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Abstract
Background Compared to tamoxifen, adjuvant treatment with aromatase inhibitors improves disease outcomes of postmeno-
pausal women with hormone receptor-positive early breast cancer. In the international, randomized, double-blind BIG 1-98 
trial, 8010 women were randomized to receive tamoxifen, letrozole, or sequential use of the agents for 5 years. With a focus 
on switching between agents, we investigated cardiovascular events over the entire 5-year treatment period.
Methods Of the 6182 patients enrolled, 6144 started trial treatment and were included in this analysis. Adverse events occur-
ring during study treatment until 30 days after cessation were considered. Eight cardiovascular event types were defined. 
Cumulative incidence of events were estimated using the Kaplan–Meier method, without consideration for competing events. 
Multivariable Cox models estimated hazard ratios (HR) with 95% confidence intervals (CI) for pairwise comparisons of 
treatment arms.
Results While on study treatment, 6.5% of patients (n = 397) had any cardiac events reported; for 2.4%, the event was grades 
3–5, of which 11 (0.2%) were grade 5. Letrozole monotherapy was associated with higher risk of grade 1–5 ischemic heart 
disease (HR = 1.81; 95% CI, 1.06–3.08) compared with tamoxifen monotherapy. Patients assigned sequential tamoxifen 
→letrozole (HR = 1.59; 95% CI, 0.92–2.74) or sequential letrozole → tamoxifen (HR = 1.20; 95% CI, 0.68–2.14) showed 
a lesser degree of risk elevation. Patients assigned to tamoxifen-containing regimens had significantly higher risk of grade 
1–5 thromboembolic events (tamoxifen monotherapy HR = 2.10; 95% CI, 1.42–3.12; tamoxifen → letrozole HR = 1.96; 95% 
CI, 1.32–2.92; letrozole → tamoxifen HR = 1.56; 95% CI 1.03–2.35) as compared with patients assigned letrozole alone.
Conclusion When initiating or switching between adjuvant endocrine treatments in postmenopausal patients, age and medi-
cal history, with special attention to prior cardiovascular events, should be balanced with expected benefit of the treatment.
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Introduction

Aromatase inhibitors (AIs) improve disease outcomes, as 
compared with tamoxifen, among postmenopausal women 
with hormone receptor-positive early breast cancer and have 
become the standard of care [1]. The four-arm, randomized, 

double-blind, phase III BIG 1-98 trial, which compared 
5 years of adjuvant letrozole versus tamoxifen versus their 
sequences, was one of the trials establishing the role of AIs 
in this population [2–8]. Letrozole improved disease-free 
survival, overall survival, distant recurrence-free interval, 
and breast cancer-free interval as compared with tamoxifen 
after median follow-up of 8.1 years [6] and with longer fol-
low-up [8]. The safety profiles of the 4 treatment regimens 
differ substantially, in particular for the incidence of muscu-
loskeletal events, gynecological and vasoactive symptoms, 
and cardiovascular events. Women assigned to sequential 
treatment with tamoxifen followed by letrozole (tamox-
ifen → letrozole) more frequently discontinued treatment 
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(17.9% by 5  years) after switching because of adverse 
events when compared to the other 3 treatment arms. The 
letrozole-containing treatment arms had comparable rates 
of discontinuation up to 2 years (time of treatment switch in 
sequential arms), after which, the rates of discontinuation in 
the sequential arms increased [9].

The initial report of BIG 1-98 [2] described an increased 
number of thromboembolic AEs in patients assigned tamox-
ifen and a small increase in some types and grades of cardiac 
AEs in patients assigned letrozole. A more detailed report, 
after a median follow-up of 30 months [10], documented a 
low overall incidence of cardiovascular AEs, which differed 
between treatment arms. The current study investigates the 
effects of these treatment regimens on cardiovascular events 
over the entire 5-year treatment period, with particular focus 
on the effects of switching between the two agents.

