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In the present study, we investigated whether age and serious comorbid conditions influence treatment decisions, complications and
survival in breast cancer patients. The Eindhoven Cancer Registry records patient, tumour and therapy characteristics of all patients
diagnosed with cancer in the southern part of the Netherlands. Additional information on severity of comorbidity and serious
complications was collected for a random sample of 527 breast cancer patients (aged 40 years and older). More than 70% of the
patients X80 exhibited high severity of comorbidity compared to 6% of those aged 40–49 years. Treatment was not influenced by
severity of comorbidity. Less than 30% of the breast cancer patients had complications after diagnosis. The number of complications
was not related to age or severity of comorbidity. The hazard ratio (HR) of dying for patients with low/moderate severity of
comorbidity was 2.4 for those aged 40–69 years and 1.6 for those aged X70 years, after adjustment for age, nodal status and
treatment. For patients with high severity of comorbidity, the risk of dying was almost three times higher. Older breast cancer patients
with serious comorbidity were not treated differently and did not have more complications compared to those without comorbidity,
but they exhibited a worse prognosis.
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Comorbidity, the coexistence of various chronic illnesses in
addition to the index disease, is an increasing problem in
industrialised countries due to the rising proportion of older
people. In 1970, 25% of all breast cancer patients was 70 years or
older and in 1999 33% (Coebergh et al, 2001). In a population-
based study in the registration area of the Eindhoven Cancer
Registry, the prevalence of comorbidity increased from 10% of
patients younger than 50 to 55% of patients aged 80 years and
older (Louwman et al, submitted). Comorbid conditions may have
an effect on oncological treatment of older breast cancer patients.
Several studies have shown that older patients received less
extensive treatment (like adjuvant radiotherapy and chemother-
apy) (Greenfield et al, 1987; Bergman et al, 1991; Yancik et al,
2001; Bouchardy et al, 2003; Louwman et al, submitted). Few data
exist on treatment results for older breast cancer patients with
serious comorbid conditions, since these patients generally are not
eligible for clinical trials (Hutchins et al, 1999; Kemeny et al, 2003).
Comorbidity may also have a negative impact on prognosis. Some
studies have found that breast cancer patients with comorbid
conditions had a lower overall survival rate compared to patients
without comorbidity (Bergman et al, 1991; Satariano and Ragland,
1994; Yancik et al, 2001; Louwman et al, submitted).

In this study, we investigated whether age and serious comorbid
conditions influenced treatment decisions, the occurrence of
serious complications within 1 year after diagnosis and survival
in breast cancer patients.

MATERIALS AND METHODS

Study population

The Eindhoven Cancer Registry (ECR) has collected data on all
patients with newly diagnosed cancer in the Dutch province of
North Brabant and in the northern part of the adjacent province of
Limburg. The registry serves a population of about 2 million
inhabitants. Information on diagnosis, staging, treatment and
comorbidity (since 1993) were extracted from the medical records.
The area offers good access to specialised medical care supplied in
12 general hospitals and two large radiotherapy institutes.
For this study, a random sample was taken from the database of

the Eindhoven Cancer Registry (function uniform in the SAS
computer package). This sample consisted of 549 women aged 40
years and older with breast cancer, diagnosed between 1995 and
1999 in eight out of 12 general hospitals in the registration area.
This sample size was considered large enough for subgroup
analyses according to time and costs of review of medical records.
Of these 549 patients, 22 patients were excluded for the following
reasons. In all, 14 clinical records could not be found in the

Received 14 November 2003; revised 28 January 2004; accepted 15
March 2004; published online 25 May 2004

*Correspondence: Dr S Houterman, E-mail: research@ikz.nl

British Journal of Cancer (2004) 90, 2332 – 2337

& 2004 Cancer Research UK All rights reserved 0007 – 0920/04 $30.00

www.bjcancer.com

C
lin

ic
a
l



hospitals due to migration, death or unknown reasons and eight
clinical records were incomplete. These excluded patients had a
mean age of 68 years (compared to 62 years for those in the study)
and 59% died during follow-up (compared to 25% deaths in the
study). Data of the other 527 patients were included for analyses.

