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Abstract
Background—Older women with early-stage breast cancer experience higher rates of non—breast
cancer-related death. We examined factors associated with cause-specific death in a large cohort of
breast cancer patients treated with extended adjuvant endocrine therapy.

Methods—In the MA.17 trial, conducted by the National Cancer Institute of Canada Clinical Trials
Group, 5170 breast cancer patients (median age = 62 years; range = 32–94 years) who were disease
free after approximately 5 years of adjuvant tamoxifen treatment were randomly assigned to
treatment with letrozole (2583 women) or placebo (2587 women). The median follow-up was 3.9
years (range = 0–7 years). We investigated the association of 11 baseline factors with the competing
risks of death from breast cancer, other malignancies, and other causes. All statistical tests were two-
sided likelihood ratio criterion tests.

Results—During follow-up, 256 deaths were reported (102 from breast cancer, 50 from other
malignancies, 100 from other causes, and four from an unknown cause). Non—breast cancer deaths
accounted for 60% of the 252 known deaths (72% for those ≥70 years and 48% for those <70 years).
Two baseline factors were differentially associated with type of death: cardiovascular disease was
associated with a statistically significant increased risk of death from other causes (P = .002), and
osteoporosis was associated with a statistically significant increased risk of death from other
malignancies (P = .05). An increased risk of breast cancer—specific death was associated with lymph
node involvement (P < .001). Increased risk of death from all three causes was associated with older
age (P < .001).

Conclusions—Non—breast cancer-related deaths were more common than breast cancer—
specific deaths in this cohort of 5-year breast cancer survivors, especially among older women.

Overall survival is the most important therapeutically relevant outcome for cancer patients
(1,2). Consideration of death from all causes among patients with breast cancer assumes that
death is a sequela of breast cancer or its management. High treatment-related mortality or the
presence of disease at death would justify combining non—breast cancer-related and breast
cancer—specific deaths and a consideration of all-cause mortality. However, with increasing
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rates of early detection of breast cancer and improved therapies for breast cancer (3,4), more
patients are expected to survive breast cancer and to be at risk of death from non—breast cancer-
related causes. The risk of death from another cause that is unrelated to either breast cancer or
its therapy is termed a competing risk of death. Different prognostic and predictive factors
(5-7) may affect the type of competing death observed. For example, a woman with a HER2/
neu-positive tumor would have a high risk of breast cancer death. However, a HER2/neu-
positive tumor predicts response to targeted therapy with trastuzumab, and so she may survive
breast cancer to die from another cause, especially if, for example, she was already at
substantially higher risk of cardiovascular death. In general, a patient with breast cancer may
develop non—breast cancer-related illnesses before, concurrent with, or after a diagnosis of
breast cancer (8-19). The risk of death from other causes increases with age, as does the risk
of having hormone receptor—positive breast cancer. Consequently, trials evaluating hormonal
therapy that are open to patients of all ages with breast cancer may include more older women
who are likely to die without a recurrence of breast cancer (16).

When a patient dies from another cause, it is, of course, unknown whether she might otherwise
have died from breast cancer (8). Breast cancer—specific survival determined by a Kaplan—
Meier analysis (13,14,16-19) may be substantively biased by the presence of an increased risk
of death from other causes because, in that analysis, those who have died are assumed still to
be able to die from breast cancer. An accurate proportion of deaths is obtained for a given time
period with the cumulative incidence of each type of death (13,15-18). However, cumulative
incidence may not accurately indicate treatment effect on risk of breast cancer death if the
treatment also affects the risk of a competing cause of death (10,13,14,17-19).

In general, factors affecting death from all causes and from breast cancer—specific death are
ascertained separately, with a comparison of whether the same factors statistically significantly
affect both types of death. The number of deaths from all causes would usually contain a high
proportion of breast cancer—specific deaths. Another approach to ascertaining differences by
cause of death is to separately examine and compare the factors with statistically significant
effects on different types of cause-specific death.

