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Abstract
Background—Although the efficacy of adjuvant chemotherapy in prolonging survival for women
with breast cancer has been well documented, limited population-based information is available on
the actual use of chemotherapy.

Objective—To examine the relationship between age and chemotherapy use.

Design—Cohort study.

Setting—New Mexico.

Patients—5101 women 20 years of age or older receiving a diagnosis of stage I, stage II, or stage
IIIA breast cancer from 1991 through 1997.
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Measurements—Pattern of chemotherapy use by age; logistic regression analysis to generate the
odds and probabilities of receiving chemotherapy; and sensitivity analysis to estimate potential
effects of unmeasured confounders.

Results—Overall, 29% of women received chemotherapy. The rate of chemotherapy use for women
with stage I, stage II, or stage IIIA breast cancer was 11%, 47%, and 68%, respectively. Across all
tumor stages, the use of chemotherapy decreased substantially with increasing age (P < 0.001).
Overall, 66% of women younger than 45 years of age received chemotherapy compared with 44%
of women between 50 and 54 years of age, 31% of women between 55 and 59 years of age, and 18%
of women between 60 and 64 years of age. The decreasing pattern of chemotherapy use with age
continued after adjustment for prognostic factors and was relatively insensitive to changes in
unmeasured factors.

Conclusions—There is considerable discrepancy between the 1990 National Institutes of Health
Consensus Conference recommendations for chemotherapy administration in women with breast
cancer and the actual use of chemotherapy in the community. The decrease in use with age may relate
to the decreasing efficacy of chemotherapy with age, as reported in clinical trials. Outcomes studies
should address whether the recommendations are overly aggressive or whether practicing oncologists
are too conservative in their use of chemotherapy.

Although the efficacy of chemotherapy in prolonging survival for women with breast cancer
has been well documented (1–12), limited population-based information is available on the
actual use of chemotherapy. Some hospital-based surveys of breast cancer have examined the
use of chemotherapy (13–15), but the completeness of information has been questioned
because chemotherapy is frequently administered in outpatient settings.

The evolution of recommendations about the use of adjuvant chemotherapy in women with
early breast cancer is illustrated by the National Institutes of Health (NIH) consensus
development conferences (1,3,12). In 1985, the consensus conference recommended
chemotherapy for premenopausal women with lymph node–positive cancer (1). By 1990, the
consensus conference recommended chemotherapy for both premenopausal and
postmenopausal women with lymph node–positive cancer and for women with cancer confined
to the breast but with poor prognostic features, such as large size or negative hormone receptor
status (3). The 2000 consensus conference extended the recommendation of chemotherapy to
premenopausal and postmenopausal women with node-positive tumors or with node-negative
tumors greater than 1 cm in size, regardless of hormone receptor status (12).

Because limited information is available from clinical trials of chemotherapy in women 70
years of age and older, none of the consensus conferences made specific recommendations for
that age group, other than to invoke individual decisions based on clinical circumstances and
patient preferences. We recently reported on chemotherapy use in women age 65 years and
older by using the Surveillance, Epidemiology, and End Results (SEER) tumor registry data
linked to Medicare data (16,17). As expected, chemotherapy use sharply decreased in women
older than 70 years of age, and women with higher-stage, larger, or estrogen receptor–negative
tumors were more likely to receive chemotherapy (16,17).

We review the use of chemotherapy in women residing in New Mexico who were 20 years of
age or older and received a diagnosis of breast cancer between 1991 and 1997. We hypothesized
that chemotherapy use would not vary by age in women younger than 65 years of age who
have tumor characteristics for which chemotherapy is generally recommended. Furthermore,
we hypothesized that use of chemotherapy would vary by age with highest use in younger
women (<45 years of age) among women who had tumors with characteristics for which no
clear consensus recommendations had been made.
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Methods
Data Source

The New Mexico Tumor Registry is a statewide, population-based tumor registry that was
established in 1966; it is one of the seven original members of the SEER registry (18). New
Mexico residents who are given a diagnosis and treated at facilities outside the state are
identified through data exchange with surrounding state registries in Colorado, Arizona, Utah,
and Texas; in addition, information is obtained from the New Mexico Bureau of Vital Records
and Health Statistics and from pathology laboratories and hospitals that operate close to New
Mexico borders (19).