Measurements

With the approval of the treating physicians, two researchers (an
epidemiologist (SH) and a surgeon (CV)) extracted additional
information on severity of comorbidity, complications and
performance status from the medical records. Severity of
comorbidity was classified as high, moderate and low impact
according to the conceptual model ‘Life Threat’ (Yancik et al,
1998) (Table 1). We did not include the category ‘negligible
impact’ in our study, because we assume that the influence of these
comorbid conditions on treatment and prognosis would have been
negligible and similar to that of patients without comorbidity. For
analyses of treatment, complications and survival, patients with
more comorbid conditions were classified according to the most
severe condition.
The functional status of the patient was extracted from the

medical record, using the Karnofsky scale (Karnofsky et al, 1948).
Five categories were distinguished according to the Eastern Co-
operative Oncology Group (ECOG). For surgical patients, we also
recorded the American Society of Anaesthesiologists (ASA)
physical status score (House of Delegates of the American Society
of Anesthesiologists, 1963). However, it proved to be impossible to
include functional status and the ASA score in the analyses,
because for 68% of the breast cancer patients, the functional status
was not found in the medical record and for 45% the ASA score
was missing.
Treatment was classified as surgery, surgery plus radiotherapy,

surgery plus radiotherapy plus systemic therapy (chemotherapy
and/or hormonal therapy), surgery plus systemic therapy and
other therapy. Axillary nodal status was recorded on the basis of
clinical and pathological examination.
Serious complications were recorded during the first year after

diagnosis. Complications registered were minor infections (such as
superficial wound infection), major infections (such as abscess,
septicaemia), pulmonary complications (such as pneumonia),
haemorrhage (requiring blood transfusion or surgery), throm-
boembolic complications, cardiac problems (such as cardiac

insufficiency), complications due to radiotherapy (such as
pneumonitis) or chemotherapy (such as severe nausea), lymphoe-
dema and other complications.
Information on vital status of the patients was obtained from the

hospital records and the death register of the Central Bureau for
Genealogy. Follow-up was completed until 1 July 2003 (mean
follow-up 4.7 years).

Statistical analysis

The association between severity of comorbidity and treatment
and number of complications (0, 1 and X2) was analysed
according to age. Differences between subgroups were tested with
the w2 test. Univariate crude 5-year survival rates were calculated
according to severity of comorbidity, axillary nodal status,
treatment and age. Survival time was defined as the time from
diagnosis until death or the end of the study (if the patient was still
alive on 1 July 2003). Differences in crude survival between
categories were tested with the log-rank test. In a multivariable
Cox’s proportional-hazard regression analysis, independent ha-
zard ratios (HR) for severity of comorbidity were estimated and
adjusted for age at diagnosis, axillary nodal status and treatment.
Survival generally decreases with age and the prevalence of
comorbidity increases with age. Therefore, we estimated relative
survival rates. Relative survival rates were calculated as the ratio of
observed survival in the cancer patients divided by the expected
survival of a group of individuals of closely similar age from the
general population. The SAS computer package (version 8.2) was
used for all statistical analyses (SAS Institute Inc., Cary, North
Carolina, USA, 1999).

RESULTS

For this study, we extracted a random sample of women aged 40
years and older with breast cancer from a population-based
database. The distribution of age, stage and vital status in the
random sample was similar to that in the whole database of the
Eindhoven Cancer Registry. In total, 373 breast cancer patients
were aged between 40 and 69 years and 154 patients were 70 years
and older.
In all, 77% of the patients aged 40–49 years had no concomitant

disease, whereas this was only 6% of those aged 80 years and older
(Figure 1). High impact concomitant diseases were most prevalent
among older patients (72% of those aged 80 years and older vs 6%
of those aged 40–49 years).
The most common condition with high impact was hypertension

under active treatment (12% of patients aged o70 years and 32%
of patients aged X70 years). In all, 7% of younger patients had
cardiovascular diseases with high impact compared to almost 25%
of older patients. Diabetes, both low and high impact, occurred
more frequently in patients aged 70 years and older (10 and 8%,
respectively) than in patients aged 40–69 years (2 and 3%,
respectively).
Overall, patients aged 70 years and older received significantly