Lagakos (9) proposed a pragmatic framework to test whether various factors are differentially
associated with cause-specific deaths. In this competing risk study, we considered death from
breast cancer, other malignancies, and causes other than cancer for the 5170 breast cancer
patients in the National Cancer Institute of Canada Clinical Trials Group (NCIC CTG) MA.
17 trial. In this trial, patients who were disease free after about 5 years of tamoxifen treatment
were randomly assigned to treatment with placebo or the aromatase inhibitor letrozole as an
extended adjuvant hormonal therapy. There was no upper age restriction for enrollment to the
trial; the median age at randomization was 62 years (20). Consequently, there was a substantial
risk of death from a non—breast cancer cause (15,21). The large population of 5-year survivors
in the MA.17 trial, which also included older women, was well suited to examination of the
risk of non—breast cancer deaths and the factors associated with this risk; we examined the
association of 11 baseline trial factors on the competing risks of death.

Patients and Methods
Patients

MA.17 was a randomized double-blind, placebo-controlled trial among women who had had
breast cancer but were free of breast cancer after approximately 5 years of tamoxifen therapy.
The goal of the trial was to evaluate maintenance endocrine therapy with letrozole (2.5 mg
orally daily) versus placebo (orally daily), given for a period of 5 years (20). Criteria for
eligibility in the trial included previous adjuvant tamoxifen therapy lasting 4.5–6 years;
histologically confirmed primary breast cancer; a tumor that was estrogen receptor positive,
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progesterone receptor positive, or both (defined by a receptor level of 10 fmol/mg of protein
or a positive result on immunohistochemical analysis of estrogen receptor or progesterone
receptor); discontinuation of tamoxifen therapy less than 3 months before enrollment; an
Eastern Cooperative Oncology Group performance status of 0, 1, or 2 (scored on a scale of 0–
4, with lower scores indicating better function); a life expectancy of

CONTEXT AND CAVEATS

Prior knowledge

Deaths of older women diagnosed with breast cancer are often due to causes other than
breast cancer.

Study design

Prospective study of data from a large randomized trial of breast cancer patients treated
with extended adjuvant endocrine therapy.

Contribution

Deaths from non—breast cancer causes were more common than breast cancer—related
deaths, especially in older women. Cardiovascular disease at baseline was associated with
a statistically significant increased risk of death from other causes. Osteoporosis at baseline
was associated with increased risk of death from other malignancies.

Implications

Medical attention to the potential for death from other causes becomes increasingly
important in older patients with breast cancer.

Limitations

The patient population was not representative of all breast cancer patients; it contained
patients with hormone receptor—positive disease who were at low risk of recurrence and
were disease free after 5 years of tamoxifen treatment. Younger women, who tend to have
hormone-receptor negative disease and shorter survival, were excluded from this trial.

more than 5 years; and postmenopausal status. Women were defined as being postmenopausal
if they were at least 50 years of age at the start of adjuvant tamoxifen therapy, were younger
than 50 years but considered to be postmenopausal by their treating physician at the initiation
of tamoxifen therapy, were younger than 50 years at the start of tamoxifen therapy but had
undergone bilateral oophorectomy, were premenopausal and younger than 50 years at the start
of tamoxifen therapy but became amenorrheic during chemotherapy or treatment with
tamoxifen, or were any age but had postmenopausal levels of luteinizing hormone or follicle-
stimulating hormone before enrollment in the study. Patients with unknown hormone receptor
status were eligible if an effort had been made to determine the receptor status of the primary
tumor. Patients were stratified according to tumor hormone receptor status (unknown or
estrogen receptor positive and/or progesterone receptor positive), lymph node status (negative,
unknown, or positive), and previous adjuvant chemotherapy (no or yes). The MA.17 trial was
led by the NCIC CTG and included The Breast Cancer Intergroup of North America and the
Breast International Group. Each participating institution’s ethics review board approved the
study protocol. All centers followed good clinical practice guidelines. All patients gave written
informed consent. Data were received, reviewed, and analyzed by the NCIC CTG, the study
chairman (PEG), and the steering committee.

A total of 5187 patients free of breast cancer were randomly assigned to treatment with letrozole
(2593 women) or placebo (2594 women). The study population for the current analyses was
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5170 patients—2583 patients treated with letrozole and 2587 patients treated with placebo.
Patients were unblinded at a median 2.4 years of follow-up because of statistically significantly
better disease-free survival observed among patients in the letrozole arm (20). Of the 2587
women assigned to placebo, 2383 were alive at unblinding and 1579 (66%) were confirmed
to have started letrozole. In this analysis, the use of letrozole and placebo refers to the
assignment at randomization.

