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Abstract: Objective: The aim of the study is to assess the efficacy of the levonorgestrel-releasing intrauterine system
(LNG-IUS) on the tamoxifen-induced endometrial lesions in breast cancer patients. Methods: PubMed and EMBASE
databases were searched for eligible studies. Odds ratios were obtained to estimate the association between the
LNG-IUS and tamoxifen-induced endometrial lesions. The fixed effects or random-effects model was used to com-
bine data depending on heterogeneity. Results: With three eligible randomized clinical trials involving 359 patients,
this analysis demonstrated tamoxifen-treated breast cancer patients using the LNG-IUS derived benefit from de
novo polyps prevention (P < 0.0001, OR 0.18, 95% CI: 0.08-0.42). However, the LNG-IUS only showed a trend of
maintaining endometrial proliferation or secretory status (P = 0.05, OR 0.36, 95% Cl 0.13-1.02) and no statistical
difference in atrophic or inactive changes (P = 0.13, OR 0.24, 95% Cl 0.04-1.53) or endometrial hyperplasia without
atypia (P = 0.08, OR 0.20, 95% Cl 0.04-1.18). The LNG-IUS didn’t have an increased incidence in breast cancer re-
currence (P=0.28, OR 1.75, 95% Cl: 0.64-4.80) and cancer-induced death (P =0.71, OR 1.22, 95% CI: 0.42-3.52).
Bleeding in the treatment group was statistically more frequent than that in the control group (OR 6.20, 95% Cl:
2.99-12.85, P < 0.00001). Conclusions: This analysis verifies the efficacy of the LNG-IUS in preventing tamoxifen-
induced polyps. The LNG-IUS didn’t have an increased incidence in breast cancer recurrence and cancer-induced
death. Long-term, large randomized studies of the LNG-IUS will be necessary to determine the benefit and risk in
tamoxifen-treated breast cancer patients.
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Introduction trium and increase the morbidity of endometrial
cancer [6].

Breast cancer, which is usually hormone-
dependent, is regarded as the most common
malignant tumor in women. Tamoxifen, a selec-
tive estrogen receptor modulator (SERM), is the
preferred hormonal treatment [1] for estrogen
receptor-positive subtypes of breast cancer. It
plays a crucial role in the prevention of recur-
rence and metastasis and it also is used as sal-
vage therapy for metastatic breast cancer [2].

Uterine curettage is carried out to exclude the
possibility of cancer when the thickness of the
endometrium is more than 8 mm, even 5 mm
for postmenopausal patients. Repeated curet-
tage damages the endometrium and increases
patient anxiousness. Therefore, it is essential
to find an effective way to avoid unnecessary
repeated curettage.

To address this important issue, we undertook

Besides the antiestrogenic effects on the a systematic review of all the relevant random-

breast, tamoxifen has estrogenic effects on the
skeletal system [3], lipid metabolism [4] and
gynecological organs such as the cervix and
uterus [5]. Chronic tamoxifen treatment may
play a role in the carcinogenicity of the endome-

ized clinical trials and performed a quantitative
meta-analysis to assess the efficacy of the levo-
norgestrel-releasing intrauterine system (LNG-
IUS) on the tamoxifen-induced endometrial
lesions in breast cancer patients.
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Table 1. Characteristics of eligible studies included in the meta-analysis

Median Duration of tamoxifen )
Author (year) Samples Intervention
follow up treatment (weeks)
Gardner 2009 [9] 4.5years Treatment group (surveillance + Treatment group: 148.8+67.8 1. Mammography: annually
LNG-IUS): 47
Control group (surveillance): 52 The control group: 152.6+£72.0 2. Transvaginal ultrasonography
3. Hysteroscopy and endometrial biopsy
Kesim 2008 [11] 3 years Treatment group (surveillance +  Treatment group: 100.0+53.5 1. Transvaginal ultrasound
LNG-IUS): 70
Control group (surveillance): 72 The control group: 114.4+63.9 2. Hysteroscopy and endometrial biopsy
Wong 2013 [10]  5years Treatment group (surveillance +  All patients didn’t take tamoxifen 1. Transvaginal ultrasonography

LNG-IUS): 58

Control group (surveillance): 60

before trial

2. Hysteroscopy and endometrial biopsy

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

intention-to-treat (ITT) analysis

percentage of lost to follow-up
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Figure 1. Risk of bias graph: reviewers’ judgments about each methodological quality item are presented as per-

centages across all included studies.

