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GREAT STRIDES HAVE BEEN

made in the treatment of
early stage breast cancer. In
patients with hormone-

sensitive tumors, tamoxifen reduces the
risk of recurrence and death by more
than 30%.1 Moreover, treatment with
aromatase inhibitors in place of or se-
quentially with tamoxifen further re-
duces the risk of recurrence in post-
menopausal women with estrogen-
receptor (ER)–positive tumors.2-4

In the absence of treatment, ER sta-
tus is a weak prognostic factor, but it
is a strong predictive factor in the sense
that it identifies patients who may ben-
efit from endocrine therapy. With ap-
propriate endocrine therapy, patients
with ER-positive disease have substan-
tially better prognoses as a group than
do those with ER-negative disease.

Evidence is accumulating that im-
provements in chemotherapy dispropor-
tionately benefit patients with ER-
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Context Breast cancer estrogen-receptor (ER) status is useful in predicting benefit
from endocrine therapy. It may also help predict which patients benefit from ad-
vances in adjuvant chemotherapy.

Objective To compare differences in benefits from adjuvant chemotherapy achieved
by patients with ER-negative vs ER-positive tumors.

Design, Setting, and Patients Trial data from the Cancer and Leukemia Group B
and US Breast Cancer Intergroup analyzed; patient outcomes by ER status compared
using hazards over time and multivariate models. Randomized trials comparing (1): 3
regimens of cyclophosphamide, doxorubicin, and fluorouracil (January 1985 to April 1991);
(2) 3 doses of doxorubicin concurrent with cyclophosphamide, with or without subse-
quent paclitaxel (May 1994 to April 1997); (3) sequential doxorubicin, paclitaxel, and
cyclophosphamide with concurrent doxorubicin and cyclophosphamide followed by pa-
clitaxel, and also 3-week vs 2-week cycles (September 1997 to March 1999). A total of
6644 node-positive breast cancer patients received adjuvant treatment.

Main Outcome Measures Disease-free and overall survival.

Results For ER-negative tumors, chemotherapy improvements reduced the relative
risk of recurrence by 21%, 25%, and 23% in the 3 studies, respectively, and 55%
comparing the lowest dose in the first study with biweekly cycles in the third study.
Corresponding relative risk reductions for ER-positive tumors treated with tamoxifen
were 9%, 12%, and 8% in the 3 studies, and 26% overall. The overall mortality rate
reductions associated with chemotherapy improvements were 55% and 23% among
ER-negative and ER-positive patients, respectively. All individual ER-negative com-
parisons and no ER-positive comparisons were statistically significant. Absolute ben-
efits due to chemotherapy were greater for patients with ER-negative compared with
ER-positive tumors: 22.8% more ER-negative patients survived to 5 years disease-
free if receiving chemotherapy vs 7.0% for ER-positive patients; corresponding im-
provements for overall survival were 16.7% vs 4.0%.

Conclusion Among patients with node-positive tumors, ER-negative breast cancer,
biweekly doxorubicin/cyclophosphamide plus paclitaxel lowers the rate of recurrence
and death by more than 50% in comparison with low-dose cyclophosphamide, doxo-
rubicin, and fluorouracil as used in the first study.
JAMA. 2006;295:1658-1667 www.jama.com

1658 JAMA, April 12, 2006—Vol 295, No. 14 (Reprinted with Corrections) ©2006 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



negative tumors. The most recent meta-
analysis of randomized trials showed
that for patients aged 50 to 69 years with
ER-negative tumors and not receiving ta-
moxifen, the reduction in the risk of re-
currence due to any kind of polychemo-
therapy was 33%; and for mortality it was
26%. For patients with ER-positive tu-
mors receiving tamoxifen, the respec-
tive reductions were 15% and 11%.1 All
4 of the corresponding reductions for pa-
tients younger than age 50 years were be-
tween 32% and 39%.1 The apparent lack
of an interaction between chemo-
therapy benefits and ER status in this

younger age group may be due to the
small sample size, but also could be re-
lated to the effect of chemotherapy on
ovarian function in younger women.