Patients
We examined data on 5101 patients age 20 years or older with a diagnosis of stage I, stage II,
or stage IIIA breast cancer (using the American Joint Committee on Cancer staging system)
from 1991 through 1997 (19,20). We restricted our analyses to these stages because
chemotherapy is considered the primary treatment for higher cancer stages rather than an
adjuvant treatment. The Institutional Review Boards of the University of Texas Medical
Branch and the University of New Mexico approved this study.

Chemotherapy
Information on chemotherapy was coded as follows (20): 0 = none (n = 4093); 1 =
chemotherapy, not otherwise specified (n = 158); 2 = chemotherapy, single agent (n = 34); 3
= chemotherapy, multiple agents or combination regimen (n = 1504); 4 to 6 = not used for
coding; 7 = patient or patient's guardian declined chemotherapy (n = 81); 8 = chemotherapy
recommended but actual administration unknown (n = 77); and 9 = unknown (n = 0). For our
analyses, we recoded 1, 2, 3, and 8 as having received chemotherapy; 0 and 7 were recoded as
having not received chemotherapy. The pattern of the results did not change if we recoded
category 8 as not receiving chemotherapy or if we excluded the 77 cases in category 8 from
the analysis.

Hormone Therapy
Information on hormone therapy was coded as follows (20): 0 = none (n = 3435); 1 = hormones,
not otherwise specified, including antihormones (n = 1568); 2 = endocrine surgery or endocrine
radiation (n = 5); 3 = combination of 1 and 2 (n = 0); 4 to 6 = not used for coding; 7 = patient
or patient's guardian declined hormone therapy (n = 26); 8 = hormone therapy recommended
but actual administration unknown (n = 65); and 9 = unknown (n = 2). For our analyses, we
recoded 1, 2, 3, 8, and 9 as having received hormone therapy; 0 and 7 were recoded as not
having received hormone therapy. The pattern of the results did not change if we recoded 8
and 9 as not having received hormone therapy or if we excluded the 67 cases in categories 8
and 9 from the analysis.

Statistical Analysis
Our analytical strategy had three components. First, we examined the overall and age-specific
rate (percentage) of chemotherapy use. The percentage of women receiving chemotherapy was
a ratio of the number of women who received chemotherapy to the total number of women
with a diagnosis of breast cancer. We used the Mantel–Haenszel chi-square test for trend to
obtain the change in use of chemotherapy with age (21). Second, we used multivariable logistic
regression analysis to generate the odds ratio of receiving chemotherapy in women with breast
cancer and to determine the effect of age (Table 1) on chemotherapy use. In this model, we
adjusted for race (white, black, or others), tumor stage (stage I, stage II, or stage IIIA), node
status, hormone receptor status (Table 2), whether the patient had received surgery and
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radiation therapy (categorized as breast-conserving surgery without radiation, breast-
conserving surgery with radiation, or mastectomy), and adjuvant hormone therapy use (yes or
no).

Context

National Institutes of Health consensus guidelines recommend adjuvant chemotherapy for
premenopausal or post-menopausal women with node-positive tumors or node-negative
breast tumors greater than 1 cm, regardless of hormone receptor status. The actual (and age-
specific) use of chemotherapy in women with breast cancer is unknown.

Contribution

Using data from the New Mexico Tumor Registry, these investigators show that
chemotherapy is used much less frequently than recommended and that frequency decreases
sharply with advancing age.

Implications

Since only a minority of postmenopausal women receive adequate treatment for breast
cancer, many unnecessary deaths could probably be prevented by following the National
Institutes of Health guidelines.

