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Abstract
The Stockholm Breast Cancer Study Group conducted a randomized trial during 1976 through 1990 comparing adjuvant
tamoxifen versus control. A total of 2 738 postmenopausal women with invasive, early stage disease were randomised
between tamoxifen for 2 or 5 years, or no adjuvant endocrine therapy. Among high-risk patients the treatment was given
against a background of either postoperative, locoregional radiation or CMF-type chemotherapy. The median follow up was
18 years (range 11 � 25 years). There was a statistically significant (p�/0.001) interaction between ER status and tamoxifen
with no treatment benefit among receptor negatives. PgR-status had little additional predictive value. Among ER-positive
patients tamoxifen reduced locoregional recurrences by 48%, contralateral breast cancers by 54%, distant metastases by
28%, and all events by 24% (pB/0.001). On the other hand, there was a substantial increase of endometrial cancer
associated with tamoxifen. There was no effect of tamoxifen on intercurrent mortality whereas breast cancer deaths were
reduced by 31% (pB/0.001) and overall mortality by 15% (p�/0.01). Tamoxifen produced long-term benefits among
estrogen receptor positive patients in terms of breast cancer-related events, but also an increased incidence of endometrial
cancer. Despite long-term follow-up we observed no benefit with tamoxifen in terms of cardiovascular mortality.

In the mid 1970s the Stockholm Breast Cancer

Study Group initiated a comprehensive program for

the diagnosis, treatment and follow-up of women

with breast cancer in the Stockholm area. The

program, which is still on-going, includes clinical

practice guide-lines and entails an extensive multi-

disciplinary collaboration between all those involved

in breast cancer care. The purpose is to ensure a

good and equal care for all patients in the region

irrespective of, for instance, domicile or socioeco-

nomic status. Only a few years after its initiation, the

program covered about 90% of all new breast cancer

cases in the area. Within the context of the program

a controlled trial of adjuvant tamoxifen among

postmenopausal women was initiated in 1976.

Tamoxifen was introduced in the early 1970s for

the treatment of advanced breast cancer. In the mid

1970s several international research groups consid-

ered it appropriate to evaluate the potential of the

drug in the adjuvant setting.

The Stockholm trial included both ‘‘low- risk’’,

node-negative and ‘‘high-risk’’ (typically node-posi-

tive) patients in order to evaluate the effect of

adjuvant tamoxifen in a wide variety of patients

with primary, operable disease. Among the high-risk

patients, a 2�/2 factorial study design was used

which permitted the tamoxifen comparison being

conducted concurrently with a comparison of post-

operative radiation therapy versus adjuvant che-

motherapy [1].

The trial only included postmenopausal patients

because in the mid 1970s the effect of the drug in

premenopausal patients was not considered well

established. There was no selection to the trial on

the basis of hormone receptor status since its

treatment predictive value in the adjuvant setting at

the time was considered uncertain. However, pro-

spectively collected data on receptor status were

available in about 85% of the patients included in

the trial.
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The study was open for patient entry until 1990.

At that time, there were convincing data from

the overview of adjuvant tamoxifen trials showing a

clinically worthwhile survival benefit with tamoxifen

[2]. Due to these results the randomization was

considered unethical and the trial was closed for

patient entry. Preliminary results of the trial were

reported previously [3�7]. However, this is the

first report including all 2 738 randomized patients.

The median follow-up was 18 years (range: 11�25

years).

Material and methods

The trial design was described in detail previously

[3�7]. In summary, tamoxifen (TAM) given post-

operatively at a dose of 40 mg daily for 2 or 5 years

was compared to no adjuvant endocrine therapy

among postmenopausal women with a histologically

verified invasive, unilateral breast cancer. A woman

was considered postmenopausal if more than 6

months had elapsed since her last menstrual period.

After a hysterectomy a woman was considered

postmenopausal if aged above 50 years. The upper

age limit was 70 years. Reasons for exclusion from

the trial was inoperable local disease, distant metas-

tases at the time of primary diagnosis, other con-

current cancers, medical contraindications to the

treatment, and surgery which deviated from that

stipulated in the protocol.

The design of the trial is summarised in Figure 1.

Prior to randomization the patients were stratified

into four groups according to tumor stage, type of

surgery and concomitant therapy: 1) ‘‘low risk’’

patients (defined as those with a node negative

tumour and a tumor diameter-measured on the

surgical specimen � less than 30 mm) treated with a

modified radical mastectomy, 2) ‘‘low risk’’ patients

treated with breast conserving surgery plus radiation

therapy to the breast parenchyma (50 Gy/5 weeks), 3)

‘‘high risk’’ patients (defined as those with a node

positive tumour or a tumor diameter-measured on the

surgical specimen � more than 30 mm) treated with a

modified radical mastectomy and randomly allocated

between locoregional radiation therapy (RT, 46 Gy/

4½ weeks) and adjuvant chemotherapy (CT, this

group of patients constituted a separate stratum in a

concurrent randomized trial of postoperative radia-

tion therapy versus adjuvant chemotherapy), and 4)

‘‘high risk’’ patients treated with a modified radical

mastectomy followed by RT (these were typically

patients unwilling to participate in the mentioned

concurrent randomized trial of RT versus CT or

patients considered unfit to receive CT).

