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A B S T R A C T

Purpose
To evaluate the relative effectiveness of letrozole compared with tamoxifen for patients with
invasive ductal or lobular carcinoma.

Patients and Methods

Patients diagnosed with early-stage invasive ductal carcinoma (IDC) or classic invasive lobular
carcinoma (ILC) who were randomly assigned onto the Breast International Group (BIG) 1-98 trial
and who had centrally reviewed pathology data were included (N = 2,923). HER2-negative IDC and
ILC were additionally classified as hormone receptor—positive with high (luminal B [LB] -like) or low
(luminal A [LA] -like) proliferative activity by Ki-67 labeling index. Survival analyses were performed
with weighted Cox models that used inverse probability of censoring weighted modeling.

Results

The median follow-up time was 8.1 years. In multivariable models for disease-free survival (DFS),
significant interactions between treatment and histology (ILC or IDC; P = .006) and treatment and
subgroup (LB like or LA like; P=.01) were observed. In the ILC subset, there was a 66% reduction
in the hazard of a DFS event with letrozole for LB (hazard ratio [HR], 0.34; 95% CI, 0.21 to 0.55)
and a 50% reduction for LA subtypes (HR, 0.50; 95% Cl, 0.32 to 0.78). In the IDC subset, there
was a significant 35% reduction in the hazard of a DFS event with letrozole for the LB subtype (HR,
0.65; 95% ClI, 0.53 to 0.79), but no difference between treatments was noted for IDC and the LA
subtype (HR, 0.95; 95% CI, 0.76 to 1.20).

Conclusion
The magnitude of benefit of adjuvant letrozole is greater for patients diagnosed with lobular

carcinoma versus ductal carcinoma.

J Clin Oncol 33:2772-2779. © 2015 by American Society of Clinical Oncology

Retrospective studies have consistently dem-
onstrated that primary ILC is less responsive than
IDC to chemotherapy.”"? Limited information is
available to compare the efficacy of hormonal ther-
apyinILCand IDC,'*'* and itis unclear whether the

Invasive lobular carcinoma (ILC) is the second-
most common breast cancer subtype and accounts
for approximately 10% of all breast cancers.' ILC

differs from invasive ductal carcinoma (IDC), the
most common breast cancer subtype, with respect
to epidemiology, clinicopathologic characteris-
tics, and responsiveness to systemic therapies."*
Morphologically, ILC is commonly characterized
as noncohesive infiltrating cells classified as hor-
mone receptor—positive, with a low to intermedi-
ate histologic grade. In addition, morphologic
variants of ILC (eg, pleomorphic, alveolar ILC)
have been described to define ILC tumors that
lack the characteristic diffuse, nonlinear growth
pattern of classic ILC.>*
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benefit of different therapies (ie, tamoxifen or aro-
matase inhibitors [ Als]) differs by histologic subtype
(ie, ILCvIDC).

The Breast International Group (BIG) 1-98
study is a four-arm study comparing 5 years of
monotherapy with tamoxifen, 5 years with letrozole,
or the two treatments administered sequentially
in postmenopausal women who have hormone
receptor—positive early-stage breast cancer.'®'” In
the present analysis, we investigated the magnitude
of benefit of endocrine treatment (tamoxifen or
letrozole) in patients diagnosed with classic ILC or
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IDC who were enrolled in the monotherapy arms of the study. It is
important to note that the classification of breast cancer has evolved
from a pure morphologic classification (ie, ILC, IDC) to include
hormone receptors and human epidermal growth factor receptor 2
(HER2), and the classification now encompasses a group of heteroge-
neous, genomically defined breast cancer subtypes.'®'® BIG 1-98 en-
rolled participants diagnosed with hormone receptor—positive breast
cancer and, as such, accounts for a population that could be genomi-
cally defined as having luminal breast cancer. Luminal breast cancers
encompass at least two subgroups with distinct survival outcomes:
luminal A (LA) is represented as estrogen receptor (ER) —positive
tumors that have low proliferative activity; luminal B (LB) also is
represented by ER-positive tumors, but have high proliferative activity
and worse outcomes than LA types. In the present analysis, the differ-
ential effectiveness of tamoxifen versus letrozole in ILC versus IDC is
performed while taking into the consideration the distribution of
high- and low-proliferative ER subtypes in both subgroups.

This analysis is limited to patients assigned to monotherapy with either tamox-
ifen or letrozole at a median of 8.1 years of follow-up time. There were 4,922
patients enrolled in the monotherapy arms of BIG 1-98. This analysis includes
patients who had centrally reviewed histology data (n = 4,080) and whose
tumors were classified as IDC or classic ILC (n = 2,923; Fig 1). HER2-positive
tumors were not included in the present analysis. The BIG 1-98 patient pop-
ulation was postmenopausal women with early invasive breast cancer whose
tumors were assessed by local pathologists as hormone receptor positive (ie,
ER and/or progesterone receptor [PgR] positive). Between March 1998 and
March 2000, patients were randomly assigned to receive adjuvant endocrine
therapy in one of the monotherapy arms comprising either letrozole 2.5 mg/d
or tamoxifen 20 mg/d for 5 years; from April 1999 to May 2003, patients were
randomly assigned to all four arms, including the sequence of 2 years of
tamoxifen followed by 3 years of letrozole, or 2 years of letrozole followed by 3
years of tamoxifen.

All participants provided written informed consent. Ethics committees
and relevant health authorities approved the protocol.

Pathology Assessment

Central pathology evaluation of histologic subtype was performed at the
University of Glasgow, United Kingdom. Data reported were the dominant
and secondary histologic subtype, histologic grade, and peritumoral vascular
invasion. This analysis is restricted to dominant IDC and dominant ILC
(classic type) only. Data from patients who had dominant ductal and second-
ary ILC and vice versa (ie, mixed histology) were not included in the analysis.