Methods
Search strategy

Relevant trials from the last two decades were
identified using a computerized search of
PUBMED and EMBASE databases. The search
was restricted to English language articles
using the following algorithm: (breast cancer
OR breast carcinoma OR breast neoplasm) AND
(tamoxifen AND (levonorgestrel- releasing intra-
uterine system OR LNG-IUS)) AND (randomized
controlled trial OR clinical trial). All data were
from intent-to-treat analyses. All the random-
ized controlled trials (RCTs) should be approved
by the ethics committee.

Data extraction and synthesis

The following information was extracted from
each publication: year of publication, first
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author, follow-up period, and number of
patients analyzed per arm, patient demograph-
ics, and duration of tamoxifen treatment and
methods of intervention. Data on endometrial
lesions from the final assessment, as defined
in the individual trials, were also extracted. Five
endometrial changes were listed in this analy-
sis as follows: polyps, submucosal fibroids,
atrophic or inactive hyperplasia, proliferation or
secretory endometrium, endometrial thick-
ness. We further assessed the changes accord-
ing to the menstruation. In addition, we
abstracted side effects of the LNG-IUS and the
recurrence and mortality incidences in these
breast cancer patients. Two authors (FY and
Z.Z.G) independently extracted all data from
each eligible publication. Discrepancies were
resolved by consensus. The meta-analysis was
carried out in two arms: the treatment group
(LNG-IUS) and the control group (endometrial
surveillance only).

Int J Clin Exp Pathol 2014;7(10):6419-6429
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Table 2. Baseline characteristics and endometrial pathology

at recruitment

significance was defined as a
p-value less than 0.05.

Treatment group Control group P value

N 175 184
Age 51.7 + 8.3
Menstruation

Pre-menopause
Post-menopause
Endometrial pathology

Polyps 9 (5.1%)

37 (21.1%)

Atrophic or inactive
Proliferative or secretory 56 (32.0%)
Insuffient for diagnosis 23 (13.1%)

53.4 £ 8.8

33 (17.9%)
138 (78.9%) 151 (82.0%)

12 (6.5%)
Submucosal fibroids 8 (4.6%) 13 (7.0%)
101 (57.7%) 117 (63.6%)
49 (26.6%)
27 (14.7%)

Results
0.06 Description of eligible studies
0.51

There were three eligible random-

ized clinical trials [9-11] enrolling

359 patients that met the inclu-

sion criteria, two of which had
0.59 long-term follow-up and updated
0.35 the prior results [12, 13]. Patient
0.26 characteristics are listed in Table
0.27 1. Among the three trials, 118
0.67 patients did not take any tamoxi-

Assessment of risk of bias

Risk of bias was assessed using the Cochrane
risk of bias tool. Two reviewers independently
assessed methodological quality and resolved
disagreements through discussion. The evalua-
tion focused on randomization, blinding, per-
centage of lost to follow-up, intention-to-treat
(ITT) principle, incomplete outcome data and
selective reporting. We planned to assess pub-
lication bias using funnel plots and visual
inspection for asymmetry [7]. However, it was
not appropriate to construct funnel plots to
detect publication bias because of the small
number of included studies. We considered the
research strategies used to be rigorous and
therefore capable of locating all relevant avail-
able RCTs.

Statistical analysis

All data were analyzed using RevMan 5 (The
Cochrane Collaboration, Copenhagen, Den-
mark) and Stata 12.0 analysis software (Stata
Corporation, College Station, TX, USA). The rela-
tive frequency of an outcome event per arm
was expressed as an odds ratio (OR) and a 95%
confidence interval (Cl). The heterogeneity of
the study results was assessed using Conchran
chi-squared statistics and an I-squared test,
which determined the use of either a fixed-
effects or random-effects (Mantel-Haenszel
method or inverse variance methods) model.
Heterogeneity was considered when either the
P-value < 0.05 or the I-square > 50% [8]. All
statistical tests were two-sided, and statistical
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fen or any other hormonal therapy
before the start of the study, while
the other 241 patients were exposed to tamoxi-
fen treatment for at least one year.

Exclusion criteria included pelvic inflammatory
disease [9, 10], a history of malignant disease
other than breast cancer [9, 11], active liver
disease [9], congenital uterine anomaly [10],
the presence of grade lll submucosal fibroids or
endometrial polyps [9] and a uterine cavity
length > 10 cm [10].

Ultrasonography, hysteroscopy and endometri-
al biopsy were carried out in all the three trials
(Table 1). Besides, Gardner et al. [9] also used
mammography annually to surveillance the
candidates.

Risk of bias in included studies

Overall results of risk of bias assessment
appear in Figure 1. In the three RCTs, random-
ization was computer-generated in two of them
and numbered and sealed envelope-generated
in the third (Gardner’s) trial. The method of allo-
cation concealment was assessed as adequate
in all three trials. Participating women were not
blind to treatment assignment because there
was no use of placebo. Moreover, as the provid-
ers of each trial performed the insertion of the
LNG-IUS in the participants, it was not possible
to be blinded. However, outcome assessors for
the trials were blinded.