Randomization was by telephone to a central

office where the patients’ identifiers were recorded

before the allocated treatment was revealed to the

responsible physician. Randomization was done

using balanced lists prepared with a random number

table according to a permuted block technique. The

patients were stratified according to treatment centre

and tumor stage, type of surgery, and concomitant

treatment as previously mentioned. In each stratum

the patients were randomly allocated between ad-

juvant TAM and no adjuvant endocrine therapy.

This implied that the ‘‘low risk’’ patients were

allocated between TAM and no adjuvant systemic

treatment. The ‘‘high-risk’’ patients were rando-

mized between TAM and no adjuvant endocrine

therapy against a background of either CTor RT. No

patient for whom a treatment was allocated was

subsequently withdrawn from the analysis.

The treatment predictive ability of hormone

receptor determinations in the adjuvant setting was

considered uncertain in the mid 1970s. Therefore,

there was no selection of patients to the trial on

the basis of receptor content. However, prospec-

tively collected data on estrogen receptor (ER) and

”High-risk” tumors
(pN + or > 3 cm)
- RT vs CT (n = 679)
- RT (n = 279) 

“Low-risk” tumors
(pNO and = 3 cm)
- mod. rad.
  mastectomy (n = 1 348)
- breast. cons.
  surgery + RT (n = 432) 

Randomization

Tamoxifen
for 2 years

(40 mg daily
n = 1 374)

No adjuvant
endocrine
therapy

n = 1 364

Disease-free
at 2 years

Tamoxifen
for 3 years

n = 400

No further
therapy
n = 396

Randomization

Stratification
by extent of
disease &
primary
therapy

Figure 1. Summary of trial design
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progesterone receptor (PgR) content were available

in 2 339 (85%) and 1 897 (69%) patients, respec-

tively. All assays were done in one laboratory.

Isoelectric focusing (IF) as previously described

was used for patients included in the trial before

1988 [8]. In 1988, the IF technique was replaced by

quantitative enzyme-immunoassays [9,10]. The re-

ceptor values were normalized to DNA content as

measured by Burton [11].

Patients with data on estrogen receptor content

had slightly larger tumors and were somewhat more

frequently node positive than the patients without

such data but there was only a marginal difference in

regard to age between these two groups (data not

shown). There were no substantial differences be-

tween the patients with and without data on proges-

terone receptor content in regard to age, tumor size,

or nodal status (data not shown).

A cut-off level of 0.05 fmol/microgram DNA was

used to reproducibly distinguish receptor positive

patients from receptor-poor/receptor-negative pa-

tients. We also investigated the treatment-predictive

ability of other cut-off values.

Owing to a temporary shortage of radiation

treatment capacity in the Stockholm area the con-

current randomization between radiation therapy

and chemotherapy was deliberately unbalanced dur-

ing March 1982 through May 1985: 2/3 of the

patients were randomized to chemotherapy and 1/3

to radiation therapy. This explains the unbalanced

number of patients included in the RT and CT

groups. In total, 462 patients were allocated to the

RT groups and 558 to the CT groups.

RT was initiated within 4�6 weeks of surgery. It

was given with high-voltage technique. For ‘‘high-

risk’’ patients the dose was 46 Gy with 2 Gy per

fraction 5 days a week for a total treatment time of

about 4½ weeks. The target volume included the

chest wall, axilla, supraclavicular fossa and the

ipsilateral internal mammary nodes. The treatment

was individually planned in all cases. Dose planning

of fields covering the chest wall and internal mam-

mary nodes was 2-dimensional and based on one

cross section at the mamillary plane. The chest wall

was typically irradiated with 7�14 MeV electrons

and the lymph node areas with Co-60 or 4�6 MV

photons. Radiation therapy to the breast was an

integral part of breast conserving surgery among

‘‘low-risk’’ patients (in practice, breast conservation

was not a treatment option for ‘‘high-risk’’ patients at

the time of the trial). The dose was 50 Gy with 2 Gy

per fraction 5 days a week for a total treatment time

of about 5 weeks. The target volume included the

breast parenchyma. The treatment was individually

planned in all cases. Dose planning was 2-dimen-

sional and based on one cross section at the

mamillary plane. The treatment was given with

Co-60 or 4�6 MV photons using a standard

tangential treatment technique.

For ‘‘high-risk’’ patients participating in the RT

versus CT randomisation the chemotherapy protocol

after 1978 was the same as in the first Milan trial

[12], that is, 12 courses of CMF (cyclophosphamide

100 mg/m2 orally on day 1�14, methotrexate 40 mg/

m2 i.v. on day 1 and 8, 5-fluorouracil 600 mg/m2 i.v.

on day 1 and 8). However, during the first 18

months of the study cyclophosphamide was replaced

by chlorambucil 10�15 mg orally on day 1�8 and up

to 18 months was allowed for the 12 courses to avoid

dose reductions. Because of prolonged thrombocy-

topenia in some patients, the regimen was changed

to the mentioned CMF regimen in 1978 and the

cycle length was shortened to 28 days. Dose reduc-

tions were scheduled in case of hematological or

gastrointestinal toxicity. Despite such reductions it

was difficult to administer the chemotherapy to older

women owing to drug toxicity. Therefore, the upper

age limit in the CT versus RT trial was lowered to 65

years in 1980. In 1988, the protocol was amended to

include six courses of chemotherapy instead of 12

since the overview of adjuvant chemotherapy trials

did not indicate any advantage with regimens of

longer versus shorter durations.

TAM (40 mg daily) was initiated within 2�4

weeks of surgery. The drug was thus administered

concurrently with either radiation or chemotherapy.

