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Materials and methods: Included were women with invasive locoregional breast cancer
diagnosed in 2004 from seven population-based cancer registries. Data were abstracted from
medical records and verified with treating physicians when there were inconsistencies and
missing information on cancer treatment. Comorbidity severity was quantified using the Adult
Comorbidity Evaluation 27. Treatment guideline concordance was determined by comparing
treatment received with the National Comprehensive Cancer Network guidelines. Kaplan—-Meier
method and multivariable Cox proportional hazards regressions were employed for statistical
analyses.

Results: Of 5852 patients, 76% were under 70 years old and 69% received guideline concordant
adjuvant chemotherapy. Comorbidity was more prevalent in women age 70 and older (79% vs.
51%; p < 0.001). After adjusting for tumor characteristics and treatment, severe comorbidity
burden was associated with significantly higher cancer-related mortality in older patients (Hazard
Ratio [HR] = 2.38, 95% CI 1.08-5.24), but not in younger patients (HR = 1.78, 95% CI 0.87-
3.64). Among patients receiving guideline adjuvant chemotherapy, cancer-related mortality was
significantly higher in older patients (HR = 2.35, 95% CI 1.52-3.62), and those with severe
comorbidity (HR = 3.79, 95% CI 1.72-8.33).

Conclusions: Findings suggest that, compared to women with no comorbidity, patients with
breast cancer age 70 and older with severe comorbidity are at increased risk of dying from

breast cancer, even after adjustment for adjuvant chemotherapy and other tumor and treatment
differences. This information adds to risk—benefit discussions and emphasizes the need for further
study of the role for adjuvant chemotherapy in these patient groups.
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Introduction

Providing appropriate treatment to older patients with breast cancer with comorbidities is a
challenge due to lack of high quality evidence from clinical trials. Most patients with breast
cancer, however, are age 50 years or older at diagnosis and have at least one comorbidity
[1]. With aging of the general population, even more women with comorbidities will be
diagnosed and treated for breast cancer.

Studies show a direct relationship between comorbidity and both breast cancer-related and
competing-cause mortality, but an inverse association between comorbidity and adjuvant
chemotherapy use, such that it is difficult to determine how much of the higher cancer
mortality rate in women with comorbidity is due to lack of appropriate adjuvant treatment
[2-4]. Admittedly, higher cancer mortality may be due to either differential treatment
quality, which is directly correlated with outcome; or it may be due to the direct effects

of comorbidities or their treatment on disease biology. Hypertension, cardiovascular disease,
and diabetes, for instance, have differential effects on breast cancer survival, disease course,
and treatment [2,5,6]. In general, however, more severe comorbidity is associated with
under-treatment, a phenomenon that, with adjuvant chemotherapy for breast cancer, may
partly be due to withholding chemotherapy because of concern about undue toxicity [7,8].
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The impact of comorbidity on the risk of cancer and non-cancer-related death among
patients with breast cancer receiving adjuvant chemotherapy, however, has not been well
studied.

In this study, we aimed to examine the relationship of comorbidity severity to five-

year breast cancer-specific and non-breast cancer mortality in women receiving adjuvant
treatment for breast cancer. Data were analyzed from a large population-based pattern

of care (PoC) study in which registry data were enhanced with data abstracted from

charts, allowing for the inclusion of key modifying factors, including guideline-concordant
treatment, age, and others, in the analysis.

2. Methods

2.1. Data Sources

Breast cancer cases diagnosed in 2004 were randomly selected across strata of race/ethnicity
in seven population-based state cancer registries (California, Georgia, Kentucky, Louisiana,
North Carolina, Minnesota, and Wisconsin) for the Centers for Disease Control and
Prevention’s National Program of Cancer Registries (CDC-NPCR) Breast and Prostate
Cancer Data Quality and Patterns of Care Study (POC-BP) study [9,10]. Information on
initial course of treatment and comorbidities was re-abstracted from medical records at
hospitals, pathology laboratories, free-standing radiation facilities, and ambulatory surgery
centers to supplement data that these registries routinely collected. Treating physicians
were contacted to obtain or verify required information, especially regarding adjuvant
chemotherapy, when it was missing or incomplete in hospital medical records. Date of last
contact, vital status, and cause of death were obtained from states’ death certificate files and
linkages with the National Death Index. All patients were followed through Dec 31, 2009,
except those who died prior to this date.