Methods

BIG 1-98 is an international, multicenter, randomized, dou-
ble-blind, phase III trial that enrolled 8010 postmenopausal 
women with hormone receptor-positive operable invasive 
breast cancer [6]. Initially, between 1998 and 2000, 1828 
women were randomly assigned to receive monotherapy 
with letrozole (2.5 mg orally daily) or tamoxifen (20 mg 
orally daily) for 5 years. Beginning in 1999 until 2003, 6182 
women were randomly assigned to one of four arms: mono-
therapy with tamoxifen or letrozole for 5 years or sequen-
tial therapy consisting of letrozole for 2 years followed by 
tamoxifen for 3 years, or tamoxifen for 2 years followed by 
letrozole for 3 years. In this study, we focused on patients 
enrolled during the 4-arm randomization period. Patients 
who never started trial treatment were excluded.

During trial drug administration, AEs were reported for 
each 6-month period using checkboxes on the case report 
forms while grading used the National Cancer Institute’s 
(NCI) Common Toxicity Criteria Version 2.0. The follow-
ing targeted cardiovascular AEs were explicitly collected on 
the case report forms: myocardial infarction, cerebrovascu-
lar accident (CVA)/transient ischemic attack (TIA), angina 
requiring PTCA (percutaneous transluminal coronary angio-
plasty) or CABG (coronary artery bypass grafting), throm-
boembolic event, and hypercholesterolemia. Other AEs were 
collected using an open-text comment field for specifica-
tion by the investigator. Open-text fields were reviewed and 
coded according to MedDRA preferred terms by medical 
reviewers at the International Breast Cancer Study Group 
(IBCSG) Coordinating Center as part of the standard proce-
dures of this double-blind trial. Three additional groups of 
events were identified: cardiac failure, other cardiovascular 
event, and hypertension.

For the current study, AEs that occurred during the study 
treatment, or up to 30 days after patients discontinued treat-
ment, were considered in order to define eight cardiovascular 
event types. We determined the worst grade of any cardiac 
event reported, which included reports of ischemic heart dis-
ease (including myocardial infarction, coronary artery dis-
ease, and angina), arrhythmia and cardiac arrest, cardiac fail-
ure, cardiopathy, valvular disease/large vessel disease, ECG 
changes (such as electrical conduction blocks and bradycar-
dia), sudden cardiac death, and cardiac NOS. The maximum 
grade of other cardiovascular events was determined from 
AE reports coded as cardiovascular NOS or other vascular. 
The highest grades of hypercholesterolemia, hypertension, 
and CVA/TIA (only grades 3–5 were recorded) were each 
determined from a single coded AE type. We determined the 
highest grade of thromboembolic events, including reports 
of thromboembolism, deep vein thrombosis, phlebitis, and 
thrombosis.

We further determined the time to first event of each car-
diovascular event type, defined as time from randomization 
to the first report of the specific event type, or censored at 
30 days after the last dose of study treatment. For CVA/TIA, 
time to first grade 3–5 event was examined. For other events, 
time to both first grades 1–5 and first grades 3–5 was exam-
ined. Patients randomized to receive five years of tamoxifen, 
but who chose to cross over to letrozole subsequent to the 
publication of initial efficacy results, were included in the 
analysis only while on tamoxifen.

The baseline patient characteristics that were potential 
risk factors for developing cardiovascular events, including 
history of previous cardiovascular events, were summa-
rized according to treatment groups. Cumulative incidence 
of events of interest was estimated using the Kaplan–Meier 
method; no competing events were considered. Multivariate 
Cox proportional hazards models were used to estimate haz-
ard ratios (HR) with 95% confidence intervals (CI) for pair-
wise comparisons of treatment arms and to test for differ-
ences between treatment groups using a 3-degree of freedom 
Wald test. The models were adjusted for age at randomiza-
tion (> 65 years vs ≤ 65 years), body mass index (normal vs. 
overweight vs. obese), history of any cardiac events, CVA/
TIA events, hypercholesterolemia, hypertension, thrombo-
embolic events, and other cardiovascular events. Ischemic 
heart disease and cardiac failure are subevents of any cardiac 
event, and therefore, prior histories of these events were not 
included individually in the multivariate models.