The International Breast Cancer Study
Group found that among patients with
node-negative disease treated with ta-
moxifen, those with ER-negative tu-
mors received substantial benefit from a
3-cycle regimen of cyclophosphamide,
methotrexate, and fluorouracil, with a
48% reduction in the risk of recurrence
and a 49% reduction in the risk of death
from any cause. This substantial benefit
is in sharp contrast to those patients with

ER-positive tumors for whom both risks
were reduced by only 1%.5 The neoad-
juvant setting provides further support-
ive evidence: tumors without hormone
receptors are more sensitive to chemo-
therapy than are hormone-sensitive tu-
mors, with markedly higher rates of
pathological complete response.6-8

In a retrospective subset analysis, we
addressed whether node-positive breast
cancer patients with ER-negative dis-
ease benefit more from recent improve-
ments in adjuvant chemotherapy than
do those with ER-positive tumors treated
with tamoxifen. We compared disease-

Figure 1. Treatment Regimens in the 3 Studies of Chemotherapy for Node-Positive Breast Cancer
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Study 8541 had 3 treatment arms, study 9344 had a 3�2 factorial design, and study 9741 had a 2�2 factorial design.
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free and overall survival according to ER
status among patients enrolled in 3 con-
secutive randomized trials of chemo-
therapy conducted by the Cancer and
Leukemia Group B and the US Breast
Cancer Intergroup (including the East-
ern Cooperative Group, the Southwest
Oncology Group, and the North Cen-
tral Cancer Treatment Group).

METHODS
The 3 consecutive studies (8541, 9344,
and 9741) were coordinated by the
Cancer and Leukemia Group B (stud-
ies 9344 and 9741 were Intergroup
trials 0148 and C9741). The study pro-
tocols were approved by the institu-
tional review boards of the participat-
ing centers, and all patients provided
written informed consent. All 3 stud-
ies were randomized and addressed 1
or more questions related to the opti-
mal use of chemotherapy in women
with node-positive breast cancer.
Women in all arms of the 3 trials re-
ceived doxorubicin-based chemo-
therapy. Tamoxifen was not random-
ized in any of the studies but instead
was recommended for certain patient
subgroups based on the prevailing
standard of care. Each study showed a
benefit for at least 1 of the factors un-
der investigation. For the present analy-
sis, the results of all 3 studies were up-
dated as of August 16, 2005.

Clinical Trials

FIGURE 1 shows the study designs, and
TABLE 1 shows the clinical and tumor
characteristics for the 3 studies. The

studies were designed sequentially
based on the earlier studies’ results. In
particular, the treatment group with the
best results (or a slight variant thereof)
in each of the first 3 studies served as
the comparison group in the subse-
quent study.

Study 85419 involved the treatment
of 1550 patients between January 1985
and April 1991. Patients were ran-
domly assigned to 1 of 3 schedules of
cyclophosphamide, doxorubicin
(Adriamycin), and fluorouracil (CAF):
high dose (600, 60, and 600 mg/m2, re-
spectively, given in 4 cycles), moder-
ate dose (400, 40, and 400 mg/m2 in 6
cycles), or low dose (300, 30, and 300
mg/m2 in 4 cycles). The high- and mod-
erate-dose groups received the same
total dose, and the low-dose group re-
ceived half of that dose. Of patients with
ER-positive tumors, 45% received ta-
moxifen (not randomized) after che-
motherapy, and 68% of these patients
were postmenopausal. Disease-free sur-
vival and overall survival were signifi-
cantly increased in the moderate- and
high-dose groups. The median fol-
low-up at the time of our analysis was
17 years.

Study 934410 enrolled a total of 3121
patients who were treated between May
1994 and April 1997. In this 3�2 fac-
torial study, patients were randomly as-
signed to doxorubicin at a dose of 60,
75, or 90 mg/m2, given concurrently with
cyclophosphamide at a fixed dose of 600
mg/m2, with or without subsequent
treatment with paclitaxel (175 mg/m2).
Chemotherapy was given every 3 weeks

for a total of 4 cycles. Of the patients with
ER-positive tumors, 94% received ta-
moxifen at the completion of chemo-
therapy, as recommended by the pro-
tocol. Disease-free and overall survival
were significantly increased in the group
that received paclitaxel, but there was
no evidence of a relationship between
dose of doxorubicin and survival. At the
time of our analysis, the median fol-
low-up was 9 years.