Central pathology evaluation, including ER status, PgR status, HER2
status, and the Ki-67 labeling index (LI), was performed in the International
Breast Cancer Study Group Central Pathology Laboratory, European Institute
of Oncology, Milan, Italy. Expressions of ER, PgR, HER2, and the Ki-67 LI in
the primary tumors were determined by immunohistochemistry (IHC).2**2
ER-negative and PgR-negative negative statuses were each defined as fewer
than 1% immunoreactive cells, in accordance with recent guidelines.23 Whole
tumor sections were incubated with the specific primary mouse monoclo-
nal antibodies to ER (clone 1D5; 1:100 dilution) or PgR (clone 1A6; 1:800
dilution; DAKO, Glostrup, Denmark). HER2 status was assessed by THC
and fluorescence in situ hybridization.** Tumors were considered HER2
positive if they were amplified by fluorescence in situ hybridization or if
THC was 3+ positive.** The Ki-67 LI was assessed using the mouse mono-
clonal antibody MIB-1 (1:200 dilution; DAKO); the percentage of cells that
showed definite nuclear immunoreactivity with MIB-1 among 2,000 inva-
sive neoplastic cells in randomly selected high-power fields (X400) at the
periphery of the tumor was recorded.

Subtype Definitions

Tumors were classified as LA-like or LB-like subtypes according to IHC
surrogates. LA-like subtypes were ER and/or PgR positive and HER2 negative
and had a Ki-67 LI less than 14%; LB-like subtypes were ER and/or PgR were
positive and HER2 negative but had a Ki-67 LI = 14%. The Ki-67 LI cutoff
point of 14% was selected as the one most likely to represent LA and LB breast
cancer molecular subtypes.'#2>%7

End Points and Statistical Methods
The protocol-specified primary end point was disease-free survival
(DEFS), which was defined as the time from random assignment to the earliest

Enrolled in monotherapy arms of BIG 1-98
(N =4,922)

With histology centrally determined
(n =4,080)

Classic lobular or ductal reviewed
centrally for ER, PgR, HER2, and Ki-67
(n =3,660)

Included in analysis
(n=2,923)

Letrozole Tamoxifen
(n=1,452) (n=1,471)

No central review of histology

HER2-positive
Unknown Ki-67
Unknown ER and/or PgR

(n =842)

Histotypes other than classic Fig 1. CONSORT diagram showing the
lobular or ductal carcinoma

analytic cohort of 2,923 patients with tu-
mors classified as ductal (n = 2,599) and
lobular (n = 324) enrolled in the mono-
therapy arm of the BIG 1-98 clinical trial
that compared 5 years of letrozole with 5
years of tamoxifen. ER, estrogen recep-

(n =420)

(n =225) tor; HER2, human epidermal growth fac-
(n=92) tor receptor; PgR, progesterone receptor.
(n =420)
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time of an invasive locoregional recurrence, distant metastasis, invasive con-
tralateral breast cancer, second primary malignancy, or death as a result of any
cause. Overall survival (OS) was defined as the time from random assignment
to death as a result of any cause. Estimates of 5-year and 8-year time-to-event
percentages (for DFS and OS) were based on the Kaplan-Meier method and
were compared across treatment groups with stratified log-rank tests. Analyses
of outcomes employed both the intention-to-treat and inverse probability of
censoring weighting (IPCW) approaches.

TPCW was used to account for selective cross over to letrozole of patients
in the tamoxifen arm after the positive initial findings of BIG 1-98 were
reported in 2005.%* The IPCW method'”***° weights the follow-up informa-
tion provided by patients who remain on tamoxifen so that, in the analysis,

their follow-up assessment accounts not only for themselves but also for
patients with similar characteristics whose follow-up assessments were artifi-
cially censored at the time of selective cross over to letrozole. The weights used
are those estimated on the basis of the full data set analysis, with a median of 8.1
years of follow-up time.

Cox models are stratified by prior chemotherapy use and the random
assignment option (two-arm or four-arm assignment). Independent vari-
ables in the Cox models for interaction were ILC/IDC, treatment assign-
ment, and their interaction. Multivariable models added patient age,
tumor size, nodal status, tumor grade, local therapy received (mastectomy
or less than mastectomy * radiotherapy), and LA- or LB-like type to the
covariates in the basic interaction models listed above. Statistical

Table 1. Demographic, Disease, and Treatment Characteristics According to Histologic Subtype
Histologic Subtype (N = 2,923)
Ductal (n = 2,599) Lobular (n = 324)
Characteristic No. % No. % Fisher's Exact P
Chemotherapy strata .01
No chemotherapy 2,059 79.2 237 731
Received chemotherapy 540 20.8 87 26.9
Random assignment strata .001
4-arm 1,880 72.3 262 80.9
2-arm 719 27.7 62 19.1
Subtype < .001
Lum A 1,436 55.3 237 73.1
Lum B 1,163 447 87 26.9
Age, years 19
=55 584 22.5 86 26.5
56-70 1,638 63.0 199 61.4
=71 377 14.5 39 12.0
Obese (BMI = 30 kg/m?) 93
No 1,929 74.2 243 75.0
Yes 561 21.6 67 20.7
Unknown 109 4.2 14 4.3
Nodal status .29
Nx/NO 1,473 56.7 178 54.9
N1-N3 709 27.3 83 25.6
= N4 417 16.0 63 19.4
Tumor size, cm < .001
<2 1,685 64.8 158 48.8
=2 905 34.8 162 50.0
Missing € 0.3 4 1.2
Tumor grade (centrally assessed) <.001
1 553 21.3 13 4.0
2 1,443 55.5 309 95.4
3 589 22.7 2 0.6
Missing 14 0.5 — —
Peritumoral invasion (centrally assessed) < .001
No 2,304 88.6 317 97.8
Yes 285 1.0 7 2.2
Missing 10 0.4 — —
Treatment assigned .32
Letrozole 1,300 50.0 152 46.9
Tamoxifen 1,299 50.0 172 53.1
Local therapy <.001
LTM/RT 1,426 54.9 145 44.8
LTM/no RT 85 3.3 4 1.2
Mastectomy/RT 423 16.3 86 26.5
Mastectomy/no RT 663 255 88 27.2
Other 2 0.1 1 0.3
Abbreviations: BMI, body mass index; LTM: less than mastectomy; Lum A, luminal A; Lum B, luminal B; RT, radiotherapy.
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significance was defined as P = .05; there were no adjustments for multi-
ple comparisons.