The protocol duration of treatment was initially 2

years. However, a new trial was initiated in 1983:

TAM patients who were disease-free at 2 years were

randomly allocated to 1) discontinue TAM, or 2) to

continue for 3 years, that is, a total treatment period

of 5 years. The details and results of this trial were

reported previously [13]. As some TAM patients

were allocated to 2 years and some to 5 years of

treatment, the average protocol duration of therapy

was 2.9 years. About 4% of the patients allocated to

tamoxifen did not start such therapy. The most

common reasons were administrative error or patient

refusal.

During 1976�1990 a total of 2 738 patients

entered the trial of whom 1780 (65%) had ‘‘low-

risk’’ tumours. The original protocol did not include

a target sample size. Instead, the trial was open until

1990, that is, until information was available from

the Oxford overview of adjuvant trials unequivocally

showing a clinically worthwhile survival benefit with

adjuvant TAM [2]. At that time, it was considered

unethical to withhold adjuvant TAM and the trial

was closed for entry.

Patients who had been diagnosed less than one

year before the trial was closed and who had been

allocated to the untreated control group were

Adjuvant tamoxifen in postmenopausal breast cancer 135



informed about the potential benefits of adjuvant

tamoxifen and were given the option to start such

therapy on an individual basis. In total c. 1% of the

patients allocated to the control group received

adjuvant tamoxifen, either because of an adminis-

trative error, patient preferences, or because they

were offered such therapy after the trial was closed

for entry.

The trial protocol was approved by the Karolinska

Institute’s Research Ethics Committee.

Follow-up visits took place once every 3 months

during the first 2 years, every 6 months during 2 � 5

years and yearly thereafter. Routine visits included a

physical examination and an annual mammogram.

Chest x-rays, bone scans, blood-tests, biopsies etc.

were only done if clinical signs or symptoms

indicated a possible relapse. The treatment after

disease recurrence was decided individually for each

patient by the responsible clinician.

The vital status of all patients was checked against

regional population registers and the Swedish Cause

of Death Registry. All patients were also checked

against the Swedish Cancer Registry. The common

end-date for follow-up was January 1, 2002. The

median follow-up was 18 years (range: 11�25 years).

A total of 20 patients (0.7%) were lost to follow-up

due to emigration.

Overall and event-free survival (EFS) was esti-

mated according to the Kaplan-Meier technique

[14]. The end-point in calculations of EFS was any

event, that is, disease recurrence, contralateral

breast cancer, other cancer, or death without a

reported recurrence. Loco-regional recurrence was

defined as a relapse on the chest wall or in the

ipsilateral regional nodes. This implied that supra-

clavicular recurrences were recorded as loco-regio-

nal. Patients with synchronous loco-regional and

distant recurrence were considered to have had

distant recurrence as their first event. The informa-

tion concerning second cancer as a first event was

primarily based on information supplied by the

responsible clinician to the trial centre. However, in

these cases the clinical information was supplemen-

ted with data from the Swedish Cancer Registry on

tumor site and histopathology. The trial protocol

did not specify the clinical work-up needed to

distinguish a new primary malignancy from a

distant metastasis from the patient’s primary breast

cancer. This was left to the discretion of the

responsible physician.

Crude cumulative incidence rates, that is, the

failure probability for a particular type of event in

the presence of other events, were estimated using

the Kaplan-Meier technique generalized to include

competing risks [15]. Survival time distributions

were compared with the log-rank test [16]. Hazard

rate ratios (relative hazard, RH) and 95% confidence

intervals (95% C. I.) were estimated using Cox’s

proportional hazards model [17]. Tests of interac-

tions between treatment and various covariates were

done by inclusion of product terms in the models.

Deaths among patients with a reported locoregio-

nal and/or distant recurrence were recorded as due

to breast cancer. The cause of death among other

deceased patients was recorded as the underlying

cause of death reported by the Swedish Cause of

Death Registry.

All randomized patients were included in the

analyses irrespective of eligibility or exclusion cri-

teria. The analyses were on the basis of intention to

treat. No analyses were done on the basis of

treatment received.

Preliminary results of the trial have been published

previously [3�7]. However, this is the first publica-

tion including all 2 738 randomized patients

Results

The TAM and control group were well balanced in

regard to clinical characteristics. This held true

both for the high-risk and the low-risk stratum

(Table I).

All patients

Patients allocated to TAM showed statistically sig-

nificant reductions of locoregional recurrences,

distant metastases, and contralateral breast cancers,

but also an increase of second cancers, resulting in a

net overall relative reduction of events with 16%

(pB/0.001, Table II). There was a reduction of

deaths due to breast cancer among the TAM patients

corresponding to a relative reduction of 24%

(pB/0.001), but also an 18% increase of deaths

due to intercurrent causes which was of borderline

statistical significance (p�/0.07). There was no

beneficial effect of TAM on cardiovascular mortality

(RH: 1.07) although the 95% confidence interval for

this estimate was relatively wide. Overall mortality

was reduced by 10% (p�/0.06) (Table II).

An analysis of events by period of follow-up

(Table III) showed that disease recurrences and total

deaths were reduced among the TAM patients

mainly during the first 10 years whereas the relative

hazards thereafter were close to or above unity.

Breast cancer deaths, on the other hand, appeared

to be reduced also during 10�14 years as well as 15�
19 years although the confidence intervals for the

relative hazards were wide and included unity.

