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BACKGROUND: Adherence to adjuvant tamoxifen therapy is suboptimal, and acceptance of tamoxifen for primary prevention is
poor. Published results indicate effect of low-dose tamoxifen therapy. Using questionnaire data from a randomised controlled trial,
we describe side effects of standard and low-dose tamoxifen in healthy women.
METHODS: In the KARISMA trial, 1440 healthy women were randomised to 6 months of daily intake of 20, 10, 5, 2.5, 1 mg of
tamoxifen or placebo. Participants completed a 48-item, five-graded Likert score symptom questionnaire at baseline and follow-up.
Linear regression models were used to identify significant changes in severity levels across doses and by menopausal status.
RESULTS: Out of 48 predefined symptoms, five were associated with tamoxifen exposure (hot flashes, night sweats, cold sweats,
vaginal discharge and muscle cramps). When comparing these side effects in premenopausal women randomised to low doses (2.5,
5 mg) versus high doses (10, 20 mg), the mean change was 34% lower in the low-dose group. No dose-dependent difference was
seen in postmenopausal women.
CONCLUSIONS: Symptoms related to tamoxifen therapy are influenced by menopausal status. Low-dose tamoxifen, in contrast to
high-dose, was associated with less pronounced side effects, a finding restricted to premenopausal women. Our findings give new
insights which may influence future dosing strategies of tamoxifen in both the adjuvant and preventive settings.
TRIAL REGISTRATION: ClinicalTrials.gov ID: NCT03346200.
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INTRODUCTION
Adjuvant tamoxifen treatment reduces recurrence and death from
oestrogen receptor (ER)-positive breast cancer in pre- and
postmenopausal women [1–3]. Furthermore, tamoxifen is
approved for the primary prevention of breast cancer in both
the US and UK. However, uptake is low; more than 90% of high-
risk women do not comply with preventive treatment with anti-
oestrogens. One of several suggested explanations for the low
uptake is concerns of side effects [4–8].
Tamoxifen is a selective ER modulator that acts as an oestrogen

antagonist in the breast, along with oestrogen-like agonistic
effects on the endometrium, skeleton, coagulation system, and
metabolism of lipids [2, 9, 10]. Vasomotor and vaginal symptoms
are well-established side effects of tamoxifen [9, 11]. Serious, but
uncommon, side effects are venous thromboembolic events and
endometrial cancer, the latter only seen in postmenopausal
women [2, 11, 12].
Most studies on tamoxifen side effects have been restricted to

breast cancer patients making it difficult to disentangle tamoxifen-

specific side effects [2]. The National Surgical Adjuvant Breast and
Bowel Project (NSABP P-1) is the largest of four prevention trials
[13–16] including 13,388 pre- and postmenopausal women
randomised to either placebo or 20 mg tamoxifen. Hot flashes,
vaginal discharge and irregular menses were the most common
side effects reported [13].
Side effects not only affect adherence to adjuvant tamoxifen

treatment [17–20] but also reduce the willingness to prescribe
tamoxifen to healthy women at increased risk of breast cancer
[5, 21]. In the primary prevention trial IBIS-1, the women taking
20mg tamoxifen demonstrated higher dropout rates from first
12 months and inferior long-term adherence compared to the
placebo group [8]. Lower doses of tamoxifen have been discussed
over the years as a strategy to increase adherence to preventive
and adjuvant therapy. The randomised trial TAM-01 indicate that
5 mg tamoxifen daily for 3 years could be a sufficient therapeutic
dose for risk reduction in high-risk women with a 50% reduction
of invasive and non-invasive breast cancer events [22]. A recent
10-year follow-up demonstrates a durable preventive effect [23].
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We recently published the first results of the KARISMA trial [24].
We tested if lower doses of tamoxifen reduce mammographic
density and found that 2.5, 5 and 10mg of tamoxifen were as
effective as 20mg, a finding restricted to premenopausal women.
All women (including both pre- and postmenopausal) randomised
to 2.5 mg of tamoxifen reported significantly fewer severe
vasomotor symptoms compared to the 20mg arm, 20.5% (95%
CI:15.5–26.6) compared to 34.0% (95% CI: 27.8–40.7), respectively.
In this exploratory analysis, we took advantage of the full 48-item
KARISMA symptom questionnaire to describe the complete side
effect spectra at different doses of tamoxifen in healthy women.
The aim was to study how questionnaire-reported side effects are
associated with low and high doses of tamoxifen, and the
influence of menopausal status.

MATERIALS AND METHODS
Study design and participants
This is an exploratory analysis of the secondary objective in the KARISMA
trial (assess the level of side effects at lower doses and compare to the
20mg arm), the analyses are thereby not predefined in the protocol. The
full study protocol can be found elsewhere [24].
The KARISMA trial (EudraCT: 2016-000882-22) is an investigator-initiated,

double-blind, randomised placebo-controlled six-armed dose-
determination trial conducted in Sweden between 2016 and 2019 [24].
The primary outcome is the identification of the minimal dose of tamoxifen
non-inferior in its ability to reduce mammographic density compared to
20mg of tamoxifen. Healthy Swedish women, age 40–74 years, attending
the population-based national mammography screening programme,
were invited. Main exclusion criteria were history of cardiovascular disease,
high blood pressure, hormonal replacement therapy, oral contraceptives,
concomitant medication interfering with CYP2D6 expression, and low
mammographic density, corresponding to a BI-RADS A score [25].
Postmenopausal status was defined as absence of bleedings during last
12 months. Participants were treated daily for 6 months and randomised
into six arms: placebo, 1, 2.5, 5, 10 or 20mg of tamoxifen.