Study 974111 involved the treat-
ment of 1973 patients between Sep-
tember 1997 and March 1999. All
patients received doxorubicin, cyclo-
phosphamide, and paclitaxel at respec-
tive doses of 60, 600, and 175 mg/m2.
The study had a 2�2 factorial design
to assess 2 levels of dose density (2-week
vs 3-week cycles) and 2 treatment
sequences (concurrent administration
of doxorubicin and cyclophospha-
mide followed by paclitaxel vs sequen-
tial administration of doxorubicin,
paclitaxel, and cyclophosphamide). Of
patients with ER-positive tumors,
91% received tamoxifen after chemo-
therapy. There was a significant
improvement in disease-free and over-
all survival for the dose-dense group
(2-week cycles) but no difference
depending on treatment sequence. The
median follow-up at the time of our
analysis was 6 years.

Statistical Analysis

Our primary objective was to assess the
cumulative survival benefit of chemo-
therapy improvements over time ac-
cording to ER status. We compared low-

Table 1. Clinical and Tumor Characteristics in the 3 Studies for Each Regimen and Estrogen-Receptor (ER) Status

Study Regimen

No./Total (%) of Patients*

Postmenopausal Tumor Size, �2 cm Positive Nodes, �4

ER-Negative ER-Positive ER-Negative ER-Positive ER-Negative ER-Positive

8541 Low-dose 102/189 (54) 128/154 (83) 123/187 (66) 94/153 (61) 76/189 (40) 60/154 (39)

Moderate-dose 90/178 (51) 133/155 (86) 119/177 (67) 91/154 (59) 75/178 (42) 64/155 (41)

High-dose 90/159 (57) 131/162 (81) 115/159 (72) 100/161 (62) 68/159 (43) 69/162 (43)

9344 No paclitaxel 241/640 (38) 331/871 (38) 436/639 (68) 544/866 (63) 325/639 (51) 484/871 (56)

Paclitaxel 235/623 (38) 356/901 (40) 424/621 (68) 555/893 (62) 317/623 (51) 502/900 (56)

9741 Every 3 wk 154/318 (48) 291/569 (51) 213/321 (66) 334/565 (59) 133/327 (41) 225/575 (39)

Every 2 wk 154/325 (47) 305/571 (53) 218/333 (65) 314/579 (54) 128/336 (38) 235/585 (40)
*Numerators are the numbers of patients in that group having the characteristic. Denominators are numbers of patients within ER status, study/regimen group.
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dose with high-dose CAF in study 8541,
no paclitaxel with paclitaxel in study
9344, and 3-week with 2-week cycles

in study 9741. We considered pa-
tients with ER-positive tumors only if
they received tamoxifen.

We used Kaplan-Meier methods to
determine survival according to ER
status in each of the 3 studies. Events

Figure 2. Kaplan-Meier Curves for Disease-free Survival According to Estrogen-Receptor (ER) Status in the 3 Studies
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Cumulative at-risk sample sizes over time are shown in each panel. The initial sample sizes were approximately equally divided among the groups in question. The dose
effect of doxorubicin in study 9344 and the comparison of sequential or concurrent therapy in study 9741 are not shown; neither factor was associated with disease-
free survival in unadjusted or adjusted analyses, nor were there significant differences within ER subgroups.
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included in the analysis of disease-free
survival were local, regional, and dis-
tant recurrences of breast cancer and
deaths from any cause. Confidence
intervals (CIs) for hazard ratios were
based on Cox multivariate regression
models comparing treatment groups,
adjusted for menopausal status,
number of positive axillary lymph
nodes, and tumor size (with the
square-root transformation used
for the latter 2 variables, standard
practice by the Cancer and Leukemia
Group B).