The Institutional Review Board’s approval was obtained from each participating institution.

2.2. Eligibility Criteria and Case Selection

Women age 20 years or older who were residents in the catchment areas and had surgery for
microscopically confirmed first primary invasive, nonmetastatic breast cancer (International
Classification of Diseases for Oncology, third edition, site codes C50.0-C50.9) in 2004
with no subsequent primary within four months were included. Excluded were cases with
previous diagnoses of reportable cancers, Paget’s disease, mesothelioma, Kaposi’s sarcoma,
or lymphoma. Cases from Veteran’s Administration hospitals and those identified solely
from death certificates or autopsies were also excluded.

The initial sample included 9142 cases. Exclusion criteria eliminated 3290 cases: more than
one primary (n = 39); in-situ cancer (n = 1515); unknown American Joint Committee on
Cancer (AJCC) stage (n = 256), distant stage (n = 400); unknown tumor size or lymph nodes
status (n = 53); unknown hormone receptor status (n = 363); unknown comorbidity status

(n = 111); no surgery or unknown surgery type (n = 80); unknown primary treatment status
(n = 88); unknown guideline chemotherapy status (n = 142); unknown guideline hormone
therapy (n = 124); cases where treatment received was in excess of guidelines (n = 91); loss
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to follow-up (n = 5); unknown cause of death (n = 23). The final 5852 cases were included
in this data analysis.

2.3. Comorbidity

Comorbidity burden was measured using the Adult Comorbidity Evaluation-27 (ACE-27)
index, which is specific for patients with cancer and has a dose-response relationship

to survival [11,12]. This index includes 26 comorbid conditions with three levels

of decompensation/severity (i.e., mild, moderate, and severe decompensation). The 26
comorbid conditions were grouped into twelve body organ systems: cardiovascular disease
(myocardial infarction, coronary artery disease, congestive heart failure, arrhythmias,
hypertension, venous disease, and peripheral arterial disease), respiratory disease,
gastrointestinal diseases (hepatic, stomach/intestine, pancreas), renal disease, diabetes
mellitus, nervous system (stroke or cerebrovascular accident, dementia, paralysis,
neuromuscular disorders), psychiatric, rheumatological, acquired immunodeficiency
syndrome (AIDS), cancer (solid tumor, leukemia, lymphoma) excluding the index cancer
(i.e., breast cancer), substance abuse (alcohol abuse, illicit drugs), and morbid obesity.

Abstractors were trained with a validated internet-based program to obtain information on
comorbidity severity by reviewing medical records. Levels of severity were determined
according to diagnosis, medical history, and clinical and laboratory tests [13]. Comorbidities
present at or prior to the cancer diagnosis were included; complications caused by cancer or
cancer treatment were excluded. Each patient was assigned an overall comorbidity score (0-
none, 1-low, 2-moderate, or 3-severe) based on the comorbidity with the highest rank single
ailment, except in the situation where two or more moderate decompensations occurred

in different organ systems, in which case, the overall comorbidity score was designated
severe. A zero comorbidity score was defined as having no comorbidity or no comorbidity
mentioned in medical records.

2.4. Cancer Treatment

All patients included in this analysis had a surgical intervention: lumpectomy or
mastectomy. Local therapy included three groups: mastectomy, lumpectomy with radiation,
and lumpectomy without radiation. Guideline adjuvant chemotherapy was defined based
on the National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in
Oncology, version 1, 2003, (https://www.nccn.org/) which applied to the breast cancers
diagnosed in 2004. If a patient received chemotherapy, regardless of agent/regimens

or dosages, they were included as ‘received chemotherapy’. Adjuvant chemotherapy

was categorized into three groups: did not receive chemotherapy because it was not
recommended by the guidelines (not indicated by guideline), received chemotherapy
recommended by guidelines (received guideline), and did not receive chemotherapy
recommended by the guidelines (under treated). Endocrine therapy was grouped into three
categories, parallel to those defined for receipt of adjuvant chemotherapy.