Questionnaire data
The KARISMA symptom questionnaire consist of 48 predefined questions
including side effects associated to endocrine treatment and more general
symptoms potentially affecting the quality of life (Supplementary
Methods). Nineteen questions were selected from the validated Functional
Assessment of Cancer Therapy - Endocrine Symptoms (FACT-ES Additional
Concerns) questionnaire [26]. Four questions were identified in the
Summary of Product Characteristics (SmPC) of Tamoxifen (Mylan) [12]
and three symptoms were found in the literature or anecdotally to be
associated to tamoxifen treatment [27, 28]. The remaining 22 questions
addressed general common symptoms related to cancer treatment and
were derived from the Memorial Symptom Assessment Scale (MSAS)
[29, 30] (Supplementary Methods).
The instruction for the 26 endocrine-treatment-related questions was

“Mark every symptom as it applies to the last 30 days”, whilst for the 22
general symptoms the instruction read “How much did the symptom
bother or distress you during the last 30 days”. The MSAS questionnaire
also included the dimensions frequency and severity, but those were not
included in this analyse since the answer options are not consistent with
FACT-ES. For all 48 symptoms, the five-graded Likert scale [31] was used for
self-assessment with the answer options: 0= ‘not at all’, 1= ‘a little bit’,
2= ‘somewhat’, 3= ‘quite a bit’, and 4= ‘very much’.
Participants answered the web questionnaire at inclusion, at 1-, 3- and

6 months following therapy initiation. Women who discontinued treat-
ment were asked to complete a questionnaire at the date of discontinua-
tion. Participant who did not complete the questionnaire within 2 weeks,
received a reminder via phone. Answers from the first and last
questionnaire were used in the analyses. Missing answers in the
questionnaire were excluded from the analyses.

Anthropometric measures
Measurements of weight, length and waist circumference were performed
at baseline and at end of treatment. The measurements were assessed
from calibrated scales and performed by research nurses at the study
centre.

Identification of tamoxifen-associated symptoms and analysis
of dose dependency
Change in reported symptom severity from baseline to end of treatment
was calculated by subtracting the baseline Likert-scale score (0–4) from the
score reported at the end of study (6 months or date of discontinuation). A
mean of the individual change was calculated for each of the 48
predefined symptoms. The rationale for this method was to take
background conditions into consideration, for comparison of pre- and
postmenopausal women, and to capture the magnitude of change. To
recognise side effects associated with tamoxifen, the placebo group was
contrasted to the 20mg group and symptoms significantly related to
tamoxifen were identified.
In the dose-dependent analyses, we contrasted the mean change of the

score for those symptoms significantly associated with tamoxifen. In a
subsequent analysis, we contrasted low-dose tamoxifen, defined as 2.5 and
5mg, to high-dose tamoxifen (10 and 20mg). The reason not to include
the 1mg tamoxifen dose in the low-dose group was that no RCTs,
including our own [22, 24, 32], has shown an effect of 1 mg.

Statistical analysis
Linear regression models were used for contrasting change in mean scores
for the 20mg dose arm versus the placebo arm to identify symptoms and
anthropometric measures associated with the standard dose of tamoxifen.
Similar regression models were employed in the dose dependency analyses,
where we estimated the association between change in mean scores and
dose arms, limited to the symptoms identified to be significantly associated
with tamoxifen. In contrast to the analysis where tamoxifen-associated
symptoms were identified using placebo as a reference, we presented the
dose-dependent results using the 20mg group for comparison, to test how
intensity was affected by lower doses compared to standard dose treatment
in a clinical setting. Every dose was contrasted to the 20mg arm and in
addition the association between higher dose and severity change was
tested using linear regression analysis with actual dose (0, 1, 2.5, 5, 10 and
20mg) as independent variable.
We further computed a score of the identified top five symptoms by

summing means of Likert score change from baseline to end of treatment.
Linear regression was used to contrast low-dose vs high-dose tamoxifen
stratified by menopausal status. In the same manner, increase in Likert scores
was calculated and categorised to ≥1, ≥2, ≥3, ≥4 and ≥5 Likert score. Logistic
regression was used to compare differences in proportion of women
increasing by categories, stratified by menopausal status and tamoxifen dose.
All calculations were performed on the per protocol population and

stratified on menopausal status. Wald tests were performed for testing
associations and possible interactions by menopausal status. All P values
were two-sided and confidence intervals (CI) were set at the 95% level. P
values and 95% confidence intervals have not been adjusted for
multiplicity and should therefore be interpreted with caution. Analyses
were conducted in R version 4.1 and SPSS version 28.

RESULTS
Baseline characteristics, adherence to treatment and
completeness of questionnaires
A total of 159,027 women were invited and 1440 women were
included in the trial which corresponds to a recruitment rate of ~1%
(Fig. 1). Of the 1440 women included, 1175 (82%) participants
completed the baseline and follow-up questionnaire, either after
6 months of medication (n= 1010 (70%)), or at the date of
discontinuation (n= 165 (11%)) (Fig. 1). A completed questionnaire
was defined as at least 90% of the questions were answered at
baseline and at the end of study. The average completeness for all
48 questions was 98%. Seven questions had a completeness below
the average whereof the questions with lowest response rate were
'pain at intercourse' and 'lost interest in sex' (68% and 81%,
respectively). The 1175 women, whereof 454 (39%) premenopausal
and 721 (61%) postmenopausal, constitute the per protocol
population and form the basis of our study (Fig. 1 and Table 1).
Overall, 996 (85.3%) of the participants were compliant to

treatment (measured as 80% of tablets taken) (Table 1). Discontinua-
tion due to side effects was seen in 132 (11.2 %) participants. The
difference in discontinuation between premenopausal (7.7%) and
postmenopausal (13.5%) women was significant (P= 0.002) (Table 1).
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There were no major differences in baseline characteristics
between tamoxifen dose groups, with two exceptions. Smoking
was more prevalent in the 20mg arm compared to the placebo
arm and 5mg arm (Table 1), and the mean Likert score of hot
flashes was higher in the 20mg arm compared to lower doses
(Supplementary Table 1).

Identification of side effects associated with tamoxifen and
influence of menopausal status on tamoxifen-associated side
effects
Five symptoms (‘hot flashes’, ‘cold sweats’, ‘night sweats’, ‘vaginal
discharge’ and ‘muscle cramps’) were found to have a significant
change from start to the end of treatment in both pre- and

Table 1. Baseline characteristics and adherence to treatment of the included 1175 women, stratified by tamoxifen dose.