Events
The primary objective of MA.17 was to evaluate the relationship between letrozole treatment
and disease-free survival. Disease-free survival was defined as the time between random
assignment to treatment and breast cancer recurrence or the development of contralateral breast
cancer; deaths from other causes were censored. A secondary endpoint was all-cause mortality,
which was defined as the time between random assignment to treatment and death from any
cause; this endpoint had been previously assessed with a stratified Cox proportional hazards
analysis (20).

For these investigations, we considered time to death for the following cause-specific
classifications: death from breast cancer, death from other malignancies, and death from other
causes. The median follow-up was 3.9 years (range = 0–7 years). Patients were censored at
time of death for a competing risk or at the date of their last evaluable follow-up. Data on all
deaths were medically reviewed at NCIC CTG Central Office by the MA.17 Physician
Coordinator (LS), who consulted with the study chairman and the steering committee (20).
Autopsy was not mandatory.

Statistical Analyses
The potential for substantial competing risks was ascertained with plots of the times of death
from breast cancer, other malignancies, and other causes. That is, substantial competing risks
would exist for breast cancer if deaths from other malignancies and/or other causes occurred
before or in the same period as deaths from breast cancer. The indication of substantial
competing risks of death from other malignancies and death from other causes with death from
breast cancer in preliminary analyses then prompted us to use the Lagakos method (9) to
determine whether there were differential associations between various factors and types of
death, under the assumption of independent cause-specific risks. The associations of each factor
with each cause of death were examined in a model that included all of the factors (the “full-
factor” model). For these investigations, we examined 11 baseline MA.17 factors: 1) treatment
(placebo vs letrozole), 2) age (in years), 3) menopausal status [<50 years or missing vs ≥50
years (20)], 4) duration of previous tamoxifen treatment [≤5 years or missing vs >5 years
(20)], 5) adjuvant radiotherapy (no or missing vs yes), 6) bone fracture (no or missing vs yes),
7) reported baseline diagnosis of osteoporosis (no or missing vs yes), 8) reported baseline
cardiovascular disease (no or missing vs yes), and the stratification factors of 9) hormone
receptor status (unknown vs yes), 10) lymph node status (negative vs unknown vs positive),
and 11) adjuvant chemotherapy (no vs yes).

Three hypotheses (H1, H2, and H3) were tested in this analysis. The first hypothesis, H1, states
that the factor under investigation does not affect the type or time to death, that is, βBC =
βOM = βOC = 0, as tested with a likelihood ratio criterion that has an approximate chi-square

distribution with , where β is the cause-specific effect of one of the 11 baseline
factors listed above, BC is breast cancer, OM is other malignancies, and OC is other causes.
If H1 was not rejected, then we stopped testing because there was no evidence that the factor
was associated with mortality. If H1 was rejected, then we tested the second hypothesis, H2,
which states that the factor has the same effect for all three types of death, that is, βBC =
βOM = βOC, as tested with a likelihood ratio criterion that has an approximate chi-square
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distribution with . If H2 was rejected, then there was evidence that the factor was
differentially associated with the three causes of death and we should assess each factor
separately for cause-specific mortality; we reported values for β with its 95% confidence
interval (CI), which are based on the assumption that β has an approximately normal
distribution. If H2 was not rejected, then there was evidence of a common effect on all types
of death, which was tested by the third hypothesis, H3 (9). H3 states that an association exists
between the factor and all-cause mortality. Because no such factor was identified in this
analysis (ie, H2 was rejected), H3 was not considered further.

Assessment of competing risks by this approach used a log-normal survival analysis. For more
than 50 years, the log-normal analysis has been found to be an appropriate parametric model
for breast cancer data (22). For the log-normal analysis (23), the natural logarithm of survival
time, Y = ln(t), is a linear function, Y = α + Σβjzj + σW, where σ is a scale parameter; for the
log-normal model, W is the standard normal distribution, zj is the jth baseline factor, j takes
values 1–11 corresponding to the 11 baseline factors listed above, and βj is the effect of the
jth baseline factor on mortality. Fourteen patients had no follow-up time in the study; these 14
patients were assigned 1 day of follow-up for analytic purposes so that logarithms of their
survival time could be obtained.