–The Editors

In addition to odds ratios, we generated the probabilities of receiving chemotherapy from the
parameters of the logistic regression for women with different ages by holding other factors
constant. We used the method described by Hosmer and Lemeshow.

Finally, we performed sensitivity analyses to assess the potential effects of unmeasured
confounders on the associations observed between age and chemotherapy use (23). The method
developed by Greenland (23) for dichotomous exposure and confounding variable was
expanded to accommodate the eight-level exposure variable for age groups. The prevalence of
the unmeasured confounding variable was dichotomized at different age cut-points (ages
younger than the cut-point had one prevalence rate and ages greater than or equal to the cut-
point had another). Over the different prevalence levels, the odds ratio between the unmeasured
confounder and chemotherapy ranged from 1.5 to 10.0. We then generated multivariable
logistic regression models (which included this unmeasured confounding variable) to
determine the effect of unmeasured factors on the result. All computer programming and
analyses were done by using SAS software (SAS Institute, Inc., Cary, North Carolina) (21).

Role of the Funding Source
The National Cancer Institute of the National Institutes of Health and the Sealy and Smith
Foundation funded this project but had no role in the collection, analysis, and interpretation of
the data or in the decision to submit the paper for publication.

Results
Among 5101 women with stage I, stage II, or stage IIIA breast cancer diagnosed from 1991
through 1997 in New Mexico, age at diagnosis ranged from 20 to 98 years; the mean age was
61 years. Table 1 presents the percentage of women receiving chemotherapy by tumor stage
and patient age. Overall, 29% of women received chemotherapy, and the rate of chemotherapy
use for stage I, stage II, and stage IIIA was 11%, 47%, and 68%, respectively. Across all tumor
stages, the use of chemotherapy decreased substantially with increasing age (P < 0.001 for
trend). Overall, 66% of women younger than 45 years of age received chemotherapy compared
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with 44% of women between 50 and 54 years of age, 31% of women between 55 and 59 years
of age, and 18% of women between 60 and 64 years of age. Only 12% of women between 65
and 69 years of age and 3% of those older than 75 years of age received chemotherapy.

Table 2 presents the use of chemotherapy by patient age, lymph node status, and hormone
receptor status in women with stage I, stage II, or stage IIIA breast cancer. As expected,
chemotherapy was used more often in women with node-positive tumors and women with
estrogen receptor–negative tumors. However, across all classes of tumor characteristics, use
of chemotherapy decreased substantially with age (P < 0.001 for trend). For example, in women
with node-positive and hormone receptor–positive tumors, the percentage of women who
received chemotherapy decreased as follows: 87% for women younger than 45 years of age,
67% for women 55 to 59 years of age, and 22% for women 65 to 69 years of age. Chemotherapy
use was relatively stable in women with node-positive and hormone receptor–negative tumors
who were younger than 65 years of age; however, use decreased substantially after age 65
years. In additional analyses that were stratified by node status (positive versus negative) and
by tumor size, chemotherapy use decreased with age (data not shown).

Table 3 presents chemotherapy use in relation to use of adjuvant hormone therapy (usually
tamoxifen). The percentage of women who received chemotherapy plus hormone therapy or
who received chemotherapy alone decreased with advancing age. The percentage of women
receiving hormone therapy alone increased with age. However, the overall percentage of
women with breast cancer who did not receive adjuvant therapy (neither chemotherapy nor
hormone therapy) increased substantially with age.

The Figure presents the use of chemotherapy in women with breast cancer as a function of two
variables: age and whether use of chemotherapy was clearly recommended in the 1990 NIH
Consensus Conference (based on tumor characteristics). We examined women younger than
70 years of age with 1) node-positive tumors, 2) node-negative, hormone receptor–negative
tumors larger than 1.0 cm in size, or 3) node-negative tumors of any hormone receptor status
that were greater than 3.0 cm in size. Any other tumors were categorized as having no clear
consensus recommendation, based on the 1990 Consensus Conference. As hypothesized, the
use of chemotherapy in women with tumors for which no clear chemotherapy guidelines
existed decreased sharply with age, falling to less than 10% for women 55 years of age and
older. However, we observed an almost parallel decrease in the use of chemotherapy with age
in women with tumors for which chemotherapy was generally recommended. In these women,
77.4% of those who were younger than 45 years of age received chemotherapy. In contrast,
chemotherapy was given to only 58.1% of those 55 to 59 years of age, only 37.7% of those 60
to 64 years of age, and only 25.0% of those 65 to 69 years of age.