Tamoxifen dose in mg

Characteristic All 0 1 2.5 5 10 20

Number of women 1175 202 193 194 188 199 199

Mean age at baseline, years (SD) 55.7 (9.7) 56.4 (9.7) 54.5 (9.5) 55.3 (9.9) 55.5 (9.9) 56.5 (10.0) 55.9 (9.3)

Number of premenopausal women (%) 454 (38.6) 70 (34.7) 81 (42.0) 76 (39.2) 72 (38.3) 76 (38.2) 79 (39.7)

Number of postmenopausal women (%) 721 (61.4) 132 (65.3) 112 (58.0) 118 (60.8) 116 (61.7) 123 (61.8) 120 (60.3)

Mean age at menopause, years (SD) 50.0 (5.12) 50.0 (4.78) 50.0 (5.11) 50.3 (5.66) 49.6 (5.69) 49.3 (4.61) 50.4 (4.97)

Mean age at menarche, years (SD) 13.0 (1.36) 13.2 (1.40) 13.0 (1.39) 12.8 (1.37) 13.0 (1.32) 13.1 (1.37) 12.9 (1.32)

Mean BMI (SD) 25.4 (3.8) 25.0 (3.6) 25.5 (3.8) 25.8 (4.3) 25.6 (3.9) 25.4 (3.7) 25.4 (3.3)

Mean number of pregnancies (SD) 2.6 (1.6) 2.5 (1.4) 2.6 (1.6) 2.8 (1.6) 2.4 (1.6) 2.5 (1.5) 2.6 (1.7)

Mean age at first birth, years (SD) 28.8 (5.4) 28.7 (5.5) 28.8 (5.3) 29.0 (5.3) 28.7 (5.5) 28.8 (5.5) 28.9 (5.5)

Number of current smokers (%) 135 (12) 17 (8) 22 (11) 18 (9) 19 (10) 26 (13) 33 (17)

Mean gram/week of alcohol last year (SD) 49.4 (61.4) 53.6 (64.7) 48.9 (59.1) 43.3 (43.9) 49.4 (60.8) 53.7 (81.8) 47.5 (51.6)

Adherence

Compliant to treatmenta (%)

All 996 (85.3) 182 (90.1) 170 (88.5) 159 (82.0) 152 (82.2) 164 (83.2) 169 (85.8)

Premenopausal 393 (87.1) 62 (88.6) 71 (87.7) 64 (84.2) 64 (91.4) 65 (85.5) 67 (85.9)

Postmenopausal 603 (84.2) 120 (90.9) 99 (89.2) 95 (80.5) 88 (76.5) 99 (81.8) 102 (85.7)

Number of women that discontinued treatment due to side effects (%)

All 132 (11.2) 13 (6.4) 15 (7.8) 28 (14.4) 27 (14.4) 27 (13.6) 22 (11.1)

Premenopausal 35 (7.7) 4 (5.7) 6 (7.4) 6 (7.9) 5 (6.9) 7 (9.2) 7 (8.9)

Postmenopausal 97 (13.5) 9 (6.8) 9 (8.0) 22 (18.6) 22 (19.0) 20 (16.3) 15 (12.5)

BMI body mass index, SD standard deviation.
aCompliant to treatment: defined per protocol as 80 % of tablets taken. Missing information for 8 participants (3 premenopausal, 5 postmenopausal).

Analysed
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Fig. 1 CONSORT diagram. FU follow-up.
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Table 2. The individual change in Likert score in 48-items of the KARISMA symptom questionnaire from baseline to end of treatment (at 6 months or
date of discontinuation), contrasting the placebo to the group treated with 20mg of tamoxifen, for all women combined and stratified by
menopausal status.

All (N= 401) Premenopausal (n= 149) Postmenopausal (n= 252) Interaction
menopausal
status

Group
symptom

Mean
change
20 to
0mg
(ref.)a

95%
confidence
interval

Mean
change
20 to
0mg
(ref.)a

95%
confidence
interval

Mean
change
20 to
0mg
(ref.)a

95%
confidence
interval

P valueb

Vasomotor

Hot flashes 0.39 [0.19, 0.59] 0.44 [0.10, 0.79] 0.36 [0.11, 0.60] 0.694

Cold sweats 0.35 [0.20, 0.50] 0.30 [0.06, 0.53] 0.38 [0.19, 0.58] 0.575

Night sweats 0.45 [0.24, 0.67] 0.55 [0.16, 0.95] 0.39 [0.14, 0.64] 0.503

Gynaecological/breast

Vaginal discharge 0.51 [0.35, 0.68] 0.41 [0.10, 0.72] 0.60 [0.41, 0.78] 0.301

Vaginal itching/
irritation

0.28 [0.12, 0.43] 0.26 [−0.01, 0.53] 0.29 [0.09, 0.49] 0.850

Vaginal bleeding
or spotting

−0.07 [−0.16, 0.02] −0.09 [−0.32, 0.14] −0.05 [−0.12, 0.01] 0.785

Vaginal dryness −0.04 [−0.23, 0.15] 0.18 [−0.07, 0.43] −0.19 [−0.45, 0.08] 0.050

Problems with
urination

0.06 [−0.01, 0.12] 0.06 [−0.08, 0.20] 0.05 [−0.02, 0.12] 0.885

Sensitive/tender
breasts

−0.04 [−0.19, 0.10] −0.28 [−0.56, −0.01] 0.11 [−0.05, 0.27] 0.014

Sexual

Pain or discomfort
with intercourse

0.15 [−0.04, 0.33] 0.14 [−0.07, 0.35] 0.14 [−0.13, 0.42] 0.991

Lost interest in sex 0.07 [−0.18, 0.33] −0.33 [−0.72, 0.07] 0.34 [0.01, 0.67] 0.011

Musculoskeletal

Joint pain −0.05 [−0.26, 0.15] −0.13 [−0.43, 0.16] 0.00 [−0.27, 0.27] 0.518

Muscle cramps 0.66 [0.47, 0.86] 0.41 [0.12, 0.70] 0.83 [0.57, 1.08] 0.034

Numbness in
hands/ feet

0.01 [−0.11, 0.13] −0.09 [−0.27, 0.09] 0.08 [−0.08, 0.23] 0.164

Skin/subcutaneous/mucous

Fragile mucous
membranes

0.05 [−0.12, 0.22] 0.12 [−0.12, 0.36] 0.00 [−0.24, 0.23] 0.465

Dry mouth 0.12 [0.01, 0.22] 0.15 [−0.03, 0.33] 0.09 [−0.05, 0.23] 0.608

Skin rashes 0.16 [0.02, 0.30] 0.30 [0.04, 0.56] 0.08 [−0.08, 0.24] 0.166

Itching 0.18 [0.05, 0.32] 0.22 [−0.02, 0.47] 0.16 [−0.01, 0.33] 0.674

Hair loss −0.05 [−0.21, 0.10] −0.18 [−0.39, 0.04] 0.03 [−0.19, 0.25] 0.183

Metabolism/nutrition

Gained weight −0.02 [−0.22, 0.18] −0.11 [−0.44, 0.22] 0.04 [−0.20, 0.28] 0.475

Feeling bloated 0.04 [−0.15, 0.22] −0.04 [−0.37, 0.29] 0.10 [−0.12, 0.31] 0.496

Swollen arms/legs 0.04 [−0.03, 0.11] 0.07 [−0.04, 0.19] 0.02 [−0.06, 0.10] 0.436

Abdominal obesity −0.01 [−0.17, 0.15] −0.01 [−0.26, 0.24] −0.01 [−0.23, 0.20] 0.989