The appropriateness of the log-normal model was examined graphically with density, hazard,
and quantile plots (23) and with both the Akaike information criterion (24) and the Schwarz
Bayesian criterion (25). Cox-Snell (26) and standardized residual (23) plots with the factors in
the “best factor” model were used to examine the fit and data support for the model type. The
choice of a log-normal model was consistent with the data from the extended adjuvant
endocrine setting with time measurement beginning after about 5 years of primary therapy with
tamoxifen.

We also examined the effects of the factors with separate cause-specific (breast cancer, other
malignancies, or other causes) multivariable analyses by use of the log-normal model. The
factor treatment (letrozole or placebo) and three stratification factors (hormone receptor status,
lymph node status, and adjuvant chemotherapy) were always included in the log-normal cause-
specific models to account for MA.17 design structure. All other factors (age, menopausal
status, duration of previous tamoxifen treatment, adjuvant radiotherapy, bone fracture, reported
baseline diagnosis of osteoporosis, and reported baseline cardiovascular disease) and
interactions between treatment and each baseline factor were considered in stepwise forward
regression analyses, with the inclusion of a factor if it had a P value of .05 or less as required
by the test statistic—the two-sided likelihood ratio criterion has an approximate chi-square

distribution with . The β value of the log-normal model permitted direct
calculations of the percentage of survival for specific patient characteristics at a particular time
(22); we report values of β with their 95% confidence intervals, which are based on the
assumption that β has an approximately normal distribution. We used this technique to
determine the 5-year survival from breast cancer for patients with specific characteristics:
women who were hormone receptor positive; who were treated with letrozole and with adjuvant
chemotherapy; and who were aged 50, 70, or 80 years and were either lymph node negative
or lymph node positive. All statistical tests were two-sided. Similar results were obtained in
reanalyses with both Cox and Weibull survival analyses (data not shown).

Results
Follow-up ended on October 9, 2005, with a median of 3.9 years (range = 0–7 years ). The rate
of censoring was 95.0%, with 256 deaths (102 from breast cancer, 50 from other malignancies,
100 from other causes, and four from unknown causes) (Table 1). One (2%) of the 50 women

Chapman et al. Page 5

J Natl Cancer Inst. Author manuscript; available in PMC 2009 September 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



classified as having died from other malignancies also had a recurrence of breast cancer. Of
the 100 women who were classified as having died from other causes, two also had a local
regional recurrence of breast cancer, two had contralateral breast cancer, and seven had distant
metastases.

Non—breast cancer deaths accounted for 60% of known deaths (72% for those 70 years or
older at study entry and 48% for those younger than 70 years). When the time of death was
plotted against the type of death for women in both study arms who were younger than 70 years
at study entry and for those who were 70 years or older, the time periods overlapped throughout
follow-up for death from breast cancer, other malignancies, and other causes for both age
groups and both trial arms (Fig. 1). These results thus provide evidence of substantial
competing risks for both younger and older women, in that there would be a sizable risk of non
—breast cancer death before breast cancer death.

Results of the competing risks analysis are presented in Table 2 for the 11 baseline trial factors.

The factors age (from hypothesis H1, ; P < .001), cardiovascular

disease (from hypothesis H1, ; P = .02), and lymph node status (from

hypothesis H1, ; P < .001) were statistically significantly
associated with death. There was weak evidence of an effect associated with a baseline report

of osteoporosis (from hypothesis H1, ; P = .07). The remaining
seven factors were not statistically significantly associated with breast cancer—specific death,
death from other malignancies, or death from other causes: treatment (alone, without
consideration of interactions with other factors), menopausal status, length of tamoxifen use,
adjuvant radiotherapy, bone fracture, hormone receptor status, and adjuvant chemotherapy.

Age was strongly and statistically significantly associated with death (from hypothesis H1,

; P < .001) (Table 2). Older age was associated with statistically
significantly increased mortality from all three causes of death (Table 3), with the strongest
evidence of association being for death from other causes (from hypothesis H2,

; P = .01) (Table 2): breast cancer death (P = .02), death from other
malignancies (P < .001), and death from other causes (P < .001) (Table 3). These results
paralleled those in a cause-specific stepwise multivariable model, with older age (in years) at
trial entry being associated with increased risk of death from breast cancer (effect β = -0.02,
95% CI = -0.04 to 0.0, with the confidence interval based on the assumption that values for
β have an approximately normal distribution; P = .003, on the basis of the likelihood ratio
criterion for factor effect in a stepwise model [ ]), from other malignancies (effect β = -0.04,
95% CI = -0.06 to -0.02; P < .001), and from other causes (effect β = -0.06, 95% CI = -0.08 to
-0.04, P < .001) (Table 4).