Table 4 presents a multivariable analysis of the effect of age on the adjusted odds of receiving
chemotherapy in women with breast cancer. We then converted the parameters used to generate
odds ratios and their confidence intervals to probabilities (22). We obtained the probability of
receiving chemotherapy for each age group, holding constant race, tumor stage, node status
and hormone receptor status, surgery and radiation therapy status, and adjuvant hormone
therapy use across age groups. We observed the same pattern seen in the bivariate analyses of
declining chemotherapy use with age (Tables 1, 2, and 3 and Figure). Younger women with
breast cancer had a greater chance of receiving adjuvant chemotherapy, and, as expected,
women older than 70 years of age were least likely to be given chemotherapy.

We also conducted sensitivity analyses to estimate the potential effect of unknown confounders
on the study results. These analyses demonstrated that the relationship between age and
chemotherapy use in our large population-based setting was relatively insensitive to
confounding by unmeasured factors. For example, let us examine the following scenario: The
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prevalence of an unmeasured confounding variable is 90% in women younger than 50 years
of age and 50% in women 50 years of age or older. The odds ratio for receipt of chemotherapy
associated with this unmeasured confounder is 2.0. Thus, the adjusted odds ratio of receiving
chemotherapy for the women in the 55- to 59-year-old age group relative to women younger
than 45 years of age would be 0.25 (95% CI, 0.19 to 0.34) instead of 0.21 (CI, 0.16 to 0.29),
as shown in Table 4. However, under extreme conditions, the effect of age on chemotherapy
use could be affected. If the prevalence of an unmeasured confounding variable were 90% in
women younger than 50 years of age and 10% in women 50 years of age and older and if the
odds ratio for receiving chemotherapy associated with this unmeasured confounder were 5.0,
the adjusted odds ratio of receiving chemotherapy for the 50- to 54-year-old age group relative
to the group younger than 45 years of age would become insignificant (0.79 [CI, 0.58 to 1.07]).
Even under such extreme circumstances, the age groups 55 to 59 years of age and 60 to 64
years of age relative to the group younger than 45 years of age are still significantly associated
with decreasing use of chemotherapy. However, the significance is reduced to 0.43 (CI, 0.31
to 0.59) for women 55 to 59 years of age and reduced to 0.19 (CI, 0.14 to 0.27) for women 60
to 64 years of age compared with women younger than 45 years of age. In addition, we used
two different approaches for a small number of women with missing information on
chemotherapy and hormone therapy use: We excluded these women from the total number of
women or recorded them as not having received therapy. The results showed little difference
in the relationship between age and chemotherapy use, although overall rate of chemotherapy
use was slightly altered (data not shown).

Discussion
Our study describes the patterns of adjuvant chemotherapy use in women 20 years of age or
older with stage I, stage II, or stage IIIA breast cancer in New Mexico from 1991 through 1997.
The rates of chemotherapy use for stage I, stage II, and stage IIIA were 11%, 47%, and 68%,
respectively. Across all tumor stages, the use of chemotherapy decreased substantially with
increasing age (P < 0.001 for trend). Overall, 66% of women younger than 45 years of age
received chemotherapy compared with 44% of women 50 to 54 years of age, 31% of women
55 to 59 years of age, and 18% of women 60 to 64 years of age. In women age 65 to 69 years
and those older than 75 years, only 12% and 3%, respectively, received chemotherapy. The
decreasing pattern of chemotherapy use with age was maintained after adjustment for such
prognostic factors as node status, hormone receptor status, and other treatments received.