The number of participants randomized to
treatment assignment in Gardner’s and Wong's
trials did not exactly match with the number of
participants followed up because of the exclu-
sion of women after randomization. Reasons

Int J Clin Exp Pathol 2014;7(10):6419-6429
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the treatment group  the control group Odds Ratio Odds Ratio
) 1 El n -H. Fixed, 95% CI

Gardner 2009 3 47 8 52 20.1% 0.38[0.09, 1.51] ==l
Kesim 2008 4 70 14 72 36.9% 0.25[0.08, 0.81] =
Wong 2013 2 58 16 60 43.0% 0.10[0.02, 0.45] 0
Total (95% Cl) 175 184 100.0% 0.21[0.10, 0.45] -
Total events 9 38

e Chi2 = . = <12 = QY t t l |
Heterogeneity: Chi* = 1.71, df = 2 (P = 0.42); I = 0% 001 04 1 10 100

Test for overall effect: Z = 4.04 (P < 0.0001) Favous LNG-IUS Favous no LNG-IUS

Figure 2. Forest plot of OR for the association between LNG-IUS intervention and endometrial polyps. The size of
the square box is proportional to the weight that each study contributes in the meta-analysis. A diamond marks the
overall estimate and confidence interval. Symbols on the right of the solid line indicate an OR > 1 and symbols on
the left of the line indicate an OR < 1. Abbreviations: M-H = Mantel-Haenszel (fixed-effects model); 95% Cl: 95%
confidential interval.

the treatment group  the control group Odds Ratio Odds Ratio
1 ol 1 0, " T 0,
Gardner 2009 1 47 3 52 59.1% 0.36 [0.04, 3.54) L
Kesim 2008 0 70 0 72 Not estimable
Wong 2013 1 58 2 60 40.9% 0.51[0.04, 5.77] B

Total (95% ClI) 175 184 100.0% 0.42 [0.08, 2.21]
Total events 2 5

TR 2 = = = - 12 = ()° , U T t 1
;ietttarfogeneltyil C;n |-%0-4:|c[|)f3 ;(_PG 3f:].ﬁ:i),l 0% 0.01 01 1 10 100
est for overall effect: Z = 1.03 (P = 0.30) Favours LNG-IUS Favours no LNG-IUS

Figure 3. Forest plot of OR for the association between LNG-IUS intervention and submucosal fibroids. The size of
the square box is proportional to the weight that each study contributes in the meta-analysis. A diamond marks the
overall estimate and confidence interval. Symbols on the right of the solid line indicate an OR > 1 and symbols on
the left of the line indicate an OR < 1. Abbreviations: M-H = Mantel-Haenszel (fixed-effects model); 95% Cl: 95%
confidential interval.

for exclusion were described in details. We scopic polypectomy. There was a significant dif-
could not identify further potential sources of ference among the three studies in the overall
bias for the included studies. effect of the LNG-IUS on de novo endometrial
polyps (P < 0.0001). The outcome indicated
Baseline characteristics and endometrial pa- that there was a significant reduction in the
thology at recruitment number of endometrial polyps in the LNG-IUS
treatment group (5.0%) compared with the sur-
A total of 359 women recruited in three RCTs, veillance group (20.7%): OR 0.21, 95% CI: 0.10-
175 in the treatment group and 184 in the con- 0.45; heterogeneity chi-squared = 1.71,
trol group. Age, Menstruation, endometrial I-squared = 0%, P = 0.42 (Figure 2). Among all
pathology at baseline assessment was similar the patients had the de novo polyps, only 6
(Table 2). As one of the three RCTs [11] didn’t patients had an abnormal vaginal bleeding,
list the exact number of each breast cancer while the rest were asymptomatic. When data
staging, we couldn’t analyze the overall com- were analyzed based on the menstruation,
parison. But Kesim et al [11] mentioned the menopausal status was not found to have a sig-
breast cancer staging of two arms in their trial nificant impact on the de novo polyps preven-
was similar. Besides, we analyzed the other two tion due to the LNG-IUS intervention (OR: 1.93,
trials at the aspect of breast cancer staging at 95% Cl: 0.93-4.00, P = 0.08).
recruitment and there was no significant differ-
ence found in the two arms (P = 0.143). Effects of the LNG-IUS on submucosal fibroids
Effects of the LNG-IUS on endometrial polyps Only patients in the Wong's trial who had sub-
mucosal fibroids underwent a hysteroscopic
All patients who had endometrial polyps at resection at recruitment. Although the analysis
entry into the three RCTs underwent a hystero- showed a decreased effect of fibrosis preven-
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the treatment group  the control group Odds Ratio Odds Ratio