Hazard rates for events of interest within a time inter-
val were calculated using the maximum likelihood esti-
mate from a piecewise exponential model. These estimates 
(reported per 100 person-years) are number of events occur-
ring within that time interval divided by the total patient 
time at risk during that time interval. A constant hazard was 
estimated within each time interval, and tests comparing 
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hazards between time intervals or between treatment arms 
were based on normal approximation of the difference 
between estimates.

There was no adjustment of p-values for multiple testing.

Results

Patients

Of the 6182 patients randomized during the 4-arm option, 
6144 patients started trial treatment and were included 
in this analysis. The median follow-up of the patients is 
45.8 months. In the population, 30.0% of patients were 
over age 65, 34.2% were overweight and 20.4% obese, 
and 17.6% were current smokers, while 18.9% were 
former smokers (Table 1). History of hypertension was 
frequent, reported for 32.3% of patients, 13.3% had his-
tory of hypercholesterolemia, and 6.0% of patients had 
history of prior cardiac events. Prior thromboembolic 
events were reported for 3.3% and CVA/TIA for 1.3% of 
patients. Medical histories were well balanced across the 
four treatment arms (Fig. 1).

While on study treatment, 6.5% of patients had any car-
diac events reported; for 2.4% of patients, the event was 
grades 3–5, of which 11 (0.2%) were grade 5 (Table 2). 
Ischemic heart disease was reported for 2.0% of patients 
(1.2% grades 3–5) and cardiac failure for 1.0% of patients 
(0.5% grades 3–5). Results of the multivariate Cox mod-
els are shown in Supplemental (S) tables online. No dif-
ference among treatment arms was observed in time to any 
grade 1–5 cardiac event (Fig. 2a; adjusted overall p = 0.33; 
Table S1), but differences emerged for time to any grade 
3–5 cardiac events (Fig. 2b, adjusted overall p = 0.05). After 
adjustment for baseline risk factors, letrozole monotherapy 
was associated with significantly higher risk of any grade 
3–5 cardiac event (HR = 1.83; 95% CI, 1.14–2.93) compared 
to tamoxifen monotherapy more so than sequential therapy 
(relative to tamoxifen monotherapy, tamoxifen → letro-
zole HR = 1.18; 95% CI, 0.71–1.96; letrozole → tamoxifen 
HR = 1.24; 95% CI 0.75–2.06). Age older than 65, smoking 
history and obesity at randomization (p < 0.001, p = 0.004, 
p = 0.004, respectively) and history of prior CVA/TIA, any 
prior cardiac event, and hypertension (p = 0.03, p < 0.001, 
p = 0.006, respectively) were associated with higher risk of 
any grade 3–5 cardiac event during treatment (Table S2).

Table 1  Baseline patient characteristics and history of cardiovascular events prior to treatment, by randomized treatment arm and overall

a ischemic heart disease and cardiac failure are subevents of any cardiac event

Tamoxifen
(N = 1541)

Letrozole
(N = 1535)

Tamoxifen → Letrozole
(N = 1541)

Letrozole → Tamoxifen
(N = 1527)

Overall
(N = 6144)