Although numerous studies have shown that age older than 65 years is a risk factor for
inadequate treatment of breast cancer (13–15,24–35), few studies addressed chemotherapy
(13–15). In the hospital-based reports, the rates of chemotherapy use did not vary much by age
in women younger than 65 years of age. A striking finding of our population-based study is
that, even in women younger than 65 years of age, the use of adjuvant chemotherapy
dramatically decreased with age.

Several factors may explain the decreasing use of chemotherapy with age. First, the efficacy
of adjuvant chemotherapy has been shown to decrease with age. A systematic overview of the
47 randomized trials of early-stage breast cancer by the Early Breast Cancer Trialists'
Collaborative Group showed a proportional reduction in 10-year mortality with chemotherapy
of 27% for women younger than 50 years of age, 14% for women 50 to 59 years of age, and
8% for women 60 to 69 years of age (6). The result is an absolute benefit in 10-year survival
of 7% to 11% for women younger than 50 years of age and 2% to 3% for women 50 to 69 years
of age (6). A similar pattern was seen for reduction in risk for recurrence by age groups (2,4,
6). These meta-analyses found no benefit of chemotherapy in women age 70 years and older.
On the other hand, the National Surgical Adjuvant Breast and Bowel Project (NSABP) showed
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efficacy of chemotherapy in older women, including those age 70 years and older (5,10,36);
however, the effect size was smaller in older women than in younger women.

Second, physicians and older patients who are considering chemotherapy may be concerned
about the possibility of toxicity increasing with age. However, several studies have shown that
women of different ages whose general health is otherwise satisfactory experience similar
toxicity profiles when treated with commonly used chemotherapy regimens (37–41).

Regardless of the reasons for decreased chemotherapy use with age, the result is that only a
small number of postmenopausal women are receiving chemotherapy in compliance with
consensus recommendations. The decrease in efficacy of chemotherapy with age is not
reflected in the consensus recommendations, which do not vary greatly by age for women
younger than 70 years of age (1,3,7–9,11,12). The development and dissemination of clinical
practice guidelines have been recognized as a major advance in improving quality and
decreasing variations in medical practice (42–44). Nevertheless, concerns have been raised
about the limitations of such guidelines, including how quickly they may become outdated
(42,45). Evidence-based guidelines rely on the results of clinical trials, but participants in
clinical trials do not always represent a cross-section of patients in the community. This is
especially true for trials of cancer therapies (34,46). However, information comparing the
effectiveness of chemotherapy in the community with efficacy in trials is very limited. It seems
that community oncologists and their postmenopausal patients with breast cancer often
conclude that the clinical guidelines should be ignored because of the risk–benefit profile for
chemotherapy use.

Our study has several limitations. One concern is whether the information on chemotherapy
from the SEER tumor registries is valid and complete. This information may be incomplete
because SEER does not require all medical oncologists' offices to be checked for chemotherapy
administration by the SEER data collectors (47). The SEER information may also be
incomplete because patient follow-up may not have been long enough to obtain complete
chemotherapy treatment information (20).

On the other hand, the validity of the registry data regarding chemotherapy was supported by
several internal consistencies of the data. For example, patients who might be expected to use
chemotherapy often include younger women with advanced tumor stage and women with
hormone receptor–negative tumors. The registry data confirmed this expectation. Another
example of the internal consistency of the registry data is that 96% of women younger than 45
years of age with stage IIIA breast cancer were recorded as having received chemotherapy
(Table 1). More than 71% of women 65 to 69 years of age with node-positive and hormone
receptor–negative tumors received chemotherapy; only 4% of women categorized into these
same age groups who had node-negative and hormone receptor–positive tumors received
chemotherapy (Table 2). Such internal consistency supports the validity of the information on
chemotherapy use in the New Mexico Tumor Registry. In addition, even if the tumor registry
information on chemotherapy were incomplete, it is difficult to envision how this limitation
would produce a marked decrease in chemotherapy use with age.