less radiotherapy and chemotherapy and significantly more
hormonal therapy than patients under 70 years did (results not
shown). The percentage of patients aged X70 years receiving
surgery and radiotherapy was 25% compared to 38% of those aged
o70 years. Of patients aged 70 years and older, o1% received
chemotherapy and 44% hormonal therapy compared to 17 and
25%, respectively, of patients younger than 70 years. For patients
younger than 70, treatment was not influenced by severity of
comorbidity (Figure 2). Patients aged 70 years and older with high
impact comorbidity received slightly more often surgery combined
with systemic therapy, and less surgery alone or surgery in
combination with radiotherapy, but this was not significant
(P¼ 0.7). Splitting up the variable systemic therapy in hormonal

Table 1 Classification of severity of comorbidity, according to an
adapted version of the model ‘Life Threat’ (Yancik et al, 1998)

High impact Moderate impact Low impact

Anginaa Anginab Arrhythmiab

Arrythmiaa Cardiovascular diseasesb Alzheimer’s diseasea,b

Cardiac arresta,b Myocardial infarctionb Arthritisa

Congestive heart failurea,b Valve diseaseb Diabetes (medication
unknown)a

Cardiovascular diseasea Anaemiaa Eye problemsa

Myocardial infarctiona Asthmaa Fracturea

Valve diseasea Depressiona Hearinga

Other heart problemsa Deep vein thrombosisa Hypertensionb

Chronic obstructive Gastrointestinala Liver problemsb

Pulmonary diseasea,b Hypertensiona Obesitya

Diabetes (insulin)a Lipid problemsa Osteoporosisa

Previous cancera Liver problemsa Parkinson’s diseasea

Renal failurea,b Mental healtha Previous cancerb

Stroke/TIAa Stroke/TIAb

Thyroid/glandulara

Urinary tract (any Hx)a,b

aUnder active treatment. bNo current treatment, history only. TIA¼ transient
ischaemic attack. Hx¼ history.
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therapy and chemotherapy showed no association between type of
systemic treatment and severity of comorbidity in patients aged
40–69 years (P¼ 0.31) and in those aged 70 years and older
(P¼ 0.35) (data not shown). There was no relationship between
type of surgery (breast conserving therapy or mastectomy with or
without axillary dissection) and severity of comorbidity (data not
shown). In all, 46% of the patients aged 40–69 years without

comorbidity were treated with breast conserving therapy with
axillary dissection compared to 47% of the patients with high
severity of comorbidity. Of those aged 70 years and older, these
percentages were 35 and 23%, respectively (P¼ 0.7).
The number of patients with complications after surgery was

similar for both age groups (27% of those aged younger than 70
years and 26% of those aged 70 years and older) (Table 2). Patients
aged 80 years and older had somewhat less complications (15%).
Minor infection (10–12%) was the most common complication,
followed by lymphoedema (7–8%). Complications following
radiotherapy were more prevalent in patients younger than 70
(3%) than of those aged 70 years and older (1%). The proportion
of patients aged 70 years and older with two or more complications
was 0% of those without comorbidity, 6% of those with low
severity, 10% of those with moderate severity and only 1% of those
with high severity of comorbidity. There was no statistically
significant difference in both age groups between the number of
complications and the severity of comorbidity (P¼ 0.6 of patients
younger than 70 years and P¼ 0.3 of those aged 70 years and
older) (Figure 3).
The 5-year survival for patients without comorbidity was 91%