N % N % N % N % N %

Smoker 20 1.3 23 1.5 21 1.4 27 1.8 91 1.5
Missing
Current 287 18.6 268 17.5 274 17.8 250 16.4 1079 17.6
Former 298 19.3 287 18.7 294 19.1 285 18.7 1164 18.9
Never 936 60.7 957 62.3 952 61.8 965 63.2 3810 62.0
BMI 54 3.5 61 4.0 44 2.9 44 2.9 203 3.3
Missing
Normal 646 41.9 642 41.8 649 42.1 645 42.2 2582 42.0
Overweight 522 33.9 528 34.4 535 34.7 519 34.0 2104 34.2
Obese 319 20.7 304 19.8 313 20.3 319 20.9 1255 20.4
Age at enrollment 1079 70.0 1090 71.0 1075 69.8 1055 69.1 4299 70.0
Age ≤ 65
Age > 65 462 30.0 445 29.0 466 30.2 472 30.9 1845 30.0
History of any cardiac events 100 6.5 88 5.7 88 5.7 90 5.9 366 6.0
History of ischemic heart  diseasea 35 2.3 24 1.6 24 1.6 31 2.0 114 1.9
History of cardiac  failurea 5 0.3 1 0.1 2 0.1 6 0.4 14 0.2
History of CVA/TIA events 17 1.1 25 1.6 24 1.6 16 1.0 82 1.3
History of hypercholesterolemia 180 11.7 223 14.5 203 13.2 212 13.9 818 13.3
History of hypertension 493 32.0 483 31.5 525 34.1 484 31.7 1985 32.3
History of thromboembolic events 48 3.1 51 3.3 49 3.2 55 3.6 203 3.3
History of other cardiovascular events 54 3.5 79 5.1 81 5.3 78 5.1 292 4.8
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Fig. 1  Patient Inclusion Dia-
gram. ITT intention-to-treat, 
Tam tamoxifen, Let letro-
zole,  → indicates sequence of 
2 years of one agent followed by 
3 years of the other agent

8,010 patients (BIG 1-98 ITT Population)

6,182 patients (4-arm randomization option)

Excluded: 1,828 patients enrolled during 2-arm monotherapy
randomization

Excluded: 38 patients did not start assigned therapy
(Tam 7; Let 11 ; L>T 13; T>L 7)

6,144 patients analyzed

1,541
patients
(Tam)

1,535
patients
(Let)

1,527 patients
(L->T)

1,541 patients
(T->L)

Table 2  Incidence of cardiovascular events during 5 years of treatment, by randomized treatment arm and overall

a ischemic heart disease and cardiac failure are subevents of any cardiac event

Tamoxifen 
(N = 1541)

Letrozole (N = 1535) Tamoxifen → Letro-
zole (N = 1541)

Letrozole → Tamox-
ifen (N = 1527)

Overall
(N = 6144)

N % N % N % N % N %

Any cardiac events
 Grades 1–5 86 5.6 103 6.7 113 7.3 95 6.2 397 6.5
 Grades 3–5 28 1.8 51 3.3 35 2.3 35 2.3 149 2.4
 Grade 5 2 0.1 3 0.2 1 0.1 5 0.3 11 0.2

Ischemic heart  diseasea

 Grades 1–5 22 1.4 40 2.6 37 2.4 26 1.7 125 2.0
 Grades 3–5 12 0.8 26 1.7 20 1.3 14 0.9 72 1.2

Cardiac  failure1

 Grades 1–5 17 1.1 16 1.0 12 0.8 15 1.0 60 1.0
 Grades 3–5 9 0.6 10 0.7 5 0.3 8 0.5 32 0.5

Other cardiovascular event
 Grades 1–5 13 0.8 21 1.4 7 0.5 15 1.0 56 0.9
 Grades 3–5 1 0.1 2 0.1 0 0 3 0.2 6 0.1

Hypercholesterolemia
 Grades 1–5 377 24.5 816 53.2 637 41.3 679 44.5 2509 40.8
 Grades 3–5 3 0.2 5 0.3 6 0.4 9 0.6 23 0.4

Hypertension
 Grades 1–5 86 5.6 86 5.6 96 6.2 81 5.3 349 5.7
 Grades 3–5 28 1.8 27 1.8 40 2.6 39 2.6 134 2.2

Thromboembolic events
 Grades 1–5 76 4.9 40 2.6 75 4.9 62 4.1 253 4.1
 Grades 3–5 41 2.7 17 1.1 52 3.4 36 2.4 146 2.4