Another limitation of our study is that we did not investigate whether older women with breast
cancer who received chemotherapy fared any better than those who did not. In addition, we
did not have information on comorbidity. However, although comorbidity becomes an
important issue in the choice of therapy for women older than 65 years of age, it is unlikely
that the increase in comorbidity associated with age in women younger than 65 years of age is
sufficient to explain the decrease in chemotherapy use. Furthermore, we did not have
information on patient preferences and physician attitudes and preferences toward
chemotherapy use in women of different ages. We also do not have data on variation in the
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choice of chemotherapy for breast cancer at the level of the provider. A sensitivity analysis
suggested that the relationship between age and chemotherapy use in our large population-
based setting was relatively insensitive to changes in these unmeasured factors.

In conclusion, chemotherapy administration was substantially influenced by patient age and
tumor stage. Chemotherapy use declined substantially with age in women younger than 70
years of age who had tumors with characteristics for which chemotherapy was recommended
by the NIH Consensus Conference. In other words, there is a clear divergence between
consensus recommendations and clinical practice. Given the decrease in efficacy of
chemotherapy with age in the clinical trials, one could argue that our findings represent
appropriate responses of oncologists and their patients to the less favorable benefit–risk profile
in older women with breast cancer. The question of whether the recommendations are overly
aggressive or whether practicing oncologists are too conservative in chemotherapy use should
be addressed in population-based outcome studies and in studies that examine how oncologists
and their postmenopausal patients with breast cancer deal with the benefits and risks of
chemotherapy.
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Figure. Receipt of adjuvant chemotherapy as a function of age and tumor characteristics in women
with breast cancer
Women with stage I, stage II, or stage IIIA breast cancer are categorized into two groups based
on their tumor characteristics—characteristics for which the 1990 National Institute of Health
(NIH) Consensus Conference (3) generally recommended chemotherapy (n = 2486; dotted
line) and characteristics for which the consensus conference recommended decisions on an
individual, discretionary basis (n = 2615; solid line). The 2000 NIH Consensus Conference
recommended chemotherapy for all breast tumors 1.0 cm or larger in size; however, these
recommendations were made after we conducted our study. For women 70 to 74 years of age
and women 75 years of age and older, the NIH Consensus Conference made no specific
consensus recommendations on treatment with chemotherapy.
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Table 4
Multivariable Analysis for the Odds or Probability of Receiving Chemotherapy in Women with Stage I, Stage
II, or Stage IIIA Breast Cancer from 1991 through 1997 in New Mexico

Age Cases
(Total, n =
5101)

Women Receiving Chemotherapy Odds Ratio of Receiving
Chemotherapy (95%
CI)*

Probability of
Receiving
Chemotherapy (95%
CI)†

y n %

<45 770 66.0 1.00 (reference) 0.51 (0.39–0.63)
45–49 534 54.9 0.71 (0.54–0.93) 0.43 (0.31–0.55)
50–54 563 44.2 0.40 (0.30–0.52) 0.29 (0.21–0.40)
55–59 555 31.0 0.21 (0.16–0.29) 0.18 (0.12–0.27)
60–64 537 18.1 0.10 (0.07–0.13) 0.09 (0.06–0.15)
65–69 596 12.3 0.06 (0.04–0.08) 0.05 (0.03–0.09)
70–74 594 7.1 0.03 (0.02–0.05) 0.03 (0.02–0.05)
≥75 952 3.4 0.02 (0.01–0.02) 0.02 (0.01–0.03)

*
Odds ratios of having received adjuvant chemotherapy in women within various age groups compared with women younger than 45 years of age were

generated from the logistic regression model and adjusted for race, tumor stage, lymph node and hormone receptor status, and other treatments received
(see Methods section for categorization).

†
Probabilities were converted from the logistic regression model by using the method described by Hosmer and Lemeshow (22). These probabilities were

standardized to the following variables: white race, stage I tumors, having received breast-conserving surgery without radiation, node-positive and hormone
receptor–positive tumor status and having received adjuvant hormone therapy.
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