2.5. Explanatory Variables

We treated patients 70 years and older the same as younger patients when determining
whether adjuvant chemotherapy was recommended by the NCCN guidelines (https://
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www.ncen.org/) in the univariate analysis, though guidelines acknowledge that data is sparse
for those over 70 years old and treatment recommendations should be individualized based
on comorbidity burden. Due to the small number of cases, especially in the group of

severe comorbidity, sociodemographic variables were not included in the analysis except

for age and race/ethnicity (i.e., non-Hispanic white, non-Hispanic black, Asian/Pacific
Islander, American Indian/Alaska Native, and Hispanic). Clinical variables included tumor
characteristics (i.e., regional lymph node status, tumor size, tumor grade, and hormone
receptor status) and treatment type (i.e., surgery, radiation therapy, chemotherapy, and
endocrine therapy).

Hormone receptor status was defined as positive [estrogen receptor (ER) + and/or
progesterone receptor (PR)+], negative (ER and PR negative), or unknown (no information
on ER and PR status). Human epidermal growth factor receptor 2 (HER2) status was
defined as positive [3+ by immunohistochemistry (IHC) or amplified by fluorescent in-situ
hybridization (FISH)], negative (0 or 1+ by IHC or 2+ by IHC and not amplified by FISH),
or unknown.

Cause-specific death (cancer death and non-cancer death) was defined based on SEER
cause-specific death classification variable (ICD-10 codes) for sequence 00 and sequence
01 http://seer.cancer.gov/causespecific/. When we calculated five-year cause-specific death
rates and hazard ratios, only the specific causes of death were treated as events and death
from other causes are treated as censored observation.

2.6. Statistical Analysis

The association of comorbidity level with other explanatory variables were analyzed by

X2 test. The Kaplan—-Meier (KM) method was employed to calculate cumulative death

rates from cancer and non-cancer causes by comorbidity severity overall and stratifying by
age. The Cox proportional hazard multivariable regression model was used to examine the
association of comorbidity severity with risks of cancer death and non-cancer death, adjusted
for age, race/ethnicity, tumor characteristics, and treatment. All estimates were weighted to
reflect the population from which the sample was drawn. Data analysis was performed using
SAS-callable SUDAAN v 11.0.1 software.

3. Results

Characteristics of the sample (n = 5852), overall and by comorbidity severity, are described
in Table 1. The majority of the study population was under age 70 (76%), non-Hispanic
white (58%), and had no or mild comorbidity (86%). Breast cancers were most commonly
1.0-2.9 cm (60%), lymph node negative (pNO, 68%), and hormone receptor positive (75%).
Chemotherapy use was guideline-concordant in 4009 cases (69%) and endocrine therapy in
4720 (81%) of cases.

In univariate analyses, the comorbidity score varied significantly by age, race/ethnicity,
tumor size, nodal status, and grade, type of local therapy and use of chemotherapy, but
not by tumor hormone receptor status or use of endocrine therapy (Table 1). Those age
70 and older (p < 0.001) and non-Hispanic blacks (p < 0.001) were more likely to have
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more severe comorbidity. Larger tumor size (p = 0.004), greater number of involved lymph
nodes (p = 0.020), and poorly differentiated tumor grade (p = 0.025) were associated with
more severe comorbidity. Receipt of lumpectomy without radiation (p < 0.001) and lack of
guideline-concordant chemotherapy (under treated, p < 0.001) were associated with more
severe comorbidity.

Fig. 1 and Table 2 demonstrate cancer-specific and non-cancer mortality by comorbidity
level and age. For cancer mortality, the cumulative mortality was consistently higher for
those with severe comorbidity compared to the other three comorbidity groups, for which
the curves were overlapping. In unadjusted analyses, compared to no comorbidity, the
hazard of cancer-specific mortality was 2.41 in those age <70 year (95% confidence interval
(ClI), 1.27-4.58) and 3.13 in those age 70 and older (95% Cl, 1.45-6.77) with severe
comorbidity. For non-cancer mortality, the cumulative mortality increased with increasing
comorbidity level, overall and by age.