CVA/TIA events
 Grades 3–5 24 1.6 22 1.4 30 1.9 26 1.7 102 1.7
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Fig. 2  Cumulative 
incidences plots of 
events of a time to 
any grade 1–5 cardiac 
events, b time to any 
grade 3–5 cardiac 
events, c time to any 
grade 1–5 ischemic 
heart disease, d 
time to any grade 
3–5 ischemic heart 
disease, e time to any 
grade 1–5 cardiac 
failure, and f time to 
any grade 3–5 cardiac 
failure. No competing 
events were consid-
ered. Tam tamoxifen, 
Let letrozole, → indi-
cates sequence of 
2 years of one agent 
followed by 3 years 
of the other agent 0.
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For the specific cardiac events, differences among 
treatment groups were more apparent, including time to 
grade 1–5 ischemic heart disease (Fig. 2c; adjusted over-
all p = 0.12, Table S3) and grade 3–5 ischemic heart dis-
ease (Fig. 2d; adjusted overall p = 0.17, Table S4). After 
adjustment for baseline risk factors, including age older 
than 65, obesity, history of any prior cardiac events, and 
hypertension (p < 0.0001, p = 0.03, p = 0.02 and p = 0.03, 
respectively; Table S3), letrozole monotherapy was associ-
ated with higher risk of grade 1–5 ischemic heart disease 
(HR = 1.81; 95% CI, 1.06–3.08) compared with tamoxifen 
monotherapy. This association was observed to a lesser 
degree among patients on sequential tamoxifen → letro-
zole (HR = 1.59; 95% CI, 0.92–2.74) but not for those on 
sequential letrozole → tamoxifen (HR = 1.20; 95% CI, 
0.68–2.14). Similar results were observed for grade 3–5 
ischemic heart disease (Table S4).

For patients who received sequential tamoxifen → letro-
zole, the hazard of grade 1–5 ischemic heart disease was 
similar while receiving tamoxifen but remained high dur-
ing subsequent letrozole treatment compared with patients 
who received tamoxifen monotherapy whose hazard was 
lower during the later years of tamoxifen monotherapy 
(hazards 0.047 tamoxifen → letrozole vs 0.044 tamoxifen 

during the first two years of tamoxifen, p = 0.84; 0.050 
tamoxifen → letrozole vs. 0.020 tamoxifen during the 
subsequent three years, p = 0.008; Fig. 2c). Similarly for 
patients on sequential letrozole → tamoxifen, the hazard 
of ischemic heart disease declined and was lower during 
the subsequent 3 years of tamoxifen compared to patients 
on 5 years letrozole (hazards 0.042 letrozole → tamoxifen 
vs 0.047 letrozole during the first two years of letrozole, 
p = 0.75; 0.029 letrozole → tamoxifen vs 0.055 letrozole 
during subsequent 3 years, p = 0.06).

For cardiac failure, no statistically significant differences 
were observed among treatment groups for time to grade 1–5 
cardiac failure (Fig. 2e; relative to tamoxifen monotherapy, 
letrozole monotherapy HR = 1.00, 95% CI 0.50–2.00; tamox-
ifen → letrozole HR = 0.67, 95% CI 0.31–1.46; and letro-
zole → tamoxifen HR = 0.88, 95% CI 0.43–1.80, adjusted 
overall p = 0.73), or for time to grade 3–5 cardiac failure 
(Fig. 2f; relative to tamoxifen monotherapy, letrozole mono-
therapy HR = 1.04, 95% CI 0.42–2.57; tamoxifen → letrozole 
HR = 0.52, 95% CI 0.17–1.57; and letrozole → tamoxifen 
HR = 0.74, 95% CI 0.27–1.99, adjusted overall p = 0.58).