Lymph node status was also strongly and statistically significantly associated with death (from

hypothesis H1, ; P < .001) (Table 2). Lymph node involvement
was associated with an increased risk of death from breast cancer, multivariable effect (effect
β = -0.37, 95% CI = -0.51 to -0.23; P < .001) (Table 3), and was not associated with death from
other malignancies or other causes (in stepwise modeling, effect β = -0.05, 95% CI = -0.19 to
0.09, P = .50; and effect β = -0.11, 95% CI = -0.25 to 0.03, P = .13) (Table 4).

A baseline report of osteoporosis was differentially associated with death (for hypothesis H2,

; P = .03) (Table 2), with a reduction in breast cancer deaths (effect
β = 0.32, 95% CI = -0.06 to 0.7, P = .07), and increase in other malignancies (effect β = -0.33,
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95% CI = -0.65 to -0.01, P = .05) (Table 3). However, a baseline report of osteoporosis was
not included in any multivariable cause-specific stepwise model (Table 4) because it was not
statistically significantly associated with survival.

A baseline report of cardiovascular disease was differently associated with mortality (for

hypothesis H2, ; P = .02) (Table 2), leading to greatly increased risk
of death from other causes (effect β = -0.46, 95% CI = -0.76 to -0.16, P = .002) (Table 3). The
association between treatment and cardiovascular disease was included in the stepwise
multivariable model for death from other causes (interaction effect β = -0.68, 95% CI = -1.06
to -0.30, P < .001) (Table 4). Treatment with letrozole was associated with a lower risk of death
from other causes if cardiovascular disease was absent at baseline; with cardiovascular disease,
treatment with placebo was associated with a lower risk of death from other causes (P < .001).
The interaction effect between treatment and baseline report of cardiovascular disease was
substantiated with two alternate survival analyses (P < .001 with both Cox and Weibull survival
analysis models).

There was also a statistically significant association between trial therapy and length of
previous tamoxifen use for breast cancer (interaction effect β = 0.29, 95% CI = -0.01 to 0.59,
with the confidence interval based on the assumption that values for β have an approximately
normal distribution; P = .05, from the likelihood ratio criterion for the interaction effect in a
stepwise model [ ]) (Table 4). Specifically, letrozole showed greater benefit in terms of
lower risk of breast cancer mortality for those who had received more than 5 years of tamoxifen,
and placebo was of greater benefit with lower risk of breast cancer mortality for those receiving
5 years or less of tamoxifen treatment.

The breast cancer model (Table 4) was used to provide 5-year survival of breast cancer for a
group of patients with selected characteristics that were indicated by the results and an adjuvant
chemotherapy question of interest (Table 5): patients who received letrozole, were estrogen
and/or progesterone receptor positive, and had received adjuvant chemotherapy. A 50-year-
old woman would be expected to have a breast cancer mortality rate of 1% (95% CI = 0% to
34%) if her breast cancer was lymph node negative or 4% (95% CI = 0.01% to 5.9%) if it was
lymph node positive. A 70-year-old woman would have breast cancer mortality rates of 2%
(95% CI = 0% to 46%) and 8% (95% CI = 0.03% to 70%), respectively, and an 80-year-old
woman would have mortality rates of 3% (95% CI = 0.01% to 52%) and 10% (95% CI = 0.06%
to 75%), respectively.

Discussion
We found that non—breast cancer-related deaths were more common than breast cancer—
related deaths in this cohort of 5-year breast cancer survivors, accounting for 60% of known
deaths (72% for those 70 years or older and 48% for those younger than 70 years). Two baseline
factors had different associations by type of death: cardiovascular disease was associated with
a statistically significant increased risk of death from other causes (P = .002), and osteoporosis
was associated with a statistically significant increased risk of death from other malignancies
(P = .05). An increased risk of breast cancer—specific death was associated with lymph node
involvement (P < .001). Increased risk of death from all three causes was associated with older
age (P < .001). A 50-year-old woman on letrozole who had an estrogen receptor— and/or
progesterone receptor—positive tumor and had received adjuvant chemotherapy would be
expected to have a breast cancer mortality rate of 1% if her breast cancer was lymph node
negative or 4% if it was lymph node positive. A 70-year old woman would have breast cancer
mortality rates of 2% and 8%, respectively, and an 80-year-old woman would have breast
cancer mortality rates of 3% and 10%, respectively. Optimal management and prevention of
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non—breast cancer-related illness are therefore important for patients with early-stage breast
cancer, particularly for older women.