In considering the cumulative ef-
fects of chemotherapy over the 3 stud-
ies, not all pairs of therapies have
within-study comparisons. The pro-
cess of comparing therapies across
studies adds an extra level of variabil-
ity.12-14 We addressed the comparabil-
ity of similar treatments across con-
secutive studies using Cox models
within ER categories: the high-dose
CAF group in study 8541 with the no-
paclitaxel group in study 9344, and the
paclitaxel group in study 9344 with the
group treated every 3 weeks in study
9741. The cumulative hazard ratio of

improvements in chemotherapy (from
low-dose CAF in study 8541 to the ev-
ery-2-week regimens in study 9741)
was calculated as the product of the haz-
ard ratios from the individual studies.
To address statistical significance of the
differences in chemotherapy effects
for the ER-positive and ER-negative
subsets, we incorporated a chemo-
therapy/ER interaction factor in Cox
proportional hazards modeling; for the
totality of the 3 studies we also in-
cluded study as a factor. We estimated
the risks of recurrence over time ac-
cording to ER status and compared
these risks to determine which pa-
tients benefited from chemotherapy and
when these benefits occurred. All analy-
ses were conducted using JMP statis-
tical software version 5.0.1.2 (SAS In-
stitute Inc, Cary, NC); P�.05 was
considered significant.

RESULTS
Disease-free and overall survival did not
differ significantly between the group
that received high-dose CAF in study
8541 and the group that received doxo-
rubicin and cyclophosphamide with-

out paclitaxel in study 9344, after ad-
justment for covariates, including ER
status. Similarly, there were no signifi-
cant differences in survival between the
group that received doxorubicin and cy-
clophosphamide followed by pacli-
taxel in study 9344 and the groups
given chemotherapy every 3 weeks in
study 9741.

FIGURE 2 shows the results of mul-
tivariate Cox models for disease-free
survival according to ER status.
Overall, about 60% of the patients
had ER-positive tumors. The ability
to detect treatment differences was
slightly greater in the ER-positive
group because that group experi-
enced 1472 events as opposed to
1152 in the ER-negative group. In
each of the 3 studies, the differences
in outcome by treatment were statis-
tically significant among ER-negative
patients but not among ER-positive
patients who received tamoxifen
(TABLE 2)—however, the ER-positive
group still had numerically lower
risks of recurrence and death with
the more intensive treatment.

The every-2-week regimens of study
9741, as compared with low-dose CAF
in study 8541, resulted in a 55% reduc-
tion in the risk of a recurrence among
ER-negative patients (95% CI, 37% to
68%); the risk reduction was 26% (95%
CI, –4% to 48%) for ER-positive pa-
tients. The respective overall reduc-
tions in the risk of death were 55% (95%
CI, 38% to 69%) and 23% (95% CI,
–17% to 49%).

The pattern of risks over time for
ER-negative patients was similar
across the 3 studies, with a high risk
of an event in the first 2 to 3 years
after treatment (FIGURE 3). The risks
for ER-positive patients were also
similar across the studies, but in con-
trast to the pattern for ER-negative
patients, the risk of an event in the
first few years was very low. A com-
parison of risks among ER-positive
patients in study 8541 who received
tamoxifen and those who did not
(FIGURE 4) suggests that this low
early risk was due to tamoxifen and
not to the patients’ ER status. The

Table 2. Reductions in Relative Risks of Recurrence and Death and Absolute Differences in
5-Year Disease-Free and Overall Survival, According to ER Status*

Study and ER Status

Reduction in Risk, (95%
Confidence Interval)†

Absolute Difference
in 5-Year Survival, %‡

Recurrence Death Disease-Free Overall

8541 (high dose vs low dose)
ER-negative 21 (9 to 31) 17 (4 to 29) 13.9 6.6

ER-positive 9 (–6 to 22) 6 (–11 to 20) 6.6 4.0

9344 (paclitaxel vs no paclitaxel)
ER-negative 25 (12 to 36) 24 (10 to 37) 8.2 7.4