The time to grade 1–5 hypercholesterolemia differed 
among groups (Fig. 3a; relative to tamoxifen monotherapy, 
letrozole monotherapy HR = 2.77, 95% CI 0.2.45–3.14; 
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tamoxifen → letrozole HR = 1.74, 95% CI 1.53–1.98; 
and letrozole → tamoxifen HR = 2.28, 95% CI 2.00–2.59, 
adjusted overall p < 0.0001), with incidence rates ranging 
from 24.5% on tamoxifen monotherapy to 53.2% on letro-
zole monotherapy. Grade 3–5 hypercholesterolemia only 
occurred in 23 patients (about 0.4%, Table 2). The reduced 
incidence of hypercholesterolemia under tamoxifen mono-
therapy was noted previously [10]. The pattern for grade 1–5 
hypercholesterolemia on sequential therapy echoed that of 
ischemic heart disease. For patients on sequential tamox-
ifen → letrozole, the hazard of hypercholesterolemia was 
greater during letrozole treatment compared to tamoxifen 
monotherapy (hazards 0.76 tamoxifen → letrozole vs 0.89 
tamoxifen during the first 2 years of tamoxifen, p = 0.07; 
1.46 tamoxifen → letrozole vs 0.35 tamoxifen during the 
subsequent 3 years, p < 0.001). For patients on sequential 
letrozole → tamoxifen, the hazard of hypercholesterolemia 
was lowest during the final 3 years of tamoxifen compared 
to letrozole monotherapy (hazards 2.45 letrozole → tamox-
ifen vs 2.55 letrozole during the first 2 years of letrozole, 
p = 0.48; 0.26 letrozole → tamoxifen vs 0.81 letrozole during 
the subsequent 3 years, p < 0.001). No differences among 
treatment groups were observed for time to grade 3–5 hyper-
cholesterolemia (Fig. 3b; relative to tamoxifen monotherapy, 
letrozole monotherapy HR = 1.56, 95% CI 0.37–6.54; tamox-
ifen → letrozole HR = 1.59, 95% CI 0.38–6.69; and letro-
zole → tamoxifen HR = 3.09, 95% CI 0.83–11.5, adjusted 
overall p = 0.30).

While on treatment, grade 1–5 hypertension was reported 
for 5.7% of patients (2.2% grades 3–5, Table 2). There 
were no differences among the treatment groups (Fig. 3c, 
relative to tamoxifen monotherapy, letrozole monother-
apy HR = 0.96, 95% CI 0.71–1.31; tamoxifen → letrozole 
HR = 1.18, 95% CI 0.87–1.58; and letrozole → tamoxifen 
HR = 0.96, 95% CI 0.70–1.30, adjusted overall p = 0.47), 
not for grade 3–5 hypertension (Fig. 3d, relative to tamox-
ifen monotherapy, letrozole monotherapy HR = 0.95, 95% 
CI 0.54–1.65; tamoxifen → letrozole HR = 1.54, 95% CI 
0.93–2.54; and letrozole → tamoxifen HR = 1.41, 95% CI 
0.85–2.35, adjusted overall p = 0.14).

Other cardiovascular events were reported for 0.9% of 
patients (0.1% grades 3–5). No significant differences were 
observed among the treatment arms for time to other grade 
1–5 cardiovascular events (adjusted overall p = 0.12) nor 
for time to other grade 3–5 cardiovascular events (adjusted 
overall p = 0.88).

While on study treatment, 4.1% of patients had any grade 
1–5 thromboembolic events reported; for 2.4% of patients, 
the event was grade 3–5 (Table 2). The time to thromboem-
bolic events differed among the groups both for time to grade 