Gastrointestinal

Diarrhoea −0.16 [−0.28, −0.03] −0.21 [−0.43, 0.01] −0.13 [−0.28, 0.03] 0.558

Constipation −0.03 [−0.16, 0.10] −0.11 [−0.33, 0.12] 0.02 [−0.14, 0.18] 0.373

Nausea −0.06 [−0.18, 0.06] −0.23 [−0.47, 0.02] 0.04 [−0.09, 0.16] 0.063

Vomiting −0.07 [−0.15, 0.01] −0.07 [−0.23, 0.09] −0.08 [−0.15, 0.00] 0.956

Lack of appetite 0.05 [0.00, 0.09] 0.08 [0.00, 0.16] 0.03 [−0.03, 0.08] 0.296

Change in the way
food taste

0.01 [−0.02, 0.04] 0.01 [−0.01, 0.04] 0.01 [−0.04, 0.06] 0.918

Difficulty
swallowing

0.00 [−0.06, 0.06] 0.00 [0.00, 0.00] 0.00 [−0.09, 0.10] 0.975
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postmenopausal women when contrasting the effect of 20mg
tamoxifen compared to women on placebo. These symptoms also
demonstrated the largest magnitude in mean change of Likert
score (Table 2).
‘Skin rashes’ and a negative mean change in ‘sensitive/tender

breasts’ showed a significant association with tamoxifen in
premenopausal women only while ‘vaginal itching/irritation’ and
‘lost interest in sex’ were significant in postmenopausal women
(Table 2). Both pre- and postmenopausal women in the tamoxifen
arm reported problems with muscle cramps. However, postme-
nopausal women had significantly higher differences from start to
end compared to premenopausal, with a doubled magnitude of
mean change of severity score. Premenopausal women reported
higher severity of vaginal dryness in contrast to postmenopausal
women (Table 2).
Premenopausal women treated with 20 mg tamoxifen experi-

enced significantly reduced waist circumference, weight and BMI
(Table 3). No significant changes in anthropometric measures
related to tamoxifen were seen in postmenopausal women.

Dose-dependent side effects
Among the five identified symptoms associated with 20mg
tamoxifen in both pre- and postmenopausal women, the change

in severity tended to be lower at lower doses. Consequently, all
five symptoms demonstrated a linear association with tamoxifen
dose when analysing pre- and postmenopausal women combined
(‘hot flashes’ P= 0.002; ‘night sweats’ P= 0.003; ‘cold sweats’
P= <0.001; ‘vaginal discharge’ P= 0.002; ‘muscle cramps’
P= <0.001) (Table 4). Association between dose and severity
change was also seen in ‘vaginal itching/irritation’ (P= 0.021);
‘diarrhoea’ (P= 0.005); ‘itching’ (P= 0.033) (Table 4), as well as in
the anthropometric measures ‘weight’ (P= 0.005) and ‘BMI’
(P= 0.004) (Supplementary Table 2). For premenopausal women
only, significant association for severity change with lower doses
was seen for ‘skin rashes’ and ‘feeling nervous’ (P= 0.047 and
P= 0.040, respectively) (Table 4). The symptom ‘sensitive/tender
breasts’ demonstrated a linear association of less severity by dose
in postmenopausal women only (P= 0.021) (Table 4).

Comparing low dose vs high dose
To contrast the effect of low-dose tamoxifen (2.5 and 5mg) to
high-dose (10 and 20mg), we compared the sum of mean Likert
score change (from baseline to end of treatment) in the five side
effects (‘hot flashes’, ‘night sweats’, ‘cold sweats’, ‘vaginal
discharge’ and ‘muscle cramps’) significantly associated with
20mg tamoxifen in both premenopausal and postmenopausal

Table 2. continued

All (N= 401) Premenopausal (n= 149) Postmenopausal (n= 252) Interaction
menopausal
status

Group
symptom

Mean
change
20 to
0mg
(ref.)a

95%
confidence
interval

Mean
change
20 to
0mg
(ref.)a

95%
confidence
interval

Mean
change
20 to
0mg
(ref.)a

95%
confidence
interval

P valueb

Psychological

Mood swings 0.05 [−0.12, 0.22] 0.00 [−0.30, 0.30] 0.10 [−0.10, 0.30] 0.586

Feeling irritable 0.07 [−0.10, 0.24] −0.02 [−0.31, 0.26] 0.13 [−0.08, 0.35] 0.381

Feeling nervous −0.13 [−0.23, −0.02] −0.17 [−0.36, 0.02] −0.09 [−0.21, 0.03] 0.466

Feeling sad −0.12 [−0.28, 0.04] −0.25 [−0.60, 0.09] −0.03 [−0.19, 0.12] 0.265

Worrying 0.00 [−0.16, 0.16] −0.01 [−0.31, 0.29] 0.02 [−0.16, 0.21] 0.855

Lack of energy −0.07 [−0.25, 0.10] −0.09 [−0.38, 0.20] −0.04 [−0.26, 0.17] 0.786

Difficulty
concentrating

−0.07 [−0.19, 0.06] −0.07 [−0.30, 0.16] −0.05 [−0.20, 0.09] 0.900

Sleeping
difficulties

−0.16 [−0.39, 0.08] −0.12 [−0.50, 0.27] −0.18 [−0.48, 0.11] 0.780

Feeling drowsy 0.02 [−0.08, 0.11] −0.04 [−0.21, 0.14] 0.05 [−0.05, 0.16] 0.404

“I don’t look like
myself”