ER-positive 12 (–3 to 25) 11 (–8 to 26) 2.1 0.0

9741 (every 2 wk vs every
3 wk)

ER-negative 24 (1 to 42) 28 (1 to 47) 9.1 7.4

ER-positive 8 (–20 to 29) 8 (–28 to 35) 2.8 –0.2

Overall (every 2 wk in 9741
vs low dose in 8541)

ER-negative* 55 (37 to 68) 55 (38 to 69) 22.8 16.7

ER-positive* 26 (–4 to 48) 23 (–17 to 49) 7.0 4.0
Abbreviation: ER, estrogen-receptor; CAF, cyclophosphamide, doxorubicin (Adriamycin), and fluorouracil.
*The interaction between higher chemotherapy and ER status was assessed using proportional hazards model, with

added terms for study and main effects for higher chemotherapy and ER status. The interaction was statistically
significant (P = .02 for recurrence and P = .05 for survival) for the overall comparison but not when comparing the
studies separately.

†Relative risks were assessed from multivariate proportional hazards models (adjusted for menopausal status, number
of positive axillary lymph nodes, and tumor size).

‡Absolute differences for the individual studies were estimated from Kaplan-Meier survival curves. Absolute differ-
ences overall were calculated from the relative risk reduction comparing patients in low-dose CAF of study 8541 vs
those patients modeled as though receiving biweekly doxorubicin and cyclophosphamide followed by paclitaxel as
in study 9741 (see Figure 5 as regards disease-free survival).
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Figure 3. Empirical Risk of Recurrence or Death Over Time According to Estrogen-Receptor (ER) Status
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risks for ER-positive patients who
did not receive tamoxifen were simi-
lar to those for ER-negative patients,
with the former group experiencing a
reduction of 67% in year 1 for high-
dose CAF as compared with low-
dose CAF.

From the standpoint of the patient,
absolute benefit associated with a
treatment program is far more impor-
tant than the relative risk reduction.
The ER-negative group experienced
substantially greater absolute improve-
ments in disease-free and overall
survival rates. FIGURE 5 compares
disease-free survival and overall sur-
vival for patients in the low-dose
regimen of CAF in study 8541 with
the same patients modeled as receiv-
ing biweekly doxorubicin and cyclo-
phosphamide followed by paclitaxel
as in study 9741. For ER-negative
disease, the improvement was 22.8%
at 5 years (Table 2) and 25.8% at 10
years. The corresponding improve-
ments for ER-positive disease treated
with tamoxifen were 7% at 5 years
and 10% at 10 years.

COMMENT
Advances in the treatment of primary
breast cancer include the use of che-
motherapy, tamoxifen, and more re-
cently, aromatase inhibitors for pa-
tients with ER-positive tumors, as well

as trastuzumab for those with human
epidermal growth factor receptor 2
(HER2)–positive disease.15-18 Breast
cancer is heterogeneous, with differ-
ences among subtypes in treatment re-
sponses and outcomes. Patients with
ER-positive tumors who receive adju-
vant hormonal therapy have better dis-
ease-free and overall survival than do
those with ER-negative tumors, par-
ticularly during the first 5 years after
diagnosis. Our results indicate that ad-
vances in chemotherapy have less-
ened the survival differences between
ER-positive patients who receive hor-
monal therapy and ER-negative pa-
tients, with the latter group deriving
much greater benefit from modern im-
provements in chemotherapy regi-
mens.

Since early and overall event rates
are higher for patients with ER-
negative tumor status than for those
with ER-positive status, relative reduc-
tions in these rates due to improve-
ments in chemotherapy translate into
even greater absolute benefits for
patients with ER-negative tumors. The
absolute improvement in 5-year
disease-free survival was 22.8% for
ER-negative patients, as compared
with 7.0% for ER-positive patients,
and the difference for overall survival
was also pronounced: an improvement
of 16.7% for ER-negative patients vs

4.0% for ER-positive patients (Table 2
and Figure 3).