The adjusted hazard ratio of death from cancer and non-cancer causes, by comorbidity
severity, controlling for age, race, tumor characteristics, and treatment, are presented in
Table 2. In the adjusted analyses, the hazard of cancer-related death was significantly higher
among those with the severe comorbidity compared to no comorbidity (HR = 1.93, 95% ClI,
1.18-3.16). When stratified by age, however, the adverse effect of severe comorbidity on
cancer-related death was significant among patients age 70 and older (HR = 2.38, 95% ClI:
1.08-5.24), but not among patients younger than age 70 years (HR = 1.78, 95% ClI: 0.87-
3.64). For non-cancer-related mortality, in the adjusted model, the risk of death increased in
a dose-dependent fashion with increasing comorbidity level: compared to no comorbidity,
HR =1.72 (95% ClI: 1.09-2.70) for mild, HR = 2.61 (95% CI: 1.51-4.49) for moderate,
and HR =5.14 (95% CI: 2.99-8.83) for severe comorbidity. Stratification by age saw little
change in this pattern.

To further explore the effect of guideline-concordant chemotherapy on mortality by age and
comorbidity burden, we stratified by receipt of guideline concordant chemotherapy versus
under treated, excluding those in whom guidelines did not recommend chemotherapy be
used (Table 3). Those who were undertreated had a higher risk of non-cancer death (HR
=7.42, 95% ClI: 5.02-11.0), but not cancer death (HR = 1.01, 95% ClI: 0.79-1.27) at

five years. Cancer mortality did not vary by age or comorbidity level among patients who
were undertreated. Among patients receiving guideline concordant chemotherapy, however,
five-year cancer mortality varied by age and comorbidity level. Cancer mortality was higher
in patients age 70 and older versus those < 70 years (17.7% vs 9.2%; HR = 2.35, 95% ClI:
1.52-3.62) and in those with severe comorbidity versus no comorbidity (21.4% vs 8.4%; HR
=3.79, 95% ClI: 1.72-8.33). The risk of non-cancer-related mortality was higher in patients
both age 70 and older and in patients with higher comorbidity burden, regardless of receipt
of guideline concordant chemotherapy or not.

4. Discussion

This large study of patterns of care for breast cancer, with detailed information about
comorbidity using the ACE-27 comorbidity score and the availability of five-year mortality
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data, provided a unique opportunity to explore the associations among comorbidity

burdens and mortality outcome by age and receipt of guideline concordant care, including
chemotherapy, for breast cancer. As expected, comorbidity burden was directly correlated
with older age and non-breast cancer-related mortality. The cumulative risk of breast cancer-
related mortality was higher in patients with severe comorbidity, but, after stratifying by age
and controlling for demographic factors, tumor characteristics and treatment, the adverse
effect of severe comorbidity on breast cancer-related mortality risk was only significant

in patients age 70 and older. Furthermore, in the analysis stratified by use of guideline
concordant chemotherapy, in unadjusted analyses, it appeared that benefits of adjuvant
chemotherapy with regard to breast cancer survival are greater in younger patients and those
without high comorbidity burdens.

The adverse effect of comorbidity burden on breast cancer-specific and overall mortality
is well documented [2,14-16]. Most of these studies, however, were based on data from
outside the United States. We provide data from a large dataset derived from seven cancer
registries in the United States that confirms these findings. Adjustment for age and stage,
however, does not negate the relationship of comorbidity with survival in women with breast
cancer [2,14,17,18]. We confirm these findings in our study and show a dose-dependent
association between comorbidity and non-breast cancer related mortality. With regard

to breast cancer-related mortality, however, after adjusting for tumor characteristics and
treatment, the relationship was only significant among patients age 70 and older with a
severe comorbidity burden, implying that younger women and older women with lesser
comorbidity burdens obtain benefits from guideline concordant therapies, whereas the
benefit of guideline concordant treatment may be attenuated by severe comorbidity in
patients age 70 and older.

There are at least four explanations for the relationship between comorbidity and breast
cancer-specific survival. One, comorbidity may be associated, directly or indirectly, with

the development of later stage, more aggressive, or more treatment-resistant disease [19].
Second, comorbidity may lead to poor organ function, such as cardiac, respiratory, or renal
function, making it difficult to receive optimal therapy and leading to increased risk of death
from breast cancer due to inability to provide sufficient treatment. Third, the coexisting
illness may make the patient more vulnerable to toxicity from chemotherapy, leading to dose
reduction or early discontinuation of treatment and, therefore, worse outcome [20]. Fourth,
medications for comorbidities may affect tumor virulence or patient side effect risk and
make treatment less effective [21]. In our study, it is not possible to determine which of these
mechanisms is involved and/or most important, but, as the population ages and there is more
interest in adjuvant therapies in a wider range of patients, it will be important to include
these considerations both in observational and prospective studies.