1–5 events (Fig. 3e; adjusted overall p = 0.001, Table S5) 
and for the subset of grade 3–5 events (Fig. 3f, adjusted 
overall p = 0.001, Table S6). After adjusting for baseline 
risk factors (including age over 65 years [p < 0.001], over-
weight or obesity [p = 0.01], history of prior thromboem-
bolic event [p < 0.001], cardiovascular event [p < 0.001], and 
hypertension [p = 0.005]), patients on tamoxifen-containing 
regimens had significantly higher risk of grade 1–5 throm-
boembolic events (tamoxifen monotherapy HR = 2.10, 95% 
CI 1.42–3.12; tamoxifen → letrozole HR = 1.96, 95% CI 
1.32–2.92; and letrozole → tamoxifen HR = 1.56, 95% CI 
1.03–2.35; Table S5) as compared with patients on letro-
zole monotherapy. Similar results were observed for grade 
3–5 thromboembolic events (Table S6). For patients on 
sequential letrozole → tamoxifen, the hazard of grade 1–5 
thromboembolic events increased during the last 3 years on 
tamoxifen and was higher compared to patients who received 
letrozole monotherapy (hazards 0.048 letrozole → tamoxifen 
vs 0.053 letrozole during the first two years of letrozole, 
p = 0.77; 0.11 letrozole → tamoxifen vs 0.05 letrozole during 
the subsequent three years, p = 0.002; Fig. 3e). For patients 
on sequential tamoxifen → letrozole, the hazard of thrombo-
embolic events declined during the last 3 years on letrozole 
and tended to be lower compared to patients who received 
tamoxifen monotherapy (hazards 0.17 tamoxifen → letro-
zole vs 0.14 tamoxifen during the first 2 years of tamoxifen, 
p = 0.27; 0.04 tamoxifen → letrozole vs 0.07 tamoxifen dur-
ing the subsequent 3 years, p = 0.07; Fig. 3e).

Grade 3–5 CVA/TIA was reported for 1.7% of patients 
while on treatment. No differences among the treatment 
groups were observed for time to CVA/TIA (Fig. 4; rela-
tive to tamoxifen monotherapy, letrozole monotherapy 
HR = 0.87, 95% CI 0.49–1.56; tamoxifen → letrozole 
HR = 1.18; 95% CI 0.69–2.02; and letrozole → tamoxifen 
HR = 1.02, 95% CI 0.58–1.78, adjusted overall p = 0.76).

Discussion

In this analysis, we present detailed data about thrombo-
embolic and cardiovascular events occurring during treat-
ment with letrozole and/or tamoxifen in patients enrolled 
during the 4-arm randomization period of the randomized, 
double-blind BIG 1-98 trial. No differences were observed 
in the incidence rate of new or worsening hypertension or 
in the incidence rate of severe hypercholesterolemia (grade 
3 and higher) as well as for CVA/TIA. Cholesterol-lowering 
medication was initiated more often among patients in the 
letrozole monotherapy arm compared to the tamoxifen and 
sequential arms [11]. These findings are in line with the 
known beneficial effect of tamoxifen on the lipid profile [12], 
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although the role of the different cardiometabolic effects of 
endocrine treatment is still not fully explained and further 
studies are needed [13, 14]. As expected, patients treated 
with tamoxifen alone and tamoxifen followed by letrozole 
appeared to have a higher incidence of thromboembolic 
events during treatment with tamoxifen. For patients receiv-
ing two years of initial letrozole, the rate of thromboembolic 
events increased dramatically after they switched to tamox-
ifen. Patients at risk for such events, in particular those with 
a history of previous thromboembolic events, hypertension 
or other cardiovascular disease, should be cautious when 

considering the use of adjuvant treatment with tamoxifen. 
Patients on the letrozole monotherapy showed a higher inci-
dence of grade 3–5 cardiac events and of grade 3–5 ischemic 
heart disease, in particular those over 65 years of age. But, 
generally the incidence of clinically relevant thromboem-
bolic and cardiovascular events, in particular grade 3 and 
higher, was low with both drugs and comparable with data 
from other trials using an AI and tamoxifen [1, 15–18]; how-
ever, these results are sometime inconsistent and the meth-
ods used to evaluate the safety are different. In particular 

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

Months from randomization

An
y

G
1−

5
H

yp
er

ch
ol

es
tro

m
ia

(%
)

Tam
Let
Tam−−>Let
Let −−>Tam

0 12 24 36 48 60

No. at Risk

Tam 1541 1246 1064 914 757 541

Let 1535 972 738 617 537 410

Tam−>Let 1541 1266 1094 812 644 480

Let−>Tam 1527 995 715 632 578 464

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

Months from randomization
G

3−
5

H
yp

er
ch

ol
es

tro
m

ia
(%

)