0.00 [−0.14, 0.13] −0.07 [−0.29, 0.15] 0.04 [−0.13, 0.21] 0.445

Nervous system

Pain −0.18 [−0.40, 0.05] −0.39 [−0.79, 0.01] −0.06 [−0.33, 0.21] 0.177

Dizziness 0.04 [−0.11, 0.18] −0.04 [−0.28, 0.20] 0.09 [−0.08, 0.27] 0.366

Headache 0.08 [−0.11, 0.27] 0.21 [−0.16, 0.57] 0.01 [−0.20, 0.22] 0.365

Heart palpitations 0.03 [−0.09, 0.14] 0.09 [−0.10, 0.27] −0.01 [−0.16, 0.15] 0.455

Respiratory

Cough 0.01 [−0.15, 0.18] −0.10 [−0.33, 0.14] 0.08 [−0.15, 0.31] 0.279

Shortness of
breath

0.07 [−0.04, 0.18] 0.13 [−0.04, 0.31] 0.04 [−0.11, 0.18] 0.404

Eyes

Sight/eye changes 0.06 [−0.14, 0.26] 0.01 [−0.30, 0.33] 0.08 [−0.17, 0.33] 0.746

Dry eyes 0.06 [−0.11, 0.24] 0.09 [−0.19, 0.37] 0.05 [−0.18, 0.27] 0.801
aDifference in mean change comparing 20 to 0mg (ref.) tamoxifen at end of treatment (at 6 months or date of discontinuation).
bP values for interaction of menopausal status on the effect of tamoxifen.
Significant values are in bold (P < 0.05).
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women. We found a significant difference in the severity of side
effects in premenopausal, but not in postmenopausal women.
Premenopausal women at low-dose tamoxifen reported 34% less
severity of side effects compared to women in the high-dose
group (sum of mean Likert score change: 1.61 (95% CI: 1.17–2.04)
versus 2.47 (95% CI: 1.98–2.96)) (Fig. 2).
When comparing the proportion of women increasing in Likert

score it could be seen that significantly fewer premenopausal
women in the low-dose arm reported an increase in Likert score,
regardless of the difference in score, compared to women
randomised to 10 and 20mg of tamoxifen (Supplementary
Fig. 2A). A finding not seen in postmenopausal women
(Supplementary Fig. 2B).

DISCUSSION
In our comprehensive analyses of tamoxifen side effects in 1175
healthy women, five symptoms demonstrated an association with
tamoxifen in both pre- and postmenopausal women. When
comparing these side effects in women randomised to low-dose
(2.5 and 5mg) versus high-dose (10 and 20mg) tamoxifen, the
difference of severity from start to end of treatment was 34%
lower in the low-dose group, a finding restricted to premenopau-
sal women.
Few studies describe tamoxifen-induced side effects [14, 33, 34],

or the effect of lower tamoxifen doses in healthy women. Most
published studies include cancer patients with a plethora of
treatments, making it hard to isolate the tamoxifen-specific side
effects. In agreement with previous studies on tamoxifen side
effects, including patients or healthy women, we found vasomotor
symptoms such as hot flashes, cold- and night sweats, and
gynaecological problems (vaginal discharge) to be strongly
associated with tamoxifen. [2, 9, 17, 20, 26, 33–35] Muscle cramps
had the largest mean severity change of all symptoms when
contrasting placebo to 20mg of tamoxifen. Muscle cramp is
mentioned as common in the Summary of Product Characteristics
(SmPC) of 20 mg tamoxifen [12], but sparsely in published papers
and information targeted to patients [36, 37]. Skin reactions (skin
rashes and itching) are poorly described in the literature, but in a
systematic review by Andrew et al. 19% of tamoxifen users
experienced cutaneous reactions [38].
In our study, 34 of the total 48 predefined symptoms were not

significantly associated with tamoxifen. Ten questions covered
psychological well-being whereof only ‘feeling nervous’ was
associated with tamoxifen use, but unexpectedly with a negative
direction. These findings contrast patient information, where
mood swings and depression are described as common tamoxifen
side effects [36, 37]. However, our findings are in agreement with
other clinical trials including healthy women, where no association
between tamoxifen use, distress, depression or emotional well-
being were found [2, 9, 33, 39].
The clinical belief is that tamoxifen induces weight gain. The

FACT-ES questionnaire only includes questions about weight gain
and not about weight change or loss [40]. We found that
premenopausal women on 20mg of tamoxifen had a significant
decrease in waist circumference, weight, and BMI, compared to
the placebo group. Weight loss after tamoxifen is however
supported by previous findings [41]. To our knowledge, this is the
first study showing an effect of tamoxifen on waist circumference.
We found several symptoms strongly associated with meno-

pausal status not previously described. The interaction of
menopausal status on tamoxifen symptoms has not been studied
extensively. In the NSABP P-1 trial, women of age 50–59 years
reported more tamoxifen-associated symptoms compared to
younger women. However, women <50 years reported the
greatest relative increase in proportion of women reporting hot
flashes at each examination during the study (36 months) [33].
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Interestingly, we found that postmenopausal women discontin-
ued treatment at nearly a twofold higher rate compared to
premenopausal women. This finding contradicts earlier studies
suggesting lower adherence in younger women [42]. However, the
KARISMA trial was restricted to a 6-month treatment period and may
not reflect adherence to long-term treatment. We did not find any
significant differences in dropout rate when comparing low-dose
versus high dose in pre- or postmenopausal women. Adherence to
therapy has been demonstrated to be better in clinical trials than in
a real-world setting [43, 44]; hence might the even distribution
across dose arms of dropouts and compliance in this study reflect a
‘being a good participant-effect’. The two other known trials on low-
dose tamoxifen, defined in both studies as 5mg, did not include the
clinically established 20mg dose for comparison, thus making it
difficult to compare their findings to our study [22, 32].
Importantly, we did not observe any reduction in severity of the

top five symptoms when lowering the dose in postmenopausal
women. The biological mechanisms behind the menopausal-
dependent difference in tamoxifen side effects have not
previously been addressed in detail. Three main factors probably
influence the tamoxifen effect: tamoxifen metabolites, ER tissue
expression, and hormone plasma concentrations. In the present
study, there was no difference in tamoxifen metabolite (endox-
ifen) concentrations comparing pre- and postmenopausal women
(data not published). We have previously shown that the
expression of ER in the epithelial breast tissue of healthy women
increases with increasing age [45, 46]. In a first biopsy-study
nested within the KARISMA trial, we recently found that high-dose
tamoxifen decreases the expression of epithelial ER and proges-
terone receptor (PR) expression in premenopausal, but not in
postmenopausal women [47]. It could be that the age difference
in ER expression reflects our findings of higher severity levels in
postmenopausal women, also at lower doses.
From a clinical perspective, menopausal status is essential when

assessing risk-benefit of the therapy of choice. In the U.S.,
tamoxifen is the only FDA-approved drug for breast cancer risk
reduction among high-risk premenopausal women. However,
high-risk postmenopausal women also have the option of
raloxifene and aromatase inhibitors for preventive treatment.
The KARISMA trial has several strengths and weaknesses.