Cumulative event-free and overall survival are dis-

played graphically in Figure 2.
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Table II. Analysis of first events and cause specific mortality among all patients.

Number of events (%)
Hazard ratioa,c

(95% confidence interval)Type of event TAM�/ TAM�/ p-valueb,c

First events:

a. Loco-regional recurrence 205 (15.0) 151 (11.0) 0.66 (0.53�0.81) B/0.001

- Chest wall 133 (9.8) 87 (6.3)

- Axilla 37 (2.7) 39 (2.8)

- Supraclavicular fossa 35 (2.5) 25 (1.8)

b. Distant recurrence 290 (21.3) 256 (18.6) 0.78 (0.66�0.92) 0.004

c. Contra lateral breast cancer 100 (7.3) 70 (5.1) 0.62 (0.45�0.84) 0.002

d. Other cancer 94 (6.9) 164 (11.9) 1.53 (1.19�1.98) B/0.001

e. Intercurrent death 166 (12.2) 175 (12.7) 0.93 (0.75�1.15) 0.49

f. Any recurrence (a�e) 855 (62.7) 816 (59.4) 0.84 (0.77�0.93) B/0.001

Cause of death:

g. Breast cancer 463 (33.9) 375 (27.3) 0.76 (0.67�0.87) B/0.001

h. All intercurrent (i�j) 237 (17.4) 293 (21.3) 1.18 (0.99�1.40) 0.065

i. All cardiovascular 112 (8.2) 126 (9.2) 1.07 (0.83�1.39) 0.59

- Ischemic heart disease 57 (4.2) 54 (3.9)

- Other cardiovascular 55 (4.0) 72 (5.2)

j. Other causes 125 (9.2) 167 (12.2) 1.27 (1.00�1.60) 0.046

k. Any death (g�h) 700 (51.3) 668 (48.6) 0.90 (0.81�1.00) 0.055

Total number of patients 1364 1374

a Hazard ratio and 95% confidence intervals. Tamoxifen versus control. bLog-rank test. cControlling for trial design by stratification.

Table I. Distribution of patient characteristics by risk strata and allocated treatment.

Low-risk patients (%) High-risk patients (%) All patients (%)

Patient characteristic

TAM�/
1

(n�/886)

TAM�/
2

(n�/894)

TAM�/

(n�/488)

TAM�/

(n�/470)

TAM�/

(n�/1 374)

TAM�/

(n�/1 364)

Age (years)

B/50 0.9 1.7 1.6 2.6 1.2 2.0

50-59 33.4 35.9 41.8 37.0 36.4 36.3

60�69 62.0 58.7 54.7 55.7 59.4 57.7

]/70 3.7 3.7 1.8 4.7 3.1 4.0

Histopathological nodal involvement

N0 99.1 98.2 12.7 12.1 68.4 68.6

N1�3 0.1 0.8 54.1 58.5 19.3 20.7

N4�/ 0.1 0.0 25.6 23.0 9.2 7.9

N? (unknown number of positive nodes) 0.0 0.0 7.0 5.7 2.5 2.0

Unavailable 0.7 1.0 0.6 0.6 0.7 0.9

Histopathological tumor size (mm)

B/10 31.6 30.5 6.6 6.0 22.7 22.1

11�20 46.5 47.9 37.3 36.4 43.2 43.9

21�30 18.5 17.1 29.5 30.2 22.4 21.6

31�50 0.1 0.6 20.5 23.0 7.4 8.3

�/50 0.0 0.0 3.9 2.3 1.4 0.8

Unavailable 3.3 3.9 2.3 2.1 2.9 3.3

Estrogen receptor status

Positive3 67.2 65.8 69.5 70.4 68.0 67.4

Negative4 16.0 17.2 19.5 20.2 17.3 18.3

Unavailable 16.8 17.0 11.1 9.4 14.8 14.4

Progesterone receptor status

Positive3 34.2 32.1 29.9 32.8 32.7 32.3

Negative4 33.4 37.0 40.2 39.2 35.8 37.8

Unavailable 32.4 30.9 29.9 28.1 31.5 29.9

1Adjuvant tamoxifen. 2No adjuvant tamoxifen. 3 ]/0.05 fmol/mg DNA. 4B/0.05 fmol/mg DNA.
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Treatment benefit versus hormone receptor status

There was a statistically significant interaction (p�/

0.001) between the effect of TAM and ER-status

(Table IV). A reduction of events associated with

TAM was only observed among those classified as

ER positive (relative hazard, RH: 0.77, pB/0.001),

whereas no such treatment benefit was observed

among the ER-negatives (RH: 1.18, p�/0.16).

A more detailed analysis of treatment benefit

versus ER levels revealed that there was no such

benefit irrespective of whether there had been no

detectable levels of ER in the primary tumor, or if

low levels (0.01 � 0.04 fmol/microg DNA) had

been detected. Among patients with an ER content

of ]/0.05 fmol/microg DNA, the benefit with

TAM appeared unrelated to the ER concentration

(Table IV).

The PgR-status of the primary tumor did not

seem to modify the effect of TAM: the estimated

relative reduction of events was only marginally

greater among those classified as PgR-positive com-

pared to the PgR-negatives (Table V). The choice of

different cut-off levels for PgR-positivity did not

change this conclusion (data not shown). We ob-

served no treatment benefit among those classified as

ER-/PgR�/ (RH:1.31), but as there were few

patients and events in this subgroup, the confidence

interval was wide.