for those younger than 70 years and 78% for those aged 70 years
and older (Table 3). Of patients aged 40–69 years, the 5-year
survival rate for those with low/moderate and high impact of
comorbidity was significantly lower than for patients without
comorbidity (84 and 80%, respectively, vs 91%). The prognosis for
patients aged 70 years and older was significantly worse for those
with high severity of comorbidity (5-year survival 46%). In the
multivariable analyses (adjusted for age at diagnosis, axillary nodal
status and treatment), the risk of dying for patients younger than
70 years was 2.4 times higher for those with low to moderate
comorbidity and 2.9 times higher for those with high impact
comorbidity compared to patients without comorbidity. Patients
aged 70 years and older with low/moderate impact had a
nonsignificant higher risk of dying compared to patients without
comorbidity, whereas patients with high impact comorbidity had a
three times higher risk of dying. Age was also an independent
prognostic factor for patients aged 70 years and older. Treatment
and axillary nodal status were no significant prognostic factors
after adjustment for age and severity of comorbidity. Splitting up
the variable systemic therapy in hormonal therapy and che-
motherapy did not alter the above-mentioned results. Using a
cutoff point in the multivariable analyses of 60 years instead of 70
years still did not alter the results. The 5-year relative survival rate
was not significantly lower in older patients (Table 4). Older
women with high impact comorbidity exhibited lower relative
survival rates compared to those without comorbidity, but this
difference was not significant.

DISCUSSION

This study shows that severe comorbidity at the time of cancer
diagnosis negatively affected survival of breast cancer patients
diagnosed in general hospitals. However, it did not appear to
influence choice of treatment or the occurrence of complications
after treatment.
There was no significant difference in treatment for women with

breast cancer according to severity of comorbidity. This confirms
the results of previous studies (Greenfield et al, 1987; Bergman
et al, 1991), where age was a more important factor for choice of
treatment than comorbidity. In a prospective cohort study among
American breast cancer patients aged 65 years and older, no
association was found between primary therapy and comorbidity
(Lash et al, 2003). However, a study among 1196 breast cancer
patients in the Kaiser Permanente Medical Care Program
demonstrated that patients with two or more comorbid conditions
received less adjuvant breast cancer therapy, such as radiotherapy
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Figure 1 Age-specific prevalence of comorbidity among breast cancer
patients diagnosed in 1995–1999 in the southern Netherlands.
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Figure 2 Treatment (%) of breast cancer patients diagnosed in 1995–
1999 in the southern Netherlands, according to severity of comorbidity and
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and chemotherapy (West et al, 1996). In a large population-based
study with all breast cancer patients diagnosed between 1995 and
1999 (N¼ 6277) in the area of the Eindhoven Cancer Registry
(from which our sample was derived), we found that breast cancer
patients with comorbidity less frequently received adjuvant
radiotherapy (50 vs 65%, Po0.0001) and less extensive surgical
treatment (Louwman et al, submitted). An explanation for this
discrepancy could be that we had too few patients in our random

sample to see this effect. Another explanation could be that
different classification systems for comorbidity were used.
In this population-based study that was carried out in medium-

sized general hospitals in which the caseload was relatively high,
we found no statistically significant difference between the number
of complications and the severity of comorbidity or age.
Complications following radiotherapy, however, were more pre-
valent in patients younger than 70 years compared to those aged 70
years and older, even after the adjustment for the higher
proportion of younger patients receiving radiotherapy. Younger
patients, however, did not receive a higher dose of radiotherapy.
We are not aware of any other study describing the effect of
comorbidity on postoperative complications in older breast cancer
patients. Of patients who underwent prostatectomy, comorbidity
and age did not significantly affect complications, but comorbid
conditions did prolong postoperative bed-stay (Ibrahim et al,
1995). The latter was not recorded in this study.
Prognosis of breast cancer patients with severe comorbidity was

significantly worse compared to patients without comorbidity after
adjustment for age, axillary nodal status and treatment. Other
studies also showed that breast cancer patients with comorbidity
had a lower survival rate compared to patients without comorbid-
ity, regardless of other prognostic factors such as age and stage of
breast cancer at diagnosis (Bergman et al, 1991; West et al, 1996;
Yancik et al, 2001; Louwman et al, submitted). In a longitudinal
observational study carried out in the Detroit metropolitan area
among women aged 40–84 years, patients with three or more
comorbidities even had a 20-fold higher rate of mortality from
causes other than breast cancer and a four-fold higher rate of all-
cause mortality compared to patients without comorbidity
(Satariano and Ragland, 1994). This means that breast cancer,
and perhaps its treatment, may accelerate the course of other
pathologic conditions, which might increase the risk of death from
those conditions.
Owing to the relatively small number of breast cancer patients in

this study, the effect of the individual comorbid conditions on
prognosis could not be analysed.
Comparing the results of the above-mentioned studies, we have