Routine use of screening mammography and improved therapeutic management of breast
cancer, especially with generally well-tolerated hormonal therapy or biologic agents, will mean
that more women will survive breast cancer to older ages, at which they might have a higher
risk of death from causes other than breast cancer. Consequently, one has to think beyond
clinical trial assessments of overall survival because assessment of a patient’s likelihood of
dying from breast cancer or treatment-related sequela will be confounded by the existence of
competing risks of death (8-19). It becomes important at a general societal level to consider
relative survival from breast cancer, which takes into account other risks of mortality in the
population at large. In this study, we analyzed the available information from the MA.17 trial
about dying from breast cancer, another malignancy, or causes other than cancer. Better
ascertainment and understanding the risk of death from breast cancer versus the risk of death
from other causes should be useful in selecting the most appropriate therapeutic management
for individual patients.

We reported the results of competing risks analyses for the NCIC CTG MA.17 trial, a double-
blinded, placebo-controlled multicenter trial that evaluated the use of maintenance hormonal
therapy with 5 years of letrozole therapy among patients with breast cancer who have had no
recurrence during approximately 5 years of adjuvant tamoxifen therapy (20). This trial was a
particularly good setting in which to investigate competing risks of death because of the trial
entry requirement that the breast cancer be hormone receptor positive (a characteristic more
common with increasing age), the shift in follow-up to a period 5 years later than primary
adjuvant therapy, and no upper age restriction for the trial. Women who were accrued to MA.
17 thus would be at higher risk for non—breast cancer death (15,21), and 26% of them were
at least 70 years of age.

This study had several limitations. All patients with hormone receptor—negative breast cancer,
and thus poorer prognosis, were excluded from this trial. The excluded women were generally
younger than those included in the trial. Women accrued to MA.17 were also at lower risk of
recurrence than women with newly diagnosed breast cancer because they had to be disease
free after 5 years of treatment with tamoxifen; 95% of patients had survived a median of 3.9
years on trial. Determination of cause of death was predominantly with clinical reports because
no autopsy was mandated; however, there was an indication of competing risks from the
overlapping occurrence of breast cancer, other malignancies, and other causes of death for
women of all ages. Only 2% of women who were deemed by medical review to have died with
other malignancies and 9% of those who died from other causes were reported to have had
distant metastases or contralateral breast cancer. The potential for confounding with multiple
concurrent causes of death was low, and the number of patients was too small to consider deaths
from multiple causes separately. The assignment of deaths to other malignancies or to other
causes when there has been breast cancer progression is conservative to the question addressed
in this work of whether the baseline MA.17 trial factors differentially influenced whether a
woman would die of breast cancer, other malignancies, or other causes. The focus of this report
was the pragmatic assessment of factors associated with the three types of death. An indication
of similar associations would have supported the standard approach of including all types of
death and determining the factors affecting overall survival. We cannot extend our results to
breast cancer patients of all ages, patients with receptor-negative disease, or even similar
patients with other lengths of follow-up.

Another limitation is that the observation that letrozole treatment did not statistically
significantly improve overall survival in the MA.17 trial (20) may have resulted from
unblinding the MA.17 trial at a median follow-up of 2.4 years because of statistically
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significantly better disease-free survival among women treated with letrozole than among those
treated with placebo. All patients were offered letrozole treatment, and most patients in the
placebo arm accepted that offer. Of the 2587 women assigned to placebo, 2383 were alive at
unblinding, and 1579 (66%) of the 2383 women were confirmed to have started letrozole
treatment.