A total of 2,923 patients who had early-stage breast cancer were ana-
lyzed in this study at a median follow-up time of 8.1 years, including
2,599 patients with IDC and 324 patients with ILC. Clinical and
pathologic characteristics according to histologic subtypes are shown
in Table 1. The percentages of LA and LB subtypes according to
histology were 73.1% and 26.9%, respectively, for ILC, and 55.3% and
44.7%, respectively, for IDC. ILC tumors had larger tumor sizes than
IDC tumors (ILC v IDC size = 2 cm, 50% v 34.8%); nodal involve-
ment was comparable between IDC and ILC. Rates of obesity, which
may affect the risk of recurrence,”" were well balanced between
women who had IDC and ILC. Treatment compliance, defined as
completion of 5 years of treatment, was similar in the ILC and IDC
subsets (67% and 71% of patients, respectively). Chemotherapy was
administered before study initiation to 26.9% and 20.8% of patients
with ILC and IDC, respectively. Additional information about clinical
and pathologic characteristics according to histologic subtype and
treatment is shown in Appendix Table A1 (online only).

IPCW estimates for DFS and OS are shown in Figures 2A and 2B.
The 8-year DFS estimate was 66% for tamoxifen compared with 82%
forletrozole in the ILC subset (hazard ratio [HR], 0.48;95% CI, 0.31 to
0.74) and was 75% for tamoxifen and 82% for letrozole in the IDC
subset (HR, 0.80; 95% CI, 0.68 to 0.94). In this comparison, the effect
of treatment on DFS depended on the histology of the tumor (inter-
action P = .03; Fig 2A). The 8-year OS estimate was 74% for tamoxifen
compared with 89% for letrozole in the ILC subset (HR, 0.40; 95% CI,
0.23 t0 0.69) and 84% for tamoxifen and 88% for letrozole in the IDC
subset (HR, 0.73; 95% CI, 0.60 to 0.89). The effect of treatment on OS
also depended on the histology of the tumor (interaction P = .045;
Fig 2B). IPCW estimates for DFS according to breast cancer subtype

in the LA-like and LB-like subsets are shown in Figure 3. ILC
tumors classified as LA like had inferior outcomes when treated
with tamoxifen, whereas ILC tumors classified as LB like and IDC
tumors classified as either LA like or LB like had similar outcomes
when treated with letrozole, as shown in the overlapping curves in
Figure 3. Additional analyses were performed by using intention-
to-treat analyses and showed similar estimates as observed with
IPCW (Appendix Fig A1, online only).

In multivariable models for DFS adjusted for classic clinicopath-
ologic features, significant interactions between treatment and histol-
ogy (ILC or IDG; interaction P = .006) and treatment and subtype (LB
like or LA like; interaction P = .01) were observed (Fig 4). Women
who had IDC and the LB-like subtype experienced a significant 35%
reduction in the hazard of a DFS event with letrozole (HR, 0.65; 95%
CI, 0.53 to 0.79); however, no difference between treatments was
noted in women who had IDC and the LA-like subtype (HR, 0.95;
95% CI, 0.76 to 1.20). In the ILC subset, there was a 66% reduction in
the hazard of a DFS event for LB-like subtypes (HR, 0.34; 95% CI, 0.21
to 0.55) and a 50% reduction in the hazard of a DFS event with
letrozole for LA-like subtypes (HR, 0.50; 95% CI, 0.32 to 0.78).

In the multivariable analysis for OS, a significant interaction
between treatment and histology (interaction P = .035) was observed,
which suggests that the effect of letrozole compared with tamoxifen is
significantly greater for ILC compared with IDC. Women with IDC
experienced a statistically significant 28% reduction in the hazard of
death with letrozole (HR, 0.72; 95% CI, 0.59 to 0.88). In women with
ILC, there was a 62% reduction in the hazard of death with letrozole
(HR, 0.38; 95% CI 0.22 t0 0.67)

This study demonstrates that the magnitude of benefit of adjuvant
letrozole varies by histologic subtype. Significant reductions in the risk
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a Tamoxifen 172 55
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0 1 2 3 4 5 6 7 8 9 10
Time Since Random Assignment (years)
No. at risk
Ductal  Letrozole 1,250 1,171 1,074 668 241
Tamoxifen 1,218 923 679 469 208
Lobular Letrozole 149 142 128 71 23
Tamoxifen 162 113 71 58 20
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Tamoxifen 172 38
T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10
Time Since Random Assignment (years)
No. at risk
Ductal  Letrozole 1,280 1,232 1,160 747 281
Tamoxifen 1,269 1,026 778 545 238
Lobular Letrozole 150 147 136 78 29
Tamoxifen 169 125 88 68 27