In 1988 the receptor laboratory changed assay

technique from isoelectric focusing (IF) to quanti-

tative enzyme immuno assays (EIA). As the latter

are generally regarded as being more accurate,

we examined the treatment predictive ability sepa-

rately for patients assayed with the two techniques

(Table V). The EIA techniques appeared to be more

sensitive because fewer patients than previously were

classified as receptor negative. This held true parti-

cularly for PgR-status: the proportion classified as

PgR negative was 38% among those assayed with

EIA compared to 56% among those assayed with IF.

The corresponding proportions for ER status were

15% and 23%. The treatment benefit with TAM

appeared to be marginally greater among those

classified as ER positive with the EIA technique

(RH: 0.71) compared to those classified with IF

(RH: 0.76). Irrespective of assay technique, PgR

status did not seem to modify the effect of TAM

among the ER-positives. In fact, with the EIA

techniques the treatment benefit was estimated to

be larger among those classified as ER�//PgR- (RH:

0.43) than for the ER�//PgR�/ subgroup (RH:

0.87), but due to small numbers these estimates

were associated with wide confidence intervals. With

the EIA techniques, only few patients (0.9%) were

classified as ER-/PgR�/ so a stable estimate of

treatment effect for this subgroup was not possible

due to small numbers.

Table III. Analysis of events by period of follow-up.

Period of follow-up (years) Any recurrence

Breast cancer death

Hazard ratio1 (95% C. I.) Any death

0�4 0.72 (0.62�0.83) 0.80 (0.65�0.99) 0.90 (0.74�1.09)

5�9 0.94 (0.77�1�15) 0.72 (0.57�0.91) 0.77 (0.64�0.94)

10�14 1.03 (0.81�1.30) 0.84 (0.61�1.17) 0.97 (0.77�1.21)

15�19 1.17 (0.86�1.60) 0.72 (0.43�1.21) 1.19 (0.89�1.59)

20�/ 0.89 (0.46�1.73) 1.18 (0.45�3.06) 0.98 (0.58�1.67)

1: TAM�/ versus TAM�/.

Figure 2. Overall and event-free survival among all patients

according to allocated treatment. Relative hazard (HR) and

logrank p-values are indicated.
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Estrogen receptor positive patients

Given the qualitative interaction between ER status

and treatment with no apparent benefit from TAM

among those classified as receptor negative, we

considered it appropriate to focus on treatment

effects among ER positive patients (Table VI). In

that subset, TAM reduced locoregional recurrences

by 48%, contralateral breast cancers by 54%, distant

metastases by 28%, and all events by 24%. On the

other hand, there was a 59% increase of second

cancers as first events. Breast cancer deaths were

reduced by 31% (pB/0.001) and overall mortality by

15% (p�/0.01). As in the overall analysis, no

statistically significant effect on intercurrent mortal-

ity was observed.

Comparisons of the treatment effect among the

low and high risk subsets revealed slight variations

in the estimated relative hazards for the different

end-points, but no substantial differences (Table

VI). These data are displayed graphically in Figures

3 and 4 as cumulative event-free and overall

survival.

Table IV. Analyses of the interaction between ER-content and the effect of adjuvant tamoxifen.

ER content

(fmol/microg DNA) TAM�/Events/Patients

TAM�/Events/

Patients HR (95% C. I.) Log-rank p

B/0.05 151/237 146/249 1.18 (0.94�1.48) 0.16

]/0.05 557/934 605/919 0.77 (0.69�0.86) B/0.001

Test for interaction between

TAM and ER: p�/0.001

0 81/128 77/137 1.22 (0.89�1.66) 0.22

0.01�0.04 70/109 69/112 1.11 (0.80�1.55) 0.53

0.05�0.09 29/46 53/65 0.57 (0.36�0.90) 0.01

0.10�0.50 139/240 153/261 0.89 (0.71�1.12) 0.33

0.51�1.59 208/329 184/283 0.85 (0.69�1.03) 0.10

�/1.59 181/319 215/310 0.66 (0.54�0.80) B/0.001

Test for interaction between

TAM and ER: p�/0.003.

Total 708/1171 751/1168 0.83 (0.75�0.93) 0.001

Table V. Effect of tamoxifen by ER and PgR-status according to assay technique.

Events/patients Hazard ratio1 (95% confidence interval)

Progesterone receptor status

Assay technique/ER status Negative Positive Total

Isoelectric focusing:

Negative 196/317 22/44 218/361

1.16 (0.88�1.54) 1.59 (0.67�3.78) 1.21 (0.93�1.58)

Positive 343/570 411/647 754/1217

0.76 (0.62�0.94) 0.76 (0.63�0.93) 0.76 (0.66�0.88)

Subtotal 539/887 433/691 972/1578

0.89 (0.75�1.05) 0.81 (0.67�0.97) 0.85 (0.75�0.97)

Enzyme immuno assay:

Negative 23/45 1/3 24/48

1.38 (0.61�3.16) � 1.18 (0.52�2.64)

Positive 38/75 97/196 135/271

0.43 (0.22�0.83) 0.87 (0.58�1.29) 0.71 (0.51�1.00)

Subtotal 61/120 98/199 159/319

0.67 (0.40�1.12) 0.84 (0.57�1.25) 0.77 (0.56�1.05)

All patients:

Negative 219/362 23/47 242/409

1.18 (0.91�1.54) 1.31 (0.56�3.09) 1.21 (0.94�1.55)