The risks of recurrence and death
vary over time, as shown in Figure 4,
and so do the reductions in risk that are
attributable to improved chemo-
therapy. The high risk of an event in
the first 2 to 3 years after treatment for
ER-negative patients coincides with the
period of time when the benefit of the
more effective chemotherapy regi-
mens is manifest. For example, the re-
duction in risk with high-dose CAF as
compared with low-dose CAF was 55%
in the first year and 30% in the second
year. There was little or no advantage
of high-dose CAF for ER-negative pa-
tients after 3 years. However, the ben-
efit was durable in that there was no
sign of a rebound in risk in the high-
dose group in later years, a finding re-
flected as well by the persistent sepa-
ration in the corresponding survival
curves in Figure 2.

The benefit of chemotherapy in
women with ER-positive tumors is far
less dramatic, possibly because the ben-
efits of improved adjuvant chemo-
therapy are due mostly, if not entirely,
to a reduction in the risk of recur-
rence in the first few years after treat-
ment. In this early period, the risk of
recurrence is so small in ER-positive pa-
tients who are treated with tamoxifen,
and presumably if they were treated

Figure 4. Empirical Risk of Recurrence or Death Over Time for Estrogen-Receptor (ER)–Positive Patients in Study 8541
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The left panels show the risks for patients not receiving tamoxifen (initial n=552), and the right panels show the risks for patients receiving tamoxifen (same as Figure 3)
(initial n=472).
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with other hormonal therapies, that any
additional risk reduction due to che-
motherapy would be very difficult to de-
tect statistically. Moreover, based on
data from the preoperative setting, there
is reason to believe that many ER-
positive tumors are intrinsically less re-
sponsive to short courses of chemo-
therapy than ER-negative tumors.
Despite the lack of a statistically sig-
nificant benefit from improved chemo-
therapy regimens in ER-positive pa-
tients, some of these patients almost
certainly derive an added benefit from
such regimens. Identifying such pa-

tients is complex. In study 8541, HER2/
neu overexpression or amplification
identified patients who derived a ben-
efit from high-dose CAF (600, 60, and
600 mg/m2, respectively, per cycle),
which is now the standard CAF regi-
men.19,20 This benefit was indepen-
dent of ER status (results not shown).
Subgroup analyses according to HER2
status from studies 9344 and 9741 are
pending. Although the findings will be
of interest, they will have to be inter-
preted in light of recent data demon-
strating a benefit of adjuvant and
neoadjuvant trastuzumab therapy

in patients with HER2-positive tu-
mors.15-18,21-24 Of interest, recent stud-
ies have documented the benefits of
chemotherapy in subsets of tamoxifen-
treated patients who have hormone-
responsive tumors,25,26 but they have
also suggested that patients with ER-
positive tumors who are not in these
subsets derive little or no benefit from
adjuvant chemotherapy.

No method of assessing ER status is
perfect, and some tumors labeled ER-
positive may actually be ER-nega-
tive.27 On a related note, an obvious
question is whether the benefits of che-

Figure 5. Disease-Free and Overall Survival for Patients in Study 8541: Actual Patients in Low-Dose CAF vs Modeled as Though Receiving
Biweekly Doxorubicin, Cyclophosphamide and Paclitaxel as in Study 9741
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CAF indicates cyclophosphamide, doxorubicin (Adriamycin), and fluorouracil; ER, estrogen-receptor. Patients have mean tumor size, number of positive lymph nodes,
and menopausal status as in the low-dose arm of study 8541. The modeled every 2-week regimen in study 9741 curves do not apply to the patients in study 9741 but
instead for patients having the characteristics of the low-dose arm of study 8541. Study 8541 disease-free survival and study 9344 overall survival show an average
reduction in hazard of 55% for ER-negative disease while they show average reductions of 26% and 23% for ER-positive disease receiving tamoxifen (see Table 2).
The proportional hazards model assumption is that average reduction in hazard applies over the entire 20-year period. The P values shown are from multivariate mod-
els for given ER status. The ER status by chemotherapy interaction P value for disease-free survival is .02 and for overall survival is .05.
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motherapy depend on the degree of ER
positivity. Unfortunately, quantitative
ER measurements were not routinely
collected in our studies.