Fig 2. Inverse probability of censoring weighted Kaplan-Meier estimates of (A) disease-free survival and (B) overall survival according to histology (ductal, lobular) and
treatment (letrozole, tamoxifen) among the 2,923 patients in the analytic cohort. HR, hazard ratio; L, letrozole; T, tamoxifen.
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No. at risk No. at risk
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Tamoxifen 708 549 414 289 130 Tamoxifen 510 374 265 180 78
Lobular Letrozole 112 106 96 55 15 Lobular Letrozole 37 36 32 16 8
Tamoxifen 119 84 52 44 16 Tamoxifen 43 29 19 14 4
Fig 3. Inverse probability of censoring weighted Kaplan-Meier estimates of disease-free survival according to treatment and histology within subgroups defined as

(A) luminal A-like and (B) luminal B-like. HR, hazard ratio; L, letrozole; T, tamoxifen.

of DFS events with letrozole monotherapy versus tamoxifen mono-
therapy were noted in women diagnosed with ILC regardless of
whether the tumor was LA like or LB like. By contrast, in the IDC
subset, there was a significant reduction in the risk of DES events with
letrozole for the LB-like subtype but no difference between letrozole
and tamoxifen with the LA-like subtype.

A major strength of this study is that the population comes from
alarge, phase III clinical trial with a median patient follow-up time of
more than 8 years.”> Central pathology review for histologic breast
cancer subtypes allowed us to reliably identify patients diagnosed with
classic ILC and investigate for the first time the effectiveness of adju-
vant tamoxifen and letrozole in this subset. In addition, determination
of biomarkers (ER, PgR, HER2, and Ki-67) was performed in a central
laboratory with extensive breast cancer pathology experience.

The use of an THC-based surrogate to divide the ER-positive
tumors into low- and high-proliferative subsets (ie, LA like or LB like)
is a limitation. Currently, the use of Ki-67 in clinical practice is limited
by uncertain technical reproducibility and subjective interpreta-

tion.”>?*® Moreover, the use of a reduced set of biomarkers is not
expected to replace genomic classifiers. Despite the limitations, a good
approximation of genomically defined breast cancer subtypes can be
achieved by IHC-based surrogates when biomarkers are assessed with
existing recommendations.*®*® In agreement with a retrospective
analysis, in which genomic data from more than 180 ILC tumors
classified the majority (75%) of ILC tumors as the LA type,*** the
present analysis classified 73% of ILC tumors as LA like and 27% as
LB like. In contrast, the IDC subset had a smaller representation
(55%) of LA-like tumors and a higher representation (45%) of
LB-like tumors.

Data from a retrospective analysis that included 2,000 women
with breast cancers classified into subtypes according to the same
IHC-based surrogate and observed for greater than 12 years, demon-
strated a worse prognosis for LB-like tumors than LA-like tumors.* It
also showed a consistently higher hazard of early (< 5 years after
diagnosis) and late (> 5 years) recurrence with LB-like tumors versus
LA-like tumors. The present analysis takes into consideration the

No. Patients No. Events
Letrozole Tamoxifen HR (95% CI) Letrozole Tamoxifen

K X Fig4. Disease-free survival and overall sur-
Disease-free survival vival hazard ratio (HR) estimates and 95% Cls
Ductal comparing the efficacy of letrozole versus
Luminal A-like 703 733 P 0.95 (0.76 to 1.20) 143 131 tamoxifen for histologic subgroups. The re-
Luminal B-like 597 566 0.65 (0.53t0 0.79) 168 182 sults were based on multivariable models that
—— included classic clinicopathologic variables as
Lobular . predictors: age, tumor size, nodal status, his-
Lum!nal A—I_|ke 115 122 —a— 0.50 (0.32 to 0.78) 23 34 tologic grade, histology (ductal/lobular), local
Luminal B-like 37 50 0.34 (0.21 to 0.55) 10 21 therapy, subtype (uminal A or BJ, and treat-
Overall survivalt ment. The box size is inversely proportional to
Ductal 1,300 1,299 - 0.72 (0.59 t0 0.88) 185 206 the SE of the HR; the extended horizontal
Lobular 152 172 0.38 (0.22 to 0.67) 19 38 lines indicate the 95% Cls. (*) Treatment by
e histology (ductal/lobular), P = .006; treatment
T T T T T by subtype (LA/LB), P = .01. (t) Treatment by

0 025 050075 1.0 1.25 histology (ductal/iobular), P = .035.

Favors Letrozole ~ Favors Tamoxifen
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different distribution of LA-like and LB-like tumors in ILC and IDC
subsets and allows for a more precise investigation of the benefit of Als
versus tamoxifen in both subsets.

There are other definitions of IHC-based surrogate classifica-
tions. One adds PgR expression to the existing definition of the LA-like
subtype and requires that tumors have PgR = 20%.® Our results were
consistent when the analysis was performed with this modified IHC-
based surrogate (data not shown), and our conclusions were not
dependent on one surrogate definition.