Positive 381/645 508/843 889/1488

0.72 (0.59�0.88) 0.78 (0.66�0.93) 0.76 (0.66�0.86)

Total 600/1007 531/890 1131/1897

0.86 (0.74�1.01) 0.81 (0.68�0.96) 0.84 (0.75�0.94)

1TAM�/ versus TAM�/.
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2 versus 5 years of TAM

The randomized comparison of 2 versus 5 years of

TAM showed a slightly lower overall event rate and

fewer deaths with the longer treatment duration, but

these differences were far from statistical significance

(Table VII). As it might be more appropriate to

compare a specific treatment duration with no

treatment, we compared the outcome for patients

included in the 2 versus 5 year trial with concurrent

patients allocated to no TAM as part of the original

trial provided they were event-free at 2 years after

randomisation (Table VIII). This analysis revealed

that the patients allocated to 5 years of TAM had

statistically significant fewer events (RH: 0.81) and

breast cancer deaths (0.65) than those allocated to

no TAM. The overall survival benefit in this

comparison (RH: 0.80) was of borderline statistical

significance (p�/0.07).

Second cancers

Among patients allocated to TAM, a total of 164

(12%) were recorded with another cancer (other

than contralateral breast cancer) as a first event

compared to 94 (7%) among those allocated to no

TAM (RH: 1.53, pB/0.001) (Table II). Most of this

excess concerned endometrial cancers and second

lung cancers (Table IX). The excess of lung cancer

typically concerned adenocarcinomas and tumors

diagnosed during the first 10 years of follow-up.

The cumulative incidence of endometrial cancer

according to allocated treatment is displayed graphi-

cally in Figure 5. In the overall analysis, the curves

tended to diverge during the entire follow-up period,

that is, even several years after cessation of active

treatment. In the 2 versus 5 year comparison there

was a statistically non-significant trend towards a

higher cumulative risk among those allocated to

5 years (p�/0.08).

Discussion

Adjuvant TAM has for many years been a corner-

stone of the postoperative management of patients

with early stage breast cancer with hormone receptor

positive disease. Early results from controlled trials

initiated during the 1970s which became available

during the early to mid 1980s laid the foundation for

this treatment policy [3,18,19]. The Stockholm

adjuvant TAM trial was one of those studies. In

fact, the Stockholm trial is one of the world?s largest

studies of adjuvant systemic therapy versus an

Table VI. Analysis of first events and cause specific mortality among ER positive patients.

Number of events (%)

Hazard ratioa,c (95%

confidence interval)Stratum/type of event TAM�/ TAM�/ p-valueb,c

All patients: 919 934

First events:

a. Loco-regional recurrence 149 (16.2) 93 (10.0) 0.52 (0.40�0.67) B/0.001

- Chest wall 102 (11.1) 52 (5.6)

- Axilla 22 (2.4) 24 (2.6)

- Supraclavicular fossa 25 (2.7) 17 (1.8)

b. Distant recurrence 201 (21.9) 174 (18.6) 0.72 (0.59�0.88) 0.001

c. Contralateral breast cancer 76 (8.3) 42 (4.5) 0.46 (0.31�0.67) B/0.001

d. Other cancer 61 (6.6) 118 (12.6) 1.59 (1.16�2.16) 0.003

e. Intercurrent death 118 (12.8) 130 (13.9) 0.92 (0.71�1.18) 0.50

f. Any recurrence (a�e) 605 (65.8) 557 (59.6) 0.76 (0.68�0.85) B/0.001

Cause of death:

g. Breast cancer 328 (35.7) 247 (26.5) 0.69 (0.58�0.81) B/0.001

h. All intercurrent (i�j) 165 (18.0) 207 (22.2) 1.18 (0.96�1.45) 0.12

i. All cardiovascular 76 (8.3) 86 (9.2) 1.09 (0.80�1.49) 0.58

- IHD 35 (3.8) 38 (4.1)

- Other cardiovascular 41 (4.5) 48 (5.1)

j. Other causes 89 (9.7) 121 (13.0) 1.25 (0.95�1.65) 0.11

k. Any death (g�h) 493 (53.6) 454 (48.6) 0.85 (0.75�0.97) 0.013

Low risk patients: 588 595

Any recurrence 342 (58.2) 302 (50.8) 0.75 (0.64�0.87) B/0.001

Any death 252 (42.9) 234 (39.3) 0.89 (0.75�1.06) 0.20

High risk patients: 331 339

Any recurrence 263 (79.5) 255 (75.2) 0.78 (0.65�0.93) 0.005

Any death 241 (72.8) 220 (64.9) 0.81 (0.67�0.97) 0.024

a Hazard ratio and 95% confidence intervals. TAM�/ versus TAM�/. bLog-rank test. cControlling for trial design by stratification.
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untreated control group. Besides being a large trial,

another strength of the study was that inclusion was

not based on hormone receptor status although

prospective data on receptor status, with all assays

done in one laboratory, were available on 85% of the

patients. This has permitted evaluations of the

treatment predictive ability of estrogen and proges-

terone receptor levels. Other strengths of this report

include the long follow up (median 18 years), the

low number of patients lost to follow-up (B/1%),

and the possibility to check the vital status of the

patients, second cancers, and the officially recorded

cause of death through computerized linkages to

population based Swedish registers.