Strengths include the fact that it is the only low-dose trial so far
using the 20mg standard dose as reference. Also, the double-
blinded randomised study design with healthy participants,

detailed information on side effects and high adherence with an
overall compliance of 85.3%. We found few differences in baseline
characteristics between treatment arms. With the exception of
questions related to sexuality, the response rate for the remaining
questions was close to 100%.
The major limitation of the study is that the treatment lasted for

only six months. As the KARISMA trial was a dose-determination
study, the trial was not designed for studying the long-term
effects of tamoxifen. In a clinical setting, both risk-reducing and
adjuvant tamoxifen therapy is recommended for at least five years
[48–50]. Consequently, late-arising issues are not identified in this
trial and need further investigation. Despite randomisation,
differences at baseline were seen in hot flashes and smoking.
Even so, the higher baseline score of hot flashes in the 20mg
reference arm would dilute, not strengthen, our results. Since this
study only involved Swedish women attending the national
screening programme results may not be generalisable to a more
diverse population.

CONCLUSION
The KARISMA study is the only randomised clinical trial specifically
targeting side effects of both low and standard doses of tamoxifen
in healthy women. This study demonstrates that low-dose tamoxifen
substantially reduces the severity of the most prevalent side effects
(hot flashes, night sweats, cold sweats, vaginal discharge and muscle
cramps) in premenopausal women. We also show that menopausal
status influences side effects of tamoxifen. If validated, these
findings will have implications on future dosing strategies in the
treatment of high-risk women as well as in adjuvant treatment. What
dose of tamoxifen that provides optimal efficacy and tolerability
needs to be further investigated.
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Karolinska Institutet, Sweden [karmastudy.org], and can be accessed up on request
by contacting the corresponding author.

REFERENCES
1. Group EBCTC. Tamoxifen for early breast cancer: an overview of the randomised

trials. Lancet. 1998;351:1451–67.

Error bars: 95% CI

0.00

1.00

2.00

3.00

4.00

Low dose:
2.5 mg/5 mg

High dose:
10 mg/20 mg

Premenopausal Postmenopausal

P = 0.006 P = 0.864

Low dose High dose Low dose High dose

S
um

 o
f m

ea
n 

Li
ke

rt
 s

co
re

 c
ha

ng
e

fr
om

 s
ta

rt
 to

 e
nd

 o
f t

re
at

m
en

t

Fig. 2 Symptom severity change by low (2.5mg, 5mg) and high (10mg, 20mg) dose tamoxifen and stratified by menopausal status.
Sum of mean Likert score change is calculated from start to end of treatment, in symptoms significantly related to tamoxifen exposure
regardless of menopausal status (hot flashes, cold sweats, night sweats, vaginal discharge, and muscle cramps). P value for difference between
low and high dose within each menopausal group. Symptom severity change for each of the symptoms included can be found in
Supplementary Fig. 1.

M. Hammarström et al.

69

British Journal of Cancer (2023) 129:61 – 71



2. Shapiro CL, Recht A. Side effects of adjuvant treatment of breast cancer. N Engl J
Med. 2001;344:1997–2008.

3. National Comprehensive Cancer Network (NCCN) Practice Guidelines in Oncol-
ogy: Invasive Breast Cancer. 2021. https://www.nccn.org/professionals/
physician_gls/pdf/breast.pdf.

4. Waters EA, McNeel TS, Stevens WM, Freedman AN. Use of tamoxifen and ralox-
ifene for breast cancer chemoprevention in 2010. Breast Cancer Res Treat.
2012;134:875–80.

5. Smith SG, Sestak I, Forster A, Partridge A, Side L, Wolf MS, et al. Factors affecting
uptake and adherence to breast cancer chemoprevention: a systematic review
and meta-analysis. Ann Oncol. 2016;27:575–90.

6. Ropka ME, Keim J, Philbrick JT. Patient decisions about breast cancer chemo-
prevention: a systematic review and meta-analysis. J Clin Oncol. 2010;28:3090–5.

7. Crew KD, Albain KS, Hershman DL, Unger JM, Lo SS. How do we increase uptake
of tamoxifen and other anti-estrogens for breast cancer prevention? NPJ Breast
Cancer. 2017;3:20.

8. Smith SG, Sestak I, Howell A, Forbes J, Cuzick J. Participant-reported symptoms
and their effect on long-term adherence in the international breast cancer
intervention study I (IBIS I). J Clin Oncol. 2017;35:2666–73.

9. Cella D, Fallowfield LJ. Recognition and management of treatment-related side
effects for breast cancer patients receiving adjuvant endocrine therapy. Breast
Cancer Res Treat. 2008;107:167–80.

10. O’Regan RM, Jordan VC. The evolution of tamoxifen therapy in breast cancer:
selective oestrogen-receptor modulators and downregulators. Lancet Oncol.
2002;3:207–14.

11. American Cancer Society: Hormone Therapy for Breast Cancer: Drugs that block
estrogen receptors: Tamoxifen. 2021. https://www.cancer.org/cancer/breast-
cancer/treatment/hormone-therapy-for-breast-cancer.html.

12. Electronic Medicines Compendium (EMC): SmPC: Tamoxifen (Mylan) 20 mg
Tablets. 2021. https://www.medicines.org.uk/emc/product/12524/smpc.

13. Fisher B, Costantino JP, Wickerham DL, Redmond CK, Kavanah M, Cronin WM,
et al. Tamoxifen for prevention of breast cancer: report of the National Surgical
Adjuvant Breast and Bowel Project P-1 Study. J Natl Cancer Inst. 1998;90:1371–88.