The retrospective nature of this analysis and the reduced number
of ILC occurrences are limiting factors. It is unclear at this stage
whether inferior outcomes for patients diagnosed with ILC and
treated with tamoxifen would be confirmed in additional studies. In a
randomized study comparing 2 years of tamoxifen with observation,
the advantage of tamoxifen was more pronounced in the subset of
patients with IDC than in those with ILC, but the number of patients
with ILC was small (n = 43)."* In a retrospective subset analyses of
patients enrolled on the Exemestane Adjuvant Multinational (TEAM)
phase III study, similar outcomes were observed for patients with ILC
and IDC who were treated with single-agent exemestane or tamoxifen
followed by exemestane.”” The lack of a tamoxifen monotherapy arm
and a shorter follow-up time are limiting factors to the interpretation
of these results. More recently, results from the Austrian Breast and Colo-
rectal Cancer Study Group (ABCSG) VIII trial showed improved OS for
patients with ILC who were treated with tamoxifen followed by anastro-
zole versus those treated with tamoxifen monotherapy.”® Additional re-
sults from BIG 1-98 failed to demonstrate similar results for the
comparison of tamoxifen followed by letrozole versus tamoxifen mono-
therapy.® Comparisons of sequential arms (eg, tamoxifen followed by an
Al) versus tamoxifen monotherapy should be interpreted with caution,
and additional analysis with larger number of patients (ie, patients with
ILC) is warranted before definitive conclusions are made.

The IPCW methodology, which attempts to remove a bias
caused by treatment cross over, has strengths and limitations that
have been noted in the published literature.’® Quantifying bias in
IPCW estimates can be difficult but will be limited as long as data
are available about factors that affect patient decisions to cross over
and are prognostic for future outcomes. The BIG 1-98 study is well
suited for the use of IPCW methods, because patients before recur-
rence were relatively healthy and because prognostic factors were
recorded as part of study follow-up times and were available for
estimation of the IPCW weights.

Preclinical and translational efforts have suggested the
mechanisms of resistance to tamoxifen in the subset of ILC. This
includes the expression of different forms of ERs, including
estrogen-related receptor v, persistence of ER expression,*' and
fibroblast growth factor receptor signaling.*” In addition to the
above-mentioned mechanisms, higher levels of ER and PgR ex-

pression in ILC than IDC could hypothetically contribute to a
greater benefit of an Al in ILC, but data that link ER/PgR levels and
Al efficacy are inconsistent across studies.>*>**

In clinical practice, the choice of an Al versus tamoxifen usually
includes the assessment of the baseline risk of disease recurrence as
determined by tumor burden, tumor biology, comorbidities, toxicity
profile of tamoxifen and the Al, and patient preference.*>*>*® Al-
though the current results suggest the addition of histologic subtype
(ie, ILC and IDC), in the choice of an Al versus tamoxifen, it is
important to note that these findings are derived from a retrospective
analysis and should be interpreted with caution.

Among patients diagnosed with IDC, the effect of letrozole seems
confined to the LB cohort. This result is in agreement with previous
analyses conducted with the BIG 1-98 data that show a greater mag-
nitude of benefit for letrozole versus tamoxifen monotherapy among
patients with high Ki-67.%° Despite our limited ability to classify tu-
mors into LA- or LB-like subtypes in clinical practice, the results of the
present study could be useful in special circumstances. As an example,
switching from AI to tamoxifen among those experiencing severe
adverse effects might represent a good option, specifically for patients
diagnosed with IDC tumors that have features indicative of low-
proliferative activity.

In conclusion, although the current data suggest a greater benefit
of adjuvant letrozole than tamoxifen for patients diagnosed with ILC,
subsequent validation in larger data sets is necessary before imple-
menting a routine clinical recommendation of Al for patients diag-
nosed with ILC.
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GLOSSARY TERMS

Aromatase inhibitor (AI): Inhibitors used in treating
breast cancer in postmenopausal women. Aromatase inhibitors
inhibit the conversion of androgens to estrogens by the enzyme
aromatase, thus depriving the tumor of estrogenic signals. Be-
cause of decreased production of estrogen, estrogen receptors,
which are important in the progression of breast cancer, cannot
be activated.

Estrogen receptor (ER): Ligand-activated nuclear proteins, belonging
to the class of nuclear receptors, present in many breast cancer cells that are
important in the progression of hormone-dependent cancers. After binding, the
receptor-ligand complex activates gene transcription. There are two types of
estrogen receptors (ERaand ERB). ERar is one of the most important proteins
controlling breast cancer function. ERB is present in much lower levels in breast
cancer, and its function is uncertain. ER status guides therapeutic decisions in
breast cancer.
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Fey, M. Castiglione, M. Rabaglio; Kantonsspital Olten, Olten: S. Aebi, M.F. Fey, M. Zuber, G. Beck; Biirgerspital, Solothurn: S. Aebi, M.F.
Fey, R. Schonenberger; Spital Thun-Simmental AG Thun: J.M. Liithi, D. Rauch; Hopital Cantonal Universitaire HCUG, Geneva: H.
Bonnefoi; Ritisches Kantons- und Regionalspital, Chur: F. Egli, R. Steiner, P. Fehr; Centre Pluridisciplinaire d’'Oncologie, Lausanne: L.
Perey, P. de Grandi, W. Jeanneret, S. Leyvraz, J.-F. Delaloye; Kantonsspital St Gallen, St Gallen: B. Thiirlimann, D. Kéberle, F. Weisser, S.,
Mattmann, A. Miiller, T. Cerny, B. Spiti, M. Hofliger, G. Fiirstenberger, B. Bolliger, C. Ohlschlegel, U. Lorenz, M. Bamert, ]. Kehl-Blank,
E. Vogel; Kantonales Spital Herisau, Herisau: B. Thiirlimann, D. Hess, 1. Senn, D. Kéberle, A. Ehrsam, C. Nauer, C. Ohlschlegel, J.
Kehl-Blank, E. Vogel; Stadtspital Triemli, Ziirich: L. Widmer, M. Héfner; Universititsspital Ziirich, Ziirich: B. C. Pestalozzi, M. Fehr, R.
Caduff, Z. Varga, R. Triib, D. Fink.