Previously, we have reported early findings from

the trial for subsets of patients [3�7], second cancer

incidence [20,21], risk of intercurrent morbidity &

cardiovascular disease [22,23], effects on bone

mineral density [24], and survival after recurrence

[25]. However, this is the first report based on all

patients entered in the trial between 1976 through

1990.

There was a qualitative interaction between the

effect of TAM and the estrogen receptor levels in the

primary tumor: no benefit was observed among

patients whose tumors were classified as ER nega-

tive. Moreover, the 95% confidence interval for the

relative hazard excluded but a marginal treatment

benefit in this subgroup (Table V). Among those

classified as ER positive there was little correlation

between the receptor levels and treatment benefit,

that is, those with low levels appeared to derive

roughly the same benefit as those with high levels.

The benefit with TAM among the ER positives did

not appear to be modified by PgR status: the

estimated benefit was the same among those classi-

fied as ER�//PgR�/ as in the ER�//PgR- subset.

All assays were done in one laboratory which in

1988 switched from techniques based on isoelectric

focusing to more modern, antibody based techni-

ques. The newer methods appeared to be more

sensitive because the proportion of patients classi-

fied as receptor negative was smaller among those

entered in the trial after 1988 than previously. The

shift was most prominent for the PgR assay: the

proportion classified as negative decreased from 56

to 38%. We observed a similar but much smaller

shift with the ER assays: a decrease from 23 to 15%

negatives. Although the antibody based techniques

may have been more sensitive, their treatment

predictive ability appeared only marginally better

than the older techniques: the relative hazard

Figure 4. Overall and event-free survival among ER positive, low

risk risk patients according to allocated treatment.
Figure 3. Overall and event-free survival among ER positive, high

risk risk patients according to allocated treatment.
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(TAM versus control) for patients classified as ER

positive was 0.76 with the older technique com-

pared to 0.71 with the new technique. A lack of

predictive ability with the PgR assay held true both

with the old and the new technique. However, these

are only indirect comparisons as they concern

patients entered in the trial during different periods.

Therefore, the results may be confounded by

differences in patient characteristics and length of

follow-up.

Table VII. Analysis of first events and cause specific mortality among patients randomly allocated to 2 versus 5 years of tamoxifen.

Number of events (%) Hazard ratioa,c (95%

confidence interval)
Type of event 5 years TAM 2 years TAM p-valueb,c

1st events:

a. Loco-regional recurrence 26 (6.5) 25 (6.3) 1.04 (0.60�1.81) 0.89

- Chest wall 16 (4.0) 14 (3.5)

- Axilla 7 (1.8) 7 (1.8)

- Supraclavicular fossa 3 (0.8) 4 (1.0)

b. Distant recurrence 52 (13.0) 62 (15.7) 0.93 (0.64�1.34) 0.68

c. Contralateral breast cancer 14 (3.5) 24 (6.1) 0.54 (0.28�1.05) 0.065

d. Other cancer 54 (13.5) 47 (11.9) 1.11 (0.75�1.64) 0.61

e. Intercurrent death 47 (11.8) 51 (12.9) 0.85 (0.57�1.26) 0.41

f. Any recurrence (a�e) 193 (48.3) 209 (52.8) 0.92 (0.75�1.12) 0.38

Cause of death:

g. Breast cancer 67 (16.8) 76 (19.2) 0.94 (0.68�1.32) 0.73

h. All intercurrent (i� j) 74 (18.5) 87 (22.0) 0.78 (0.60�1.07) 0.12

i. All cardiovascular 34 (8.5) 38 (9.6) 0.82 (0.51�1.31) 0.41

- Ischemic heart disease 12 (3.0) 17 (4.3)

- Other cardiovascular 22 (5.5) 21 (5.3)

j. Other causes 40 (10.0) 49 (12.4) 0.75 (0.49�1.14) 0.17

k. Any death (g�h) 141 (35.3) 163 (41.2) 0.85 (0.68�1.07) 0.17

Total number of patients 400 396

aHazard ratio and 95% confidence intervals. 5 years versus 2 years of tamoxifen. bLog-rank test. cControlling for trial design by

stratification.

Table VIII. Analysis of first events and cause specific mortality among patients randomly allocated to 2 or 5 years of tamoxifen, and

concurrent patients allocated to no adjuvant endocrine therapy

Number of events (%) Duration of TAM: Hazard rate ratioa,c (95% CI)

0 yearsd 2 years 5 years 2 vs 0 years 5 vs 0 years P-valueb,c

Type of event

1st events:

a. Loco-regional recurrence 94 (10.2) 25 (6.3) 26 (6.5) 0.57 (0.36�0.88) 0.58 (0.38�0.90) 0.006

b. Distant recurrence 153 (16.6) 62 (15.7) 52 (13.0) 0.79 (0.59�1.07) 0.73 (0.53�1.00) 0.083

c. Contralateral breast cancer 64 (6.9) 24 (6.1) 14 (3.5) 0.81 (0.50�1.30) 0.45 (0.25�0.80) 0.020

e. Other cancer 68 (7.4) 47 (11.9) 54 (13.5) 1.46 (1.01�2.12) 1.61 (1.12�2.30) 0.020

d. Intercurrent death 115 (12.5) 51 (12.9) 47 (11.8) 0.91 (0.65�1.27) 0.82 (0.59�1.16) 0.53

f. Any event (a�d) 494 (53.5) 209 (52.8) 193 (48.3) 0.87 (0.74�1.02) 0.81 (0.69�0.96) 0.028