This study has many strengths. We employed a large, geographically diverse database, with
tumor registry data augmented with chart abstraction, and used the record-based ACE-27
comorbidity measure, although a claims-based version of the ACE-27 has been reported
elsewhere [22]. Record re-abstraction enabled capture of detailed information about tumor
characteristics, treatment, and severity of comorbid conditions. Whereas most studies of
comorbidity were limited to older patients with Medicare, this study sample included
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patients ranging in age from 20 to 99 years. The database included well-defined variables,
pertaining to demographic, patient, tumor and treatment characteristics, facilitating analyses
across the full range of comorbidity levels. Use of the ACE-27, a robust, validated, chart-
based instrument developed specifically for patients with cancer to study presence and
severity of comorbidity, is a tremendous strength of the study [23]. Other studies used

less powerful measures of comorbidity [2,7,24,25]. The widely used Charlson Comorbidity
index [26,27] can be used with administrative databases, but includes fewer diagnoses,

little information about disease severity, and tends to overestimate comorbidity burden. The
Cumulative llIness Rating Scale, on the other hand, is perhaps the most comprehensive
index, but it requires detail only available when collected prospectively [28].

We also recognize limitations deserving mention. This retrospective study is limited by
what was recorded in the medical record, which is a poor source of information about
physician and patient decision making, referrals, and patient compliance. Limited subgroup
sizes precluded exploration of the influence that race/ethnicity and socioeconomic status on
risk of death by comorbidity. Abstractors reviewed records from both hospital and physician
offices, but not all physician offices. Residual confounding may also be an issue; although
women with severe comorbidity may have been less likely to receive chemotherapy than
women with no or less severe comorbidity, the main analysis was adjusted for differences

in receipt of guideline concordant treatment. Analyses do not include dose-intensity, specific
regimen of chemotherapy, or completion of planned chemotherapy, so the extent to which
these factors may have played a role is uncertain. Inclusion of comorbidity measures into
future randomized clinical trials will facilitate exploration into the effect of comorbidity
severity and chemotherapy dose intensity on outcomes. Regarding the ACE-27, we obtained
severity of comorbid conditions but possible misclassification may still exist with medical
records as the sole source of information. Moreover, data were collected years after breast
cancer diagnosis, medical records were either destroyed or not accessible for approximately
20% of sampled cases, and small numbers in some sub-categories may have limited power
to detect differences in care. Finally, use of death certificate files and linkage with the
National Death Index to identify cause of death, may have led to some misclassification,
including classifying other causes of cancer death as breast cancer death.

In conclusion, for patients age 70 and older with severe comorbidity, we found higher hazard
of breast cancer-related death, even after adjusting for race/ethnicity, tumor characteristics,
and treatment. Furthermore, it appeared that the benefit of guideline concordant
chemotherapy was greater in younger persons and those without severe comorbidity. Current
NCCN guidelines state that “there are limited data to make chemotherapy recommendations
for those > 70 years old” and “treatment should be individualized with consideration of
comorbid conditions” [29]. We provide data indicating that, compared to women with no
comorbidity, patients with breast cancer age 70 and older with severe comorbidity are at
increased risk of dying from breast cancer, even after adjustment for guideline concordant
adjuvant chemotherapy and other tumor and treatment differences. These findings support
use of guideline-concordant adjuvant chemotherapy in women with early stage breast

cancer with comorbidity at mild and moderate levels, but raise questions about whether
older women and women with severe comorbidity may derive less benefit from adjuvant
chemotherapy, and whether higher thresholds of risk may be needed to justify use of
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adjuvant chemotherapy in patients with severe comorbidity and patients who are age 70 and
older. This information, the fact that data supporting use of adjuvant chemotherapy in older
women is limited to those healthy enough to participate in clinical trials [30], and toxicity
concerns even in healthy older women, adds to the risk—benefit discussion and emphasizes
the need for further study to clarify the role of adjuvant chemotherapy for breast cancer in
older women.
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B-1. Non-cancer death rate (%), all ages by comorbidity
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Fig. 1.

Five-year cumulative cause-specific death rate (%) by age and comorbidity.
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