to take into account that the comorbidity measures used were
somewhat different. In several studies (Newschaffer et al, 1996;
West et al, 1996; Lash et al, 2003), the Charlson comorbidity
method (Charlson et al, 1987) was used to measure comorbidity
and in other studies (Greenfield et al, 1987; Bergman et al, 1991)
another measure of comorbidity was used. Although the effect of
severity of comorbidity according to the ‘Life Threat’ model
(Yancik et al, 1998) has not yet been validated in breast cancer, we
believe it to be the best available index to measure severity of
comorbidity in which information about treatment of the
comorbid condition was included. Besides this, the measure was
shown to predict survival in a large population-based study of
colorectal cancer patients (Yancik et al, 1998). Therefore, we are
not surprised to find that severity of comorbidity, measured
according to the ‘Life Threat’ model, was a strong prognostic factor
in our study.
We extracted data from the patient’s medical record as these are

generally regarded as the most complete source of information on
the patient’s past and current health status (Satariano, 2000).
However, specific information like functional status and ASA score
was not consistently available across hospitals and patients.
Therefore, we could not include these prognostic factors in our
analyses.
Studies including older cancer patients should asses comorbid-

ity and functional status separately, because they predict survival
in older cancer patients in a different way (Extermann et al, 1998).
The correlation between the ECOG performance status score and
the Charlson comorbidity scale was only 0.14. Functional status
may reflect an interactive process between cancer stage and
comorbidity level, in which psychosocial factors may act as

Table 2 Age-specific prevalence of complications during the first year
after diagnosis for breast cancer patients diagnosed in 1995–1999 in the
southern Netherlands

o70 years X70 years

Type of complicationa % (N) % (N)

No complication 71.1% (265) 69.5% (107)
Minor infection (like superficial
wound infection)

11.5% (43) 9.7% (15)

Major infection (like abscess,
septicaemia)

3.2% (12) 4.6% (7)

Pulmonary (like pneumonia) 0.8% (3) 1.3% (2)
Haemorrhage (requiring blood
transfusion or surgery)

3.5% (13) 3.3% (5)

Thromboembolic 0.0% (0) 0.7% (1)
Cardiac (like cardiac insufficiency) 0.3% (1) 1.3% (2)
Following radiotherapy (like
pneumonitis)b

3.5% (8) 1.4% (1)

Following systemic therapy (like
severe nausea)c

1.5% (2) 0.0% (0)

Lymphoedemad 7.7% (25) 7.0% (8)
Other 3.5% (13) 2.0% (3)
Unknown 1.9% (7) 4.6% (7)

aMore complications per patient possible. bProportion of patients who underwent
radiotherapy. cProportion of patients who underwent chemotherapy. dProportion of
patients who underwent axillary dissection.
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Figure 3 Number of complications (%) during the first year after
diagnosis among breast cancer patients diagnosed in 1995–1999 in the
southern Netherlands, according to severity of comorbidity and age.
compl¼ complications.
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confounders. Apart from this, comorbidity and a deterioration in
functional status of patients aged 70 years and older led to greater
heterogeneity and therefore more individualisation of treatment
protocols (Hillen and Hupperets, 2000).
We estimated crude 5-year survival rates. It is expected that the

survival rate of older breast cancer patients is worse. Since the

prevalence of comorbidity also increases with age, this could have
biased our results. However, comorbidity retained its prognostic
value after adjustment for age. The relation between comorbidity
and survival was somewhat weaker but comparable if relative
survival rates were calculated. Unfortunately, we had no data on
cause of death of our patients, so we could not give cause-specific
survival rates.
Until now, there is not enough evidence that the biological effect

of treatment, like toxicity of chemotherapy and radiotherapy, is
different for older breast cancer patients with comorbidity than for
younger patients. Elderly breast cancer patients (aged 65 years and
older) are under-represented in treatment trials. A review of 164
trials carried out by the Southwest Oncology Group showed that
49% of the total breast cancer population under investigation was
aged 65 years and older and only 9% of them was included in
clinical trials (Hutchins et al, 1999). It is therefore important that
more trials are initiated that include older cancer patients in order
to establish the outcome in the elderly.
In conclusion, we found that older breast cancer patients with

serious comorbidity were generally not treated differently and
hardly had more complications. Prognosis of breast cancer
patients was influenced negatively by severe comorbidity only.