Swiss Private MDs. Private Praxis, Ziirich: B. A. Bittig; Sonnenhof-Klinik Engeried, Bern: K. Buser; Frauenklinik Limmattalspital,
Schlieren: N. Biirki; Private Praxis, Birsfelden: A. Dieterle; Private Praxis, Biel: L. Hasler; Private Praxis, Baar: M. Mannhart-Harms;
Brust-Zentrum, Ziirich: C. Rageth; Private Praxis, Bern: J. Richner; Private Praxis, Bellinzona: V. Spataro; Private Praxis, Winterthur:
M. Umbricht.

Danish Breast Cancer Cooperative Group

Danish Breast Cancer Cooperative Group (DBCG) Secretariate, Copenhagen: B. Ejlertsen; Rigshospitalet, Copenhagen: H.T.
Mouridsen, B. Ejlertsen; Vejle Hospital, Vejle: E. Jakobsen; Odense University Hospital, Odense: S. Cold; Kas Herlev/Herlev University
Hospital, Herlev: C. Kamby; Aalborg Sygehus Syd, Aalborg: M. Ewertz; Hilleroed Hospital, Hilleroed: P.M. Vestlev; Aarhus University
Hospital, Aarhus: J. Andersen; Roskilde County Hospital, Roskilde: P. Grundtvig; Esbjerg Central Hospital, Esbjerg: E. Sandberg;
Naestved Central Hospital, Naestved: P. Philip; Soenderborg Sygehus, Soenderborg: E.L. Madsen; Herning Central Hospital, Herning:
K.A. Moeller; Viborg Sygehus, Viborg: V. Haahr; Landspitali University Hospital, Reykjavik, Iceland: J. Johansson.

French Federation of Cancer Centers Sarcoma Group

Institut Bergonié, Bordeaux: L. Mauriac, M. Debled, P. Campo, H. Bonnefoi; Centre Jean Perrin, Clermont-Ferrand: H. Auvray;
Centre Georges Francois Leclerc, Dijon: C. De Gislain, F. Delille, M.-C. Porteret; Centre Oscar Lambret, Lille: V. Servent, M. Chapoutier;
Centre Hospitalier Regional Universitaire-Limoges, Limoges: N. Tubiana-Mathieu, S. Lavau-Denes, P. Bosc; Centre Léon Bérard, Lyon:
J.P. Guastalla, T. Bachelot, C. Arbault; C.H.G. André Boulloche, Montbéliard: V. Perrin, A. Monnier, Y. Hammoud; Clinique Franchev-
ille, Périgueux: L. Cany, C. Maguire; Hopital de la Milétrie, Poitiers: A. Daban, M. Le Saux, C. Grandon; Centre Eugéne Marquis, Rennes:
P. Kerbrat, C. Catheline; Centre Henri Becquerel, Rouen: C. Veyret, E. Jugieau, V. Talon; Centre René Gauducheau, Saint-Herblain: A. Le
Mevel, S. Maury; Centre Claudius Régaud, Toulouse: L. Gladieff, N. Lignon.

North Yorkshire Group

D. Dodwell; Harrogate District Hospital, Harrogate, North Yorkshire: D. Dodwell; Huddersfield Royal Infirmary, Huddersfield: J.
Joffe; Castlehill Hospital, Hull: P. Drew; Airedale General Hospital, Keighley, W. Yorkshire: A. Nejim; Leeds General Infirmary, Leeds: D.
Dodwell, K. Horgan; Weston Park Hospital, Sheffield: R.E. Coleman.
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Independent Centers/Groups

Australia. Flinders Medical Centre, Adelaide, South Australia: S. Birrell, M. Eaton, C. Hoffman; The Geelong Hospital, Geelong,
Victoria: R. Bell, F. Abell, M. Francis, J. Kiffer, R. Lynch, R. McLennan, K. White; Western General Hospital, Melbourne, Victoria: M.
Green, R. Basser, J. Collins, R. De Boer, ].C. Din, N. Efe, S.T. Fan, G. Lindeman, S. Wong; Calvary Mater Newcastle, Newcastle, New South
Wales: J. Stewart, F. Abell, S. Ackland, A. Bonaventura; St George Hospital, Sydney, New South Wales: P. de Souza, M. Links.

Belgium. Institut Jules Bordet, Brussels: J.M. Nogaret; University Hospitals Leuven, Leuven: M.R. Christiaens, P. Neven, R.
Paridaens, A. Smeets, I. Vergote, C. Weltens, H. Wildiers; Les Cliniques St Joseph Association Sans But Lucratif, Liége: C. Focan; Clinique
du Parc Léopold, Brussels: L. Marcelis; C.H. Etterbeek-Ixelles, Brussels: J.P. Kains.

Canada. Cambridge Memorial Hospital, Cambridge: J. Gowings CHUM-Campus Notre Dame, Montreal: L. Yelle; Hopital
Maisonneuve-Rosemont, Montreal: P. Dubé.

Chile. Fundacion Lopez Perez, Santiago: C. Vogel; Hospital Carlos Van Buren, Valparaiso: M. Ledén Prieto.

Czech Republic. Institute of Oncology, Brno: K. Petrakova, M. Palacova, R. Demlova; Department of Clinical and Radiation
Oncology, Ceske Budejovice: H. Siffnerova, . Fischer, 1. Bustova; Centre of Breast Diseases, Prague: H. Kankova, M. Pintova; Institute of
Radiation Oncology, Prague: P. Vitek; University Hospital, Prague: J. Abrahamova, D. Kordikova; University Hospital Prague: L.
Petruzelka, E. Sedlackova, H. Honova.