Another possible reason for letrozole not impacting overall survival might be the operation of
competing risks of death, with factors differentially affecting different causes of death.
Associations between each factor and the outcomes were examined in the presence of all other
factors assessed, so that the indication that older age was associated with statistically
significantly increased risk of death from all causes (P < .001) was obtained from an analysis
that also included, for example, lymph node status, treatment modalities, and indicators of a
woman’s baseline health status. We examined the effect of age continuously in years because
both underlying risk of death and anticipated hormone responsiveness to letrozole were
expected to increase with age. This study’s results reflected the full population of the MA.17
trial, with a median age of 62 years, who at baseline were disease free after 5 years of tamoxifen
treatment. Cause-specific multivariable results support the competing risk assessments in that
the older women had higher mortality from breast cancer (P = .003), from other malignancies
(P < .001), and from other causes (P < .001) than younger women.

Lymph node involvement was also associated with statistically significantly increased
mortality (P < .001), especially from breast cancer—specific death (P < .001), with a possible
trend to shorter survival from other causes of death (P = .13). This result is consistent with a
previous report (20) that letrozole treatment was statistically significantly associated with
improved overall survival only among lymph node—positive patients. However, neither
letrozole treatment by itself nor the combination of treatment and lymph node status was
statistically significantly associated with mortality. Consequently, the association between
lymph node status and other causes of death should be reexamined after longer follow-up.

A report of baseline osteoporosis was differentially associated with the type of death (P = .03)
—that is, with fewer breast cancer deaths and more deaths from other malignancies. It is
possible that women with osteoporosis at baseline were treated with bisphosphonates, which
reduced breast cancer mortality. However, additional studies are required to examine this
possibility.

The baseline presence of cardiovascular disease was also differentially associated with
mortality (P = .02), with a greatly increased risk of death from other causes. In multivariable
analyses, a treatment interaction was found with cardiovascular disease and a detrimental affect
was observed with letrozole administration (P < .001) among patients who had cardiovascular
disease at baseline. Baseline reporting, however, was not verified, and so this association
should be examined more thoroughly, perhaps with adjudication, in other trials evaluating
aromatase inhibitors.

Finally, we found a treatment interaction with length of previous tamoxifen use (P = .05)—
patients who had used tamoxifen for more than 5 years benefited more from letrozole treatment
than those who had used it for less than 5 years. It is not clear whether this association is an
artifact related to confounding because patients with longer adjuvant tamoxifen therapy had
events during the pretrial period and were not included in this study or whether letrozole
treatment was associated with improved survival among patients who were beginning to
experience an estrogenic effect (ie, have increased levels of estrogen) from longer tamoxifen
usage. Elimination of the apparent differences between letrozole and placebo groups after 2.5
years of letrozole treatment may be attributed to the substantive crossover of original placebo
patients who began to use letrozole.
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In summary, in the maintenance adjuvant endocrine phase of follow-up in the MA.17 trial,
older women had increased mortality, with a particularly strong (P < .001) association with
death from other causes. The association between increased risk of death from other causes
among women with baseline cardiovascular disease (P < .001) requires further study. Letrozole
treatment was associated with decreased mortality among women who were treated for more
than 5 years with tamoxifen (P = .05). Further, the increased mortality related to lymph node
involvement appeared to be strongly associated with breast cancer—specific death. Although
older women had a higher risk of dying from non—breast cancer causes, the reduced level of
relapse with letrozole therapy was similar in younger and older patients, further supporting
consideration of extended adjuvant endocrine therapy with letrozole for older women. Results
of this study point out that medical attention to the potential for death from other causes
becomes increasingly important in older populations of patients with breast cancer.
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Fig. 1.
Time of death by type of death, age group, and therapy group. A) Age group younger than 70
years. B) Age group 70 years or older. Type of event: 1 = death from breast cancer; 2 = death
from other malignancy; 3 = death other than cancer. Open circles = letrozole treatment group;
solid circles = control group.
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Table 5
Five-year breast cancer survival of patients with early breast cancer treated with letrozole by age: a log-normal
model*

Age Lymph node status Survival†, % (95% CI)

50 y Negative 0.99 (0.66 to 1.00)

Positive 0.96 (0.41 to 0.9999)

70 y Negative 0.98 (0.54 to 1.00)

Positive 0.92 (0.30 to 0.9997)

80 y Negative 0.97 (0.48 to 0.9999)

Positive 0.90 (0.25 to 0.9994)

*
Patients were estrogen and/or progesterone receptor positive and had received adjuvant chemotherapy. CI = confidence interval.

†
Survival was based on the log-normal breast cancer model in Table 3.
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