ACKNOWLEDGEMENTS

This study was supported by a grant from the Dutch Cancer
Society (IKZ 2000-2260). We thank the registration team of the
Eindhoven Cancer Registry for data collection and M Verheij for
correcting the English text.

REFERENCES

Bergman L, Dekker G, van Kerkhoff EH, Peterse HL, van Dongen JA, van
Leeuwen FE (1991) Influence of age and comorbidity on treatment choice
and survival in elderly patients with breast cancer. Breast Cancer Res
Treat 18: 189–198

Bouchardy C, Rapiti E, Fioretta G, Laissue P, Neyroud-Caspar I, Schafer P,
Kurtz J, Sappino AP, Vlastos G (2003) Undertreatment strongly
decreases prognosis of breast cancer in elderly women. J Clin Oncol
21: 3580–3587

Table 3 Univariate and multivariable analyses of survival for breast cancer patients diagnosed in 1995–1999 in the southern Netherlands

o70 years X70 years

Univariate

Multivariable
HR (95% CI)a

Univariate

Multivariable
HR (95% CI)aVariable

N
(deaths)

5-year
survival % (s.e.) P-value

N
(deaths)

5-year
survival % (s.e.) P-value

Severity of concomitant disease 0.002 o0.001
No comorbidityb 218 (24) 91 (2) 1.00 27 (6) 78 (9) 1.00
Low/moderate impact 84 (19) 84 (4) 2.43 (1.27–4.66) 50 (18) 73 (7) 1.63 (0.58–4.59)
High impact 62 (17) 80 (5) 2.87 (1.40–5.90) 74 (46) 46 (6) 2.97 (1.12–7.86)

Axillary nodal status o0.001 0.006
Negativeb 194 (20) 92 (2) 1.00 67 (25) 68 (6) 1.00
Positive 123 (31) 80 (4) 2.10 (0.78–5.65) 44 (19) 62 (8) 0.69 (0.27–1.80)
Unknown/no axillary dissection 56 (10) 84 (5) 0.83 (0.27–2.55) 43 (27) 47 (8) 0.66 (0.27–1.61)

Treatment
Surgery onlyb 91 (10) 91 (3) 0.001 1.00 44 (16) 71 (7) 0.32 1.00
Surgery and radiotherapy 142 (14) 93 (2) 0.87 (0.38–1.96) 39 (14) 67 (8) 1.27 (0.58–2.81)
Surgery and radiotherapy and systemic 87 (23) 77 (5) 1.62 (0.55–4.78) 30 (13) 70 (8) 1.35 (0.47–3.90)
Surgery and systemic 44 (8) 87 (6) 1.11 (0.33–3.74) 25 (13) 49 (11) 1.41 (0.50–4.03)
Other 9 (6) — d 16 (15) — d

Age (years)c 373 (61) 87 (2) 1.01 (0.97–1.05) 154 (71) 60 (4) 1.09 (1.03–1.16)

aHazard ratio (HR) for death and 95% confidence interval (CI) adjusted for all other variables in the model. bReference category. cAs a continuous variable in the multivariable
analysis. dNot included in the multivariable model.

Table 4 Relative survival rates for breast cancer patients diagnosed in
1995–1999 in the southern Netherlands

o70 years X70 years

% 95% CI % 95% CI

Severity of concomitant disease
No comorbidity 93 88–96 94 66–109
Low/moderate impact 87 77–94 92 72–105
High impact 83 70–92 69 51–86

Axillary nodal status
Negative 95 90–98 87 70–100
Positive 83 74–89 86 63–103
Unknown/no axillary dissection 87 73–95 71 47–92

Treatment
Surgery only 94 86–99 97 74–113
Surgery and radiotherapy 96 90–99 82 61–98
Surgery and radiotherapy and systemic 80 69–88 94 67–112
Surgery and systemic 90 74–98 85 48–117
Other — — — —

Age (years) 90 86–93 82 70–92

CI¼ confidence interval.