As Figure 4 illustrates, the risk of re-
currence in both ER groups was be-
tween 2% and 4% per year after ap-
proximately 3 to 5 years and did not
appear to be influenced by treatment.
This level of risk is similar to that for
women with node-negative disease.
Moreover, the risk of recurrence de-
creased dramatically after about year 3,
irrespective of the number of positive
nodes and tumor size (data not shown).
Tumors that have not recurred are
those that are less aggressive or are sen-
sitive to therapy: in effect, nonrecur-
rence trumps baseline clinical charac-
teristics.

The long-term hazards were slightly
higher in the ER-positive group than in
those with ER-negative disease
(Figure 4). Possible explanations for
this finding are the development of re-
sistance to initial hormonal therapy, dif-
ferences in the underlying biology of the
disease, or both.28

The Oxford Overview1 suggested a
possible role of age in any interaction
between ER status and benefits of early
polychemotherapy regimens, al-
though the subset sample sizes were
small. Our study also has a sample size
limitation. However, we addressed this
interaction and found little evidence
that age plays a role. If anything, in our
studies the interaction between ER sta-
tus and chemotherapy benefits is stron-
ger in younger women. In particular,
for women younger than 50 years who
had ER-positive tumors treated with ta-
moxifen, there was no suggestion of a
benefit for the accumulation of more in-
tensive and extensive chemotherapies
over the 3 studies.

Our analysis has several limita-
tions. One is that patients admitted to
our clinical trials may not be typical of
patients generally (although there is evi-
dence from models of breast cancer that
adjuvant therapy benefits observed in
clinical trials applies as well to the gen-
eral US population29). We combined the
results of 3 trials with a total of 13 treat-

ment regimens. The trials were ran-
domized separately, and each patient
was eligible to receive only a sub-
group of the 13 regimens. Each trial was
confounded with any covariates that
were temporally related, limiting the
ability to draw definitive conclusions
based on cross-study analyses. For ex-
ample, the use of screening mammog-
raphy increased over the course of these
studies. There is a well-understood
stage shift for cancers detected on
screening, but such cancers are also as-
sociated with an improved prognosis,
even after accounting for known prog-
nostic factors.30,31 We accounted for
known patient and tumor characteris-
tics using multivariate analyses, but we
did not have information about how the
patients’ cancers were detected.

Another limitation is that tamoxi-
fen therapy was not randomly as-
signed in the studies we considered. In
studies 9344 and 9741, almost all ER-
positive patients received tamoxifen,
and we compared ER-positive pa-
tients who received tamoxifen with ER-
negative patients. In a separate analy-
sis of study 8541, the benefit of more
intensive chemotherapy was similar in
ER-positive patients not treated with ta-
moxifen and in ER-negative patients.
There may have been a bias in the as-
signment of tamoxifen in study 8541;
however, with the exception of meno-
pausal status, the most important de-
terminant of tamoxifen use was time,
with much greater use after the an-
nouncement of the Oxford Overview re-
sults in 1988.32

Multiple comparisons are a concern
in any subgroup analysis; examining
enough subgroups will identify spuri-
ous treatment correlations, with the
effects tending to be stronger with
greater numbers of subgroups exam-
ined.33,34 Subgroup analyses based on
hypotheses established from previous
trials are less problematic. In our
study, the 3 trials independently show
the same effect. Viewing one study as
hypothesis-generating leaves the other
2 as confirmatory. The fact that the
specific chemotherapy question dif-
fered across the 3 trials is an important

consideration but may not be relevant.
Our analysis suggests that the biologi-
cal subtype of breast cancer is the
most important predictor of the ben-
efits of an improved chemotherapy
regimen, regardless of the specific
regimen.