Tam
Let
Tam−−>Let
Let −−>Tam

0 12 24 36 48 60

No. at Risk

Tam 1541 1425 1314 1161 799 490

Let 1535 1408 1325 1244 1173 958

Tam−>Let 1541 1408 1302 1189 1105 892

Let−>Tam 1527 1383 1294 1195 1114 892

0.
00

0.
02

0.
04

0.
06

0.
08

0.
10

Months from randomization

An
y

G
1−

5
H

yp
er

te
ns

io
n(

%
)

Tam
Let
Tam−−>Let
Let −−>Tam

0 12 24 36 48 60

No. at Risk

Tam 1541 1406 1277 1158 1042 766

Let 1535 1394 1290 1198 1118 927

Tam−>Let 1541 1392 1275 1145 1043 844

Let−>Tam 1527 1368 1259 1150 1067 857

0.
00

0.
02

0.
04

0.
06

0.
08

0.
10

Months from randomization

G
3−

5
H

yp
er

te
ns

io
n(

%
)

Tam
Let
Tam−−>Let
Let −−>Tam

0 12 24 36 48 60

No. at Risk

Tam 1541 1419 1296 1146 786 483

Let 1535 1404 1316 1232 1158 941

Tam−>Let 1541 1403 1290 1171 1081 867

Let−>Tam 1527 1377 1277 1174 1093 872

0.
00

0.
02

0.
04

0.
06

0.
08

0.
10

Months from randomization

An
y

G
1−

5
Th

ro
m

bo
em

bo
lic

Ev
en

ts
(%

)

Tam
Let
Tam−−>Let
Let −−>Tam

0 12 24 36 48 60

No. at Risk

Tam 1541 1406 1287 1176 1075 795

Let 1535 1405 1316 1228 1152 967

Tam−>Let 1541 1389 1272 1167 1087 893

Let−>Tam 1527 1378 1289 1178 1098 896

0.
00

0.
02

0.
04

0.
06

0.
08

0.
10

Months from randomization

An
y

G
3−

5
Th

ro
m

bo
em

bo
lic

Ev
en

ts
(%

)

Tam
Let
Tam−−>Let
Let −−>Tam

0 6 12 24 36 48 60

No. at Risk

Tam 1541 1416 1300 1194 1093 809

Let 1535 1408 1324 1241 1169 984

Tam−>Let 1541 1398 1287 1182 1099 902

Let−>Tam 1527 1384 1295 1191 1112 906

Fig. 3  Cumulative incidences plots of events of time to any grade 1–5 
hypercholesterolemia, time to grade 3–5 hypercholesterolemia time 
to any grade 1–5 hypertension, time to any grade 3–5 hypertension 
time to any grade 1–5 thromboembolic events, and time to any grade 

3–5 thromboembolic events. No competing events were considered. 
Tam tamoxifen, Let letrozole, → indicates sequence of 2 years of one 
agent followed by 3 years of the other agent



705Breast Cancer Research and Treatment (2021) 185:697–707 

1 3

the ATAC trial [19] showed no significant difference in 
the occurrence of ischemic cardiovascular events, but the 
adverse events were not collected in a systematic predefined 
way. In a recently published population-based cohort study 
[20], aromatase inhibitors were associated with increased 
risks of heart failure and cardiovascular mortality compared 
with tamoxifen, this confirming the result of a systematic 
review and meta-analysis of randomized controlled trials 
and observational studies [21].

BIG1-98 showed a clinically meaningful improved DFS 
and in OS with IPCW analysis for the use of letrozole espe-
cially for patients at higher risk [22, 23]. However, for post-
menopausal patients taking adjuvant endocrine treatment, 
the initial choice of agents, and also switching between 
endocrine agents, should be considered and balanced with 
the medical history, with special attention for cardiovascular 

events and the age of the patient, with the expected benefit 
of the treatment.
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