Severity of comorbidity in breast cancer patients

S Houterman et al

2336

British Journal of Cancer (2004), 2332 – 2337 & 2004 Cancer Research UK

C
lin

ic
a
l



Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new method of
classifying prognostic comorbidity in longitudinal studies: development
and validation. J Chronic Dis 40: 373–383

Coebergh JWW, Janssen-Heijnen MLG, Louwman WJ, Voogd AC (2001)
Cancer Incidence, Care and Survival in the South of the Netherlands,
1955–1999: A Report from the Eindhoven Cancer Registry (IKZ) with
Cross-Border Implications. Eindhoven: Comprehensive Cancer Centre
South (IKZ)

Extermann M, Overcash J, Lyman GH, Parr J, Balducci L (1998)
Comorbidity and functional status are independent in older cancer
patients. J Clin Oncol 16: 1582–1587

Greenfield S, Blanco DM, Elashoff RM, Ganz PA (1987) Patterns of care
related to age of breast cancer patients. JAMA 257: 2766–2770

Hillen HF, Hupperets PS (2000) Breast cancer in patients, 70 years or older.
Ned Tijdschr Geneeskd 144: 1099–1104

House of Delegates of the American Society of Anesthesiologists (1963)
New classification of physical status. Anesthesiology 24: 111

Hutchins LF, Unger JM, Crowley JJ, Coltman Jr CA, Albain KS (1999)
Underrepresentation of patients 65 years of age or older in cancer-
treatment trials. N Engl J Med 341: 2061–2067

Ibrahim AI, el-Malik E, Ghali AM, Murad N, Saad M (1995) Effect of age,
comorbidity and type of surgery on perioperative complications and
mortality of prostatectomy. Br J Urol 76: 341–345

Karnofsky DA, Abelmann WH, Kraver LF, Burchernal JH (1948) The use of
nitrogen mustard in palliative treatment of carcinoma with particular
reference to bronchogenic carcinoma. Cancer 1: 634–669

Kemeny MM, Peterson BL, Kornblith AB, Muss HB, Wheeler J, Levine E,
Bartlett N, Fleming G, Cohen HJ (2003) Barriers to clinical trial

participation by older women with breast cancer. J Clin Oncol 21:
2268–2275

Lash TL, Thwin SS, Horton NJ, Guadagnoli E, Silliman RA (2003) Multiple
informants: a new method to assess breast cancer patients’ comorbidity.
Am J Epidemiol 157: 249–257

Louwman WJ, Janssen-Heijnen ML, Houterman S, Voogd AC,
Coebergh JW Less extensive treatment and lower survival in
breast cancer patients with comorbidity: a population- based study
(Submitted)

Newschaffer CJ, Penberthy L, Desch CE, Retchin SM, Whittemore M
(1996) The effect of age and comorbidity in the treatment of
elderly women with nonmetastatic breast cancer. Arch Intern Med 156:
85–90

Satariano WA. (2000) Comorbidities and cancer. In Cancer in the Elderly,
Hunter CP, Johnson KP, Muss HB (eds) New York: Marcel Dekker Inc.

Satariano WA, Ragland DR (1994) The effect of comorbidity on 3-year
survival of women with primary breast cancer. Ann Intern Med 120:
104–110

West DW, Satariano WA, Ragland DR, Hiatt RA (1996) Comorbidity and
breast cancer survival: a comparison between black and white women.
Ann Epidemiol 6: 413–419

Yancik R, Wesley MN, Ries LA, Havlik RJ, Edwards BK, Yates JW (2001)
Effect of age and comorbidity in postmenopausal breast cancer patients
aged 55 years and older. JAMA 285: 885–892

Yancik R, Wesley MN, Ries LA, Havlik RJ, Long S, Edwards BK, Yates JW
(1998) Comorbidity and age as predictors of risk for early mortality of
male and female colon carcinoma patients: a population-based study.
Cancer 82: 2123–2134

Severity of comorbidity in breast cancer patients

S Houterman et al

2337

British Journal of Cancer (2004) 90(12), 2332 – 2337& 2004 Cancer Research UK

C
li
n
ic
a
l