14. Cuzick J, Forbes J, Edwards R, Baum M, Cawthorn S, Coates A, et al. First results
from the International Breast Cancer Intervention Study (IBIS-I): a randomised
prevention trial. Lancet 2002;360:817–24.

15. Powles T, Eeles R, Ashley S, Easton D, Chang J, Dowsett M, et al. Interim analysis of
the incidence of breast cancer in the Royal Marsden Hospital tamoxifen rando-
mised chemoprevention trial. Lancet. 1998;352:98–101.

16. Vogel VG, Costantino JP, Wickerham DL, Cronin WM, Cecchini RS, Atkins JN, et al.
Effects of tamoxifen vs raloxifene on the risk of developing invasive breast cancer
and other disease outcomes: the NSABP Study of Tamoxifen and Raloxifene
(STAR) P-2 trial. J Am Med Assoc. 2006;295:2727–41.

17. Lin JH, Zhang SM, Manson JE. Predicting adherence to tamoxifen for breast
cancer adjuvant therapy and prevention. Cancer Prev Res. 2011;4:1360–5.

18. Peddie N, Agnew S, Crawford M, Dixon D, MacPherson I, Fleming L. The impact of
medication side effects on adherence and persistence to hormone therapy in
breast cancer survivors: a qualitative systematic review and thematic synthesis.
Breast. 2021;58:147–59.

19. Lash TL, Fox MP, Westrup JL, Fink AK, Silliman RA. Adherence to tamoxifen over
the five-year course. Breast Cancer Res Treat. 2006;99:215–20.

20. He W, Fang F, Varnum C, Eriksson M, Hall P, Czene K. Predictors of discontinuation
of adjuvant hormone therapy in patients with breast cancer. J Clin Oncol.
2015;33:2262–9.

21. Nelson HD, Fu R, Zakher B, Pappas M, McDonagh M. Medication use for the risk
reduction of primary breast cancer in women: updated evidence report and
systematic review for the US preventive services task force. J Am Med Assoc.
2019;322:868–86.

22. DeCensi A, Puntoni M, Guerrieri-Gonzaga A, Caviglia S, Avino F, Cortesi L, et al.
Randomized placebo controlled trial of low-dose tamoxifen to prevent local and
contralateral recurrence in breast intraepithelial neoplasia. J Clin Oncol.
2019;37:1629–37.

23. Lazzeroni M, Puntoni M, Guerrieri-Gonzaga A, Serrano D, Boni L, Buttiron Webber T,
et al. Randomized placebo controlled trial of low-dose tamoxifen to prevent
recurrence in breast noninvasive neoplasia: a 10-year follow-up of TAM-01 study. J
Clin Oncol. 2023;37:1629.

24. Eriksson M, Eklund M, Borgquist S, Hellgren R, Margolin S, Thoren L, et al. Low-
dose tamoxifen for mammographic density reduction: a randomized controlled
trial. J Clin Oncol. 2021;39:1899–908.

25. Wang J, Azziz A, Fan B, Malkov S, Klifa C, Newitt D, et al. Agreement of mammo-
graphic measures of volumetric breast density to MRI. PLoS ONE. 2013;8:e81653.

26. Fallowfield LJ, Leaity SK, Howell A, Benson S, Cella D. Assessment of quality of life
in women undergoing hormonal therapy for breast cancer: validation of an
endocrine symptom subscale for the FACT-B. Breast Cancer Res Treat.
1999;55:189–99.

27. Sheean PM, Hoskins K, Stolley M. Body composition changes in females treated for
breast cancer: a review of the evidence. Breast Cancer Res Treat. 2012;135:663–80.

28. Gianni L, Panzini I, Li S, Gelber RD, Collins J, Holmberg SB, et al. Ocular toxicity
during adjuvant chemoendocrine therapy for early breast cancer: results from
International Breast Cancer Study Group trials. Cancer. 2006;106:505–13.

29. Browall M, Kenne Sarenmalm E, Nasic S, Wengstrom Y, Gaston-Johansson F.
Validity and reliability of the Swedish version of the Memorial Symptom
Assessment Scale (MSAS): an instrument for the evaluation of symptom pre-
valence, characteristics, and distress. J Pain Symptom Manag. 2013;46:131–41.

30. Portenoy RK, Thaler HT, Kornblith AB, Lepore JM, Friedlander-Klar H, Kiyasu E, et al.
The Memorial Symptom Assessment Scale: an instrument for the evaluation of
symptom prevalence, characteristics and distress. Eur J Cancer. 1994;30A:1326–36.

31. Likert R. A technique for the development of attitude scales. Educ Psychol
Measurement. 1952;12:313–5.

32. Bhatia S, Palomares MR, Hageman L, Chen Y, Landier W, Smith K, et al. A ran-
domized phase IIb study of low-dose tamoxifen in chest-irradiated cancer sur-
vivors at risk for breast cancer. Clin Cancer Res. 2021;27:967–74.

33. Day R, Ganz PA, Costantino JP, Cronin WM, Wickerham DL, Fisher B. Health-
related quality of life and tamoxifen in breast cancer prevention: a report from
the National Surgical Adjuvant Breast and Bowel Project P-1 Study. J Clin Oncol.
1999;17:2659–69.

34. Land SR, Wickerham DL, Costantino JP, Ritter MW, Vogel VG, Lee M, et al. Patient-
reported symptoms and quality of life during treatment with tamoxifen or
raloxifene for breast cancer prevention: the NSABP Study of Tamoxifen and
Raloxifene (STAR) P-2 trial. J Am Med Assoc. 2006;295:2742–51.

35. Land SR, Walcott FL, Liu Q, Wickerham DL, Costantino JP, Ganz PA. Symptoms
and QOL as predictors of chemoprevention adherence in NRG oncology/NSABP
trial P-1. J Natl Cancer Inst. 2016;108:djv365.

36. Cancer Research UK: Breastcancer: Treatment: Homone therapy: side effects.
2020; https://www.cancerresearchuk.org/about-cancer/breast-cancer/treatment/
hormone-therapy.

37. Breastcancer.org: Newly diagnosed: Treatment: Hormonal treatment: Tamoxifen:
Tamoxifen side effects. 2022. https://www.breastcancer.org/treatment/hormonal-
therapy/tamoxifen#section-tamoxifen-side-effects.