Germany. Onkologische Gemeinschaftspraxis, Augsburg: B. Heinrich; Zentralklinikum/Frauenklinik, Augsburg: A. Wischnik;
Universititsklinikum Essen, Essen: C. Oberhoff, A.E. Schindler; Universitits-Frauenklinik d. JLU Giessen, Giessen: K. Miinstedt;
Onkologische Gemeinschaftspraxis, Gottingen: D. Meyer; Martin-Luther-Universitdt Halle-Wittenberg, Halle: R. Grosse, H. Kolbl;
Universitatskliniken des Saarlandes, Hamburg: W. Schmidt, D. Mink; Universitats-Frauenklinik und Poliklinik Universitatskrankenhaus
Eppendorf, Hamburg: F. Jinicke; Kliniken d. Med. Hochschule, Frauenklinik, Hannover: H.J. Liick; Krankenanstalt Mutterhaus der
Borroméerinnen, Trier: W. Dornoff; Gynikologische Abteilung des St Josefshospital, Wiesbaden: G. Hoffmann; Gynikologische Abtei-
lung d. Marienhospitals, Universitit Witten-Herdecke, Witten: J. Hackmann, W. Bader.

Hungary. SZOTE Onkoterapids Klinika, Szeged: Z. Kahan; BM Kozponti Kérhéz, Budapest: G. Pajkos, K. Kristo; Almasi Balogh P4l
Kérhaz, Ozd: E. Kner.

Italy. Policlinico S. Orsola-Malpighi, Bologna: A. Martoni, C. Zamagni, S. Giaquinta, E. Piana; Ospedale S. Croce, Fano: R. Mattiolj,
L. Imperatori; Azienda Ospedaliera San Filippo Neri, Rome: G. Gasparini, G. Sciarretta, A. Morabito; Az. Ospedaliera Treviglio-
Caravaggio, Treviglio: S. Barni, M. Cazzaniga, M. Cabiddu; Policlinico Universitario (PUDG), Udine: F. Puglisi; Universitiy of Cagliari,
Policlinico Universitario, Cagliari: G. Mantovani, E. Massa, G. Astara; Ospedale Civile Feltre, Feltre: R. Segati; Istituto Nazionali Ricerca
Cancro, Genova: R. Rosso, L. Del Mastro, M. Venturini, C. Bighin; Istituto Nazionale dei Tumori, Milano: E. Bajetta, N. Zilembo, D.
Paleari, G. Procopio; Azienda Ospedaliera S. Salvatore, Pesaro: G. Catalano, S. Luzi Fedeli; Azienda Ospedaliera Ospedale di Circolo e
Fondazione Macchi Varese: G. Pinotti, G. Giardina, I. Vallini; Universitiy of Cagliari, Policlinico Universitario, Cagliari: B. Massidda, M. T.
Ionta, M.C. Deidda; Ospedale Maggiore, Lodi: G. Nalli, G. Sita; Ospedale Civile dello Spirito Santo, Pescara: M. Lombardo, G. Pandoli, P.
Di Stefano; Azienda Ospedaliera Santa Maria Nuova, Reggio Emilia: C. Boni, G. Bisagni, M.C. Banzi, P. Linarello; Azienda Ospedaliera
Desenzano del Garda, Manerbio: G. Colosini, A. Spasiano, A. Caldonazzo; Ospedale Civile ASL 20, Tortona: M. G. Pacquola.

The Netherlands. Catharina Ziekenhuis, Eindhoven: H.J.T. Rutten; St Anna Ziekenhuis, Geldrop: E.J.T. Luiten; Tweesteden Ziek-
enhuis, Tilburg: H.T.J. Roerdink; Maxima Medisch Centrum, Veldhoven: R.H.M. Roumen.

New Zealand. Dunedin Hospital, Dunedin: B. McLaren, S. Costello, J. North, D. Perez, K., Bayston, M. Pfieffer; Waikato Hospital,
Hamilton: I. Kennedy, I.D. Campbell, L. Gilbert, R. Gannaway, M. Jameson, J. Long, G. Round, L. Spellman, D. Whittle, D. Woolerton.

Poland. Department of Oncology and Radiotherapy, Medical University of Gdansk, Gdansk: J. Jassem, M. Welnicka-Jaskiewicz, E.
Senkus-Konefka, K. Matuszewska; Klinika Nowotworéw Piersi i, Chirurgii Rekonstrukcyjnej-Warszawa, Warsaw: T. Pienkowski, E.
Brewczynska, B. Bauer-Kosinska, R. Sienkiewicz-Kozlowska, A. Jagiello-Gruszfeld, K. Sudol; Oddzial Kliniczny Onkologiczny, Central-
nego Szpitala Klinicznego Wojskowej, Akademii Medycznej-Warszawa, Warsaw: M. Gérnasiowa.

Portugal. Hospital de S. Jodo, Porto: M. Damasceno; Instituto Portugués de Oncologia de Coimbra, Coimbra: J.Q. Albano; Hospital
de Santa Maria, Lisbon: B. da Costa, L. Costa; Hospital Geral de Santo Anténio, Porto: F. Marques.

Russia. Moscow Municipal Hospital No. 62, Moscow: A.N. Makhson, N.V. Zabaznyi; N.N. Petrov Research Institute of Oncology,
St Petersburg: V. Semiglazov, V. Ivanov.

South Africa. Mamma Clinic, Tygerberg Hospital, Cape Town: J. Apffelstaedt; Southern Cross Hospital, Cape Town: D. Eedes;
Pretoria Academic Hospital, Pretoria: C. Slabber; Pretoria East Hospital, Pretoria: M.A. Coccia-Portugal; Eastern Cape Oncology Centre,
Port Elizabeth: K. Maart.