Cause of death:

g. Breast cancer 225 (24.4) 76 (19.2) 67 (16.8) 0.70 (0.54�0.91) 0.65 (0.50�0.86) 0.001

h. All intercurrent (i�j) 159 (17.2) 87 (22.0) 74 (18.5) 1.23 (0.94�1.60) 1.01 (0.76�1.33) 0.28

i. All cardiovascular 65 (7.0) 38 (9.6) 34 (8.5) 1.32 (0.89�1.98) 1.12 (0.74�1.71) 0.39

-Ischemic heart disease 36 (3.9) 17 (4.3) 12 (3.0)

-Other CV 29 (3.1) 21 (5.3) 22 (5.5)

j. Other cause 94 (10.2) 49 (12.4) 40 (10.0) 1.16 (0.82�1.64) 0.93 (0.64�1.34) 0.55

k. Any death (g�h) 384 (41.6) 163 (41.2) 141 (35.3) 0.91 (0.76�1.10) 0.80 (0.66�0.97) 0.072

Total number of patients 924 396 400

aHazard rate ratio and 95% confidence interval. Tamoxifen for 2 or 5 years versus 0 years. bLog-rank test. cControlling for trial design by

stratification.
dThe control group consists of concurrent, disease-free patients initially randomised to no tamoxifen [TAM-] in the trial.
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We found that, at a median follow-up of 18 years,

among patients allocated to TAM (for a median

duration of about 3 years) and whose primary

tumors had been classified as estrogen receptor

positive, breast cancer mortality was reduced by

about one third and overall mortality by about one

fifth (Table VI). As expected, the benefit in terms of

overall mortality tended to diminish somewhat after

10 years as deaths from intercurrent causes become

more frequent with time in an ageing population.

However, we observed a benefit in terms of breast

cancer mortality during at least 20 years. These

observations confirm and extend the results of the

Oxford overview [26] showing a sustained survival

benefit associated with TAM among receptor posi-

tive patients extending up to at least 15 years.

TAM therapy results in decreased serum choles-

terol levels [27]. It has therefore been hypothesized

that long term adjuvant therapy with the drug might

lead to a decrease in cardiovascular mortality. In

fact, early findings from this trial showed a substan-

tially reduced incidence of hospital admissions due

to cardiac disease among the patients allocated to

TAM, particularly among those allocated to 5 years

of treatment [23]. In this long term follow-up, we

observed no decrease in cardiovascular mortality

among the TAM patients. In particular, we observed

no such decrease associated with the longer treat-

ment duration in the 2 versus 5 year comparison.

These results are in line with the latest results from

the Oxford overview which also failed to demon-

strate a beneficial effect of long-term TAM on

cardiovascular mortality [26]. There was a marginal

reduction of deaths due to ischemic heart disease,

but this was balanced by an increased risk of death

from thrombembolic events resulting in no overall

difference.

The 2 versus 5 year randomisation was part of a

nationwide collaborative trial which has accrued a

total of more than 4 000 patients. A preliminary

analysis of that trial based on the first 3 500 patients

showed that the patients allocated to 5 years of TAM

had significantly fewer treatment failures and a

significantly better overall survival than those treated

for only 2 years [28].

We observed a significantly increased risk of

second cancer (other than contralateral breast can-

cer) as the first event among patients allocated to

TAM (Table II). Some of this excess may have been

due to competing risks since recurrence-free survival

was better for those allocated to TAM resulting in

more event-free TAM patients being at risk. We

reported previously an excess risk for various gastro-

intestinal sites [21]. However, an increased risk of

gastrointestinal cancer associated with TAM has not

been confirmed by the Oxford overview [26]. In this

update we also observed an increased number of

second lung cancers among the TAM patients.

Table IX. Number of new cancers (other than contralateral breast

cancer) diagnosed as first events by allocated treatment.

Site/type of cancer TAM�/(n�/1 364) TAM�/(n�/1 374)

Head & neck 3 3

Esophagus 0 5

Stomach 3 6

Colorectal 15 22

Liver 3 5

Pancreas 4 3

Lung 4 21

Cervix uteri 1 2

Endometrium 4 33

Uterus, other 3 2

Ovary 8 7

Urinary tract 12 15

Skin 10 14

Lymphoma, leukemia 10 10

Misc. 14 16

All sites 94 164

Figure 5. Cumulative incidence of endometrial cancer according

to allocated treatment among all patients (left panel), and among

those included in the randomized comparison of 2 versus 5 years

of tamoxifen (right panel). Note that in the latter trial, the starting

point for the curves is at 2 years after the initial entry into the trial.

Number of patients at risk, relative hazards, and logrank p-values

are indicated.
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However, a more detailed analysis revealed that this

excess mainly concerned adenocarcinomas and tu-

mors diagnosed during the first 10 years of follow-

up. These observations suggest that the excess may

be explained by distant metastases from breast

cancer having been incorrectly diagnosed as primary

lung cancers. Moreover, an association between

TAM and lung cancer was not suggested by the

latest results from the Oxford overview [26].

The Stockholm trial was the first adjuvant TAM

trial to observe an association between long term

TAM and an excess risk of endometrial cancer [20].

Following our first report in 1989, several other

TAM trials have confirmed our initial observation.

In this update, we confirmed the previously reported

excess of endometrial cancer (pB/0.001), and the

trend towards an increased risk for those allocated to

5 years of treatment compared to those allocated to 2

years (p�/0.08).
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