conditions, were less frequent in our
sample. Other authors reported that different patterns of
comorbid conditions were less prevalent [28]. Differences
in prevalence may depend on the health care system, the
ascertainment of comorbid conditions, and the index
applied [36, 37, 38]. Our study is based on routine clin-
ical data. Since the data on comorbid conditions were
collected during the treatment, it is likely that specific
comorbidities were reported. However, Newschaffer
et al. compared data on comorbidities in medical records
and physicians’ claims data and observed similar asso-
ciations between comorbidity indices and mortality [11].
Lash et al. suggested that the use of a multiple infor-
mants’ method might be an alternative when no single
index is considered to be ideal [39]. The comorbidity
indices consider the number of diseases and impact on
life expectancy. Functional status, which was not avail-
able for our cohort, may independently influence the
outcome [13].

Conclusion

Multiple comorbid conditions have impact on the 3-year
all-cause mortality of postmenopausal women with
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Table 4 Hazard ratio estimates

of death and 95% confidence Variable Total number Hazard ratio (95% Likelihood-ratio
intervals (95% CI) from Cox’s of cases confidence interval) test
Proportional Hazards model on _
799 breast cancer patients age n =799 HR 95% CI P-value
> 50 years diagnosed in the
years 1995-1997 for the Age/years 0.001
Satariano comorbidity index 50-59 263 1.0

60-69 244 1.4 0.9 2.0

70-79 209 1.4 0.9 2.1

>80 83 2.7 1.7 4.3

Satariano comorbidity index 0.001

0 559 1.0

1 168 1.2 0.8 1.7

>2 72 2.3 1.5 3.5

Treatment <0.001

OP.CT or HT, RT 358 1.0

OP, CT or HT 354 1.5 1.1 2.1

OP, RT 46 1.5 0 2.8

OP 41 43 2.7 7.0

Tumor stage <0.001

Local 446 1.0

Regional 321 2.4 1.8 33

Distant 32 8.4 5.2 13.5

Histologic differentiation grade 0.024

G1/G2 528 1.0

G3 271 1.4 1.1 1.9

Hormone receptor status 0.074

Positive 655 1.0

Negative 144 1.4 1.0 1.9

Table 5 Hazard ratio estimates of death and 95% confidence
intervals from Cox’s Proportional Hazards model on 799 breast
cancer patients age > 50 years diagnosed in the years 1995-1997 for
the Charlson comorbidity index

Number Hazard Likelihood-
of cases ratio (95% ratio test
confidence
interval)
Charlson Comorbidity Index® 0.004
0 634 1.0
1-2 140 1.6 1.2 2.3
>3 25 2.1 1.1 4.1

“In the model the Satariano comorbidity index was replaced in the
model by the Charlson comorbidity index while the adjustment
variables remained

breast cancer. The Charlson index revealed similar risk
estimates to the Satoriano index. Independent of com-
orbidity, treatment pattern had strong impact on sur-
vival. Comorbid conditions should be considered in
medical decision-making. The measurement of other
outcome factors, such as quality of life and adverse ef-
fects of treatment, may add further guidance in medical
decision-making in elderly patients with breast cancer, in
order to provide the appropriate treatment for older
women with breast cancer.
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