38. Andrew P, Valiani S, MacIsaac J, Mithoowani H, Verma S. Tamoxifen-associated
skin reactions in breast cancer patients: from case report to literature review.
Breast Cancer Res Treat. 2014;148:1–5.

39. Fallowfield L, Fleissig A, Edwards R, West A, Powles TJ, Howell A, et al. Tamoxifen
for the prevention of breast cancer: psychosocial impact on women participating
in two randomized controlled trials. J Clin Oncol. 2001;19:1885–92.

40. FACT-ES version 4, Additional concerns, Facit.org, https://www.facit.org/measure-
english-downloads/fact-es-english-downloads.

41. Day R. Quality of life and tamoxifen in a breast cancer prevention trial: a summary
of findings from the NSABP P-1 study. National Surgical Adjuvant Breast and
Bowel Project. Ann N. Y Acad Sci. 2001;949:143–50.

42. McCowan C, Shearer J, Donnan PT, Dewar JA, Crilly M, Thompson AM, et al.
Cohort study examining tamoxifen adherence and its relationship to mortality in
women with breast cancer. Br J Cancer. 2008;99:1763–8.

43. Storms W. Clinical trials: are these your patients? J Allergy Clin Immunol.
2003;112:S107–11.

44. Inotai A, Agh T, Maris R, Erdosi D, Kovacs S, Kalo Z, et al. Systematic review of real-
world studies evaluating the impact of medication non-adherence to endocrine
therapies on hard clinical endpoints in patients with non-metastatic breast
cancer. Cancer Treat Rev. 2021;100:102264.

45. Gabrielson M, Chiesa F, Behmer C, Ronnow K, Czene K, Hall P. Association of
reproductive history with breast tissue characteristics and receptor status in the
normal breast. Breast Cancer Res Treat. 2018;170:487–97.

46. Gabrielson M, Azam S, Hardell E, Holm M, Ubhayasekera KA, Eriksson M, et al.
Hormonal determinants of mammographic density and density change. Breast
Cancer Res. 2020;22:95.

47. Gabrielson M, Hammarstrom M, Backlund M, Bergqvist J, Lang K, Rosendahl AH,
et al. Effects of tamoxifen on normal breast tissue histological composition:
results from a randomised six-arm placebo-controlled trial in healthy women. Int
J Cancer. 2023;152:2362–72.

48. Early Breast Cancer Trialists’ Collaborative G, Davies C, Godwin J, Gray R, Clarke M,
Cutter D, et al. Relevance of breast cancer hormone receptors and other factors
to the efficacy of adjuvant tamoxifen: patient-level meta-analysis of randomised
trials. Lancet. 2011;378:771–84.

49. Davies C, Pan H, Godwin J, Gray R, Arriagada R, Raina V, et al. Long-term effects of
continuing adjuvant tamoxifen to 10 years versus stopping at 5 years after
diagnosis of oestrogen receptor-positive breast cancer: ATLAS, a randomised
trial. Lancet. 2013;381:805–16.

50. Force USPST, Owens DK, Davidson KW, Krist AH, Barry MJ, Cabana M, et al.
Medication use to reduce risk of breast cancer: US preventive services task force
recommendation statement. J Am Med Assoc. 2019;322:857–67.

M. Hammarström et al.

70

British Journal of Cancer (2023) 129:61 – 71

https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.cancer.org/cancer/breast-cancer/treatment/hormone-therapy-for-breast-cancer.html
https://www.cancer.org/cancer/breast-cancer/treatment/hormone-therapy-for-breast-cancer.html
https://www.medicines.org.uk/emc/product/12524/smpc
https://www.cancerresearchuk.org/about-cancer/breast-cancer/treatment/hormone-therapy
https://www.cancerresearchuk.org/about-cancer/breast-cancer/treatment/hormone-therapy
https://www.breastcancer.org/treatment/hormonal-therapy/tamoxifen#section-tamoxifen-side-effects
https://www.breastcancer.org/treatment/hormonal-therapy/tamoxifen#section-tamoxifen-side-effects
https://www.facit.org/measure-english-downloads/fact-es-english-downloads
https://www.facit.org/measure-english-downloads/fact-es-english-downloads


ACKNOWLEDGEMENTS
We thank the study participants and study personnel for their devoted support of the
study.

AUTHOR CONTRIBUTIONS
Conception and design: MH, MG, MaE, YW, SB, MiE, KC and PH. Provision of study
materials or patients: SB, MB and PH. Collection and assembly of the data: MH, SB, JT
and PH. Data analysis and interpretation: MH, MG, AD, AC, MaE, CL, KC and PH.
Supervision: MG, KC and PH. Manuscript writing—original draft: all authors.
Manuscript—review and editing: all authors. Accountable for all aspects of the work:
all authors.

FUNDING
This work was supported by the Kamprad Foundation (20150052) and the Swedish
Research Council (E0718301). The funder of the study had no role in study design,
data collection, data analysis, data interpretation, writing of the manuscript, or the
decision to submit the manuscript for publication. Open access funding provided by
Karolinska Institute.

COMPETING INTERESTS
The authors declare no competing interests.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
All participants signed informed written consent before entering the study. The trial
was approved by the ethics review board, Stockholm, Sweden (2016/65-31/2). The
KARISMA trial was performed in accordance with the Declaration of Helsinki.

CONSENT FOR PUBLICATION
Not applicable.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41416-023-02293-z.

Correspondence and requests for materials should be addressed to Mattias
Hammarström.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

M. Hammarström et al.

71

British Journal of Cancer (2023) 129:61 – 71

https://doi.org/10.1038/s41416-023-02293-z
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Side effects of low-dose tamoxifen: results from a six-armed randomised controlled trial in healthy women
	Introduction
	Materials and methods
	Study design and participants
	Questionnaire data
	Anthropometric measures
	Identification of tamoxifen-associated symptoms and analysis of dose dependency
	Statistical analysis

	Results
	Baseline characteristics, adherence to treatment and completeness of questionnaires
	Identification of side effects associated with tamoxifen and influence of menopausal status on tamoxifen-associated side effects
	Dose-dependent side effects
	Comparing low dose vs high dose

	Discussion
	Conclusion
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	Ethics approval and consent to participate
	Consent for publication
	ADDITIONAL INFORMATION