Our study has 2 substantive clinical
implications. First, although patients
with ER-positive breast tumors may rea-
sonably opt for chemotherapy, they
should recognize that the benefits are
not great as compared with those for
patients with ER-negative disease. The
benefits of intensive and extensive che-
motherapy for unselected patients who
have ER-positive disease treated with
tamoxifen are modest at best. Whether
such patients should opt for chemo-
therapy will depend on their attitudes
toward the associated negative se-
quelae. In the years ahead, it is likely
that we will have better predictors that
will allow clinicians to determine which
patients with ER-positive disease truly
benefit from the addition of chemo-
therapy.25,26 Second, with advances
in chemotherapy, patients with ER-
negative tumors have had sequen-
tially improved outcomes and their
prognoses now approach those of op-
timally treated patients with ER-
positive disease. For patients with ER-
negative disease, the overall disease-
free survival and overall survival
benefits of modern intensive and ex-
tensive chemotherapy considered in our
study are substantial.
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guards on those who provide bariatric surgery. Evidence-
based guidelines and recommendations can define the pa-
rameters of best practice care, and thereby help to ensure
the delivery of appropriate, effective, and safe treatment.
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In Reply: Dr Schumman appropriately points out the vital
contribution of the anesthesiologist and perioperative care
team in the safe management of patients undergoing bar-
iatric surgery. Metrics of quality related to all aspects of pre-
operative, perioperative, and postoperative care for this high-
risk group of patients will be essential in improving the safety
and outcomes associated with bariatric surgery. Questions
regarding the most appropriate anesthetic agents, tech-
niques for airway management, and the role of the inten-
sive care unit have yet to be addressed in a rigorous fash-
ion. An ongoing evaluation of bariatric surgery (Longitudinal
Assessment of Bariatric Surgery1; funded by the National In-
stitutes of Health) aimed at addressing many of these and
other issues is under way and should provide clinicians and
quality-improvement experts with some of the evidence
needed to help guide practice.

Drs Blackburn, Hutter, and Jones mention the multidis-
ciplinary quality improvement effort in bariatric surgery de-
veloped in Massachusetts after a series of highly publicized
adverse outcomes.2 It is likely that collaborations that en-
gage physicians, allied health personnel, and health care pay-
ers and purchasers will improve the overall safety and qual-
ity of bariatric surgical care. Many of the metrics of quality
aimed at promoting safety and selected by this group were
based on the opinions of experts in the absence of evi-
dence. While intended to promote safety, these opinion-

based approaches may have unintended consequences such
as increasing health care costs, limiting normal and poten-
tially beneficial practice variation, and even restricting ac-
cess to care for some patients.

The issue of restriction of access in the name of safety is
an important one. Our study3 suggests that there are groups
of patients at high perioperative risk after bariatric surgery.
These patients may also have the most to gain from these
procedures because of significant debility and a greater bur-
den of comorbid conditions. Striving for zero mortality from
bariatric surgery could effectively exclude patients who may
be at highest risk. Yet patients who are nearly immobilized
because of their obesity and who have reversible organ dys-
function may be the most appropriate group of patients for
this surgery. As these ongoing collaborations and research
initiatives develop, it will be essential to determine how to
decide on treatment for the nearly 10 million US patients
who are eligible (by body mass index alone) for the proce-
dure. An emphasis on safety for all patients undergoing bar-
iatric procedures is paramount but an honest discussion of
the expected rate of adverse outcomes in high-risk groups
is essential so that the operation is not restricted to only those
at the lowest risk.

As the writers suggest, the need for a strong scientific evi-
dence base is acute because the lack of data has conse-
quences that may affect the lives of patients.
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CORRECTION

Mislabeled Figures: In the Original Contribution entitled “Estrogen-Receptor Sta-
tus and Outcomes of Modern Chemotherapy for Patients With Node-Positive Breast
Cancer” published in the April 12, 2006, issue of JAMA (2006;295:1658-1667),
incorrect titles and legends were matched with the figures. The title and legend
with Figure 3 should have accompanied Figure 5, the title and legend with Figure
4 should have accompanied Figure 3, the title and legend with Figure 5 should
have accompanied Figure 4 with the parenthetical reference reading, “same as
Figure 3,” and the table note in Table 2 should parenthetically state, “see Figure
5 as regards disease-free survival” instead of Figure 3.
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