Spain. Hospital Ruber Internacional, Madrid: J.E. Alés Martinez, P. Aramburo, R. Sdnchez; Hospital Son Dureta, Palma del
Mallorca: J. Rifa, J. Martin; Centro Oncolégico Integral de Madrid (CONIM), Madrid: R. Pérez-Carridn, J.L. Gonzdlez Larriba, A. Cubillo;
Hospital Universitario San Carlos, Madrid: M.M. Jiménez, A. Casado; Hospital Central de Asturias, Oviedo: J. Fra, ].M. Vieitez, E. Esteban,
A.]. Lacave.

Switzerland. Universititsfrauenklinik, Basel: E. Wight, S. Bartens, R. Decio, U. Giith; Klinik am Park, Ziirich: U. Breitenstein.

Turkey. Ege University Medical School, Izmir: E. Ozdedeli.
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United Kingdom. The Royal Marsden Hospital, London, Royal Marsden National Health Service Trust, Surrey: I.E. Smith; Univer-
sity of Dundee, Dundee: A.M. Thompson; Christie Hospital National Health Service Trust, South Manchester University Hospital Trust,
Manchester: A. Wardley; North Middlesex Hospital, London: F. Neave.

Table A1. Baseline Demographic, Disease, and Treatment Characteristics by Histology and Treatment
Treatment by Histologic Subtype
Ductal Lobular
Letrozole Tamoxifen Letrozole Tamoxifen
(n = 1,300) (n = 1,299) (n = 152) (n=172)
Characteristic No. % No. % No. % No. %

Chemotherapy strata

No chemotherapy 1,040 80.0 1,019 78.4 111 73.0 126 73.3

Received chemotherapy 260 20.0 280 21.6 41 27.0 46 26.7
Random assignment strata

4-arm 941 72.4 939 72.3 123 80.9 139 80.8

2-arm 359 27.6 360 27.7 29 19.1 33 19.2
Subtype

Lum A 703 54.1 733 56.4 115 75.7 122 70.9

Lum B 597 459 566 43.6 37 24.3 50 29.1
Age, years

=55 288 22.2 296 22.8 41 27.0 45 26.2

56-70 818 62.9 820 63.1 90 59.2 109 63.4

=71 194 14.9 183 14.1 21 13.8 18 10.5
Obese (BMI = 30 kg/m?)

No 974 74.9 955 73.5 109 71.7 134 77.9

Yes 275 21.2 286 22.0 34 22.4 33 19.2

Unknown 51 3.9 58 45 9 5.9 5 2.9
Nodal status

Nx/NO 740 56.9 733 56.4 83 54.6 95 55.2

N1-N3 357 27.5 352 271 39 25.7 44 25.6

= N4 203 15.6 214 16.5 30 19.7 33 19.2
Tumor size, cm

<2 855 65.8 830 63.9 73 48.0 85 49.4

=2 441 33.9 464 35.7 78 51.3 84 48.8

Missing 4 0.3 B 0.4 1 0.7 3 1.7
Tumor grade (centrally assessed)

1 268 20.6 285 21.9 8 5.3 5 2.9

2 729 56.1 714 55.0 144 94.7 165 95.9

3 296 22.8 293 22.6 — — 2 1.2

Missing 7 0.5 7 0.5 — — — —
Peritumoral invasion (centrally assessed)

No 1,165 88.8 1,149 88.5 149 98.0 168 97.7

Yes 142 10.9 143 11.0 3 2.0 4 2.3

Missing 3 0.2 7 0.5 — — — —
Local therapy

LTM/RT 718 55.2 708 54.5 69 454 76 44.2

LTM/no RT 41 3.2 44 3.4 2 1.3 2 1.2

Mastectomy/RT 206 15.8 217 16.7 39 25.7 47 27.3

Mastectomy/no RT 334 25.7 329 25.3 41 27.0 47 27.3

Other 1 0.1 1 0.1 1 0.7 — —
Abbreviations: BMI, body mass index; LTM: less than mastectomy; Lum A, luminal A; Lum B, luminal B; RT, radiotherapy.
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Events/Total
Variable Letrozole Tamoxifen HR HR (95% ClI)
Disease-free survival
Ductal
Luminal A
IPCW 143/703  131/733 —— 0.95 (0.76 to 1.20)
ITT 143/703  149/733 —— 1.11 (0.81 to 1.26)
Luminal B
IPCW 168/597  182/566 —— 0.65 (0.53 to 0.79)
ITT 168/597  199/566 - 0.70 (0.58 to 0.86)
Lobular
Luminal A
IPCW 23/115 34/122 —— 0.50 (0.32 to 0.78)
ITT 23/115 36/122 —— 0.61 (0.40 to 0.95)
Luminal B
IPCW 10/37 21/50 —— 0.34 (0.21 to 0.55)
ITT 10/37 23/50 - — 0.43 (0.27 to 0.68)
Overall survival
Ductal
IPCW 185/1,300  206/1,299 —— 0.72 (0.59 to 0.88)
ITT 185/1,300 216/1,299 —— 0.84 (0.69 to 1.02)
Lobular
IPCW 19/152 38/172 —— 0.38 (0.22 to 0.67)
ITT 19/152 39/172 " E— 0.51 (0.30 to 0.89)
0 0.25 0.50 0.75 1.0 1.25
Favors Letrozole  Favors Tamoxifen

Fig A1. Inverse probability of censoring weighted (IPCW) and intention-to-treat (ITT) hazard ratio (HR) estimates of the relative effect of letrozole versus tamoxifen
for disease-free survival and overall survival.
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