Gardner 2009 47 5 52 39.0% 0.09 [0.00, 1.69)
Kesim 2008 70 4 72 28.0% 1.03[0.25, 4.29]

Wong 2013 0 58 4 60 33.0% 0.11[0.01,2.04] & ®——

Total (95% Cl) 175 184 100.0%  0.36 [0.13, 1.02] N

Total events 4 13

Heterogeneity: Chi? = 3.59, df = 2 (P = 0.17); I? = 44% ’0_0 . 0? ’ 2 1’0 ” 00’

Test for overall effect: Z = 1.92 (P = 0.05) Favous LNG-IUS Favous no LNG-IUS

Figure 4. Forest plot of OR for the association between LNG-IUS intervention and endometrial proliferation or secre-
tory changes. The size of the square box is proportional to the weight that each study contributes in the meta-analy-
sis. A diamond marks the overall estimate and confidence interval. Symbols on the right of the solid line indicate an
OR > 1 and symbols on the left of the line indicate an OR < 1. Abbreviations: M-H = Mantel-Haenszel (fixed-effects
model); 95% Cl: 95% confidential interval.

A the treatment grou the control grou Odds Ratio Odds Ratio
group group
B 9 Ll 0,
Gardner 2009 3 47 39 52 48.1% 0.02[0.01,0.09] '
Kesim 2008 28 70 46 72 37.8% 0.38 [0.19, 0.74) =
Wong 2013 44 58 43 60 14.2% 1.24 [0.55, 2.83) i
Total (95% Cl) 175 184 100.0%  0.33[0.21, 0.51] <
Total events 75 128
Heterogeneity: Chi? = 25.75, df = 2 (P < 0.00001); I? = 92% 0 o1 0'1 1 1'0 100‘
Test for overall effect: Z = 5.04 (P < 0.00001) Favous LNG-IUS Favous no LNG-IUS
B the treatment group  the control group Odds Ratio 0Odds Ratio
g g
dy © baro ents ota en ota Weigh M-H. Random, 95% M-H d J
Gardner 2009 3 47 39 52 30.9% 0.02[0.01,0.09) ™
Kesim 2008 28 70 46 72 34.9% 0.38 [0.19, 0.74] L
Wong 2013 44 58 43 60 34.2% 1.24 [0.55, 2.83)
Total (95% CI) 175 184 100.0% 0.24 [0.04, 1.53]
Total events 75 128

Heterogeneity: Tau? = 2.47; Chi* = 25.75, df = 2 (P < 0.00001); I* = 92%

Test for overall effect: Z = 1.51 (P =0.13) 001 04 1 10 100

Favous LNG-IUS Favous no LNG-IUS

Figure 5. Forest plot of OR for the association between LNG-IUS intervention and endometrial atrophic or inactive
changes. A: Fixed-effects model. B: Random-effects model. The size of the square box is proportional to the weight
that each study contributes in the meta-analysis. A diamond marks the overall estimate and confidence interval.
Symbols on the right of the solid line indicate an OR > 1 and symbols on the left of the line indicate an OR < 1. Ab-

breviations: M-H = Mantel-Haenszel (fixed-effects model); 95% Cl: 95% confidential interval.

tion with 1.14% of patients in the treatment
group and 2.7% in the control group, the result
was of no statistical significance (P = 0.30): OR
0.42, 95% Cl: 0.08-2.21; heterogeneity chi-
squared = 0.04, I-squared = 0%, P = 0.83

(Figure 3).

Effects of the LNG-IUS on endometrial prolif-

eration or secretory changes

Four cases of proliferation or secretory hyper-
plasia were noted in the treatment groups
(2.3%), while 13 cases occurred in the control
group (7.1%). The LNG-IUS showed a beneficial
trend in maintaining endometrial proliferation
or secretory status (P = 0.05, OR 0.36, 95% Cl
0.13-1.02; heterogeneity chi-squared = 3.59,

6423

I-squared = 44%, P = 0.17, Figure 4). When we
analyzed the patients into subgroups according
to the menstruation, LNG-IUS didn’t do a signifi-
cant favor on the postmenopausal patients
(OR: 1.46, 95% CI: 0.48-4.41, P = 0.05).

Effects of the LNG-IUS on endometrial atrophic
or inactive changes

From Figure 5A, it is apparent that 42.9% of
patients in the treatment group had atrophic or
inactive hyperplasia according to pathological
reports of the endometrium, while 69.6% of
patients in the control group had the same
diagnosis. The overall effect was highly signifi-
cant between the two groups (P < 0.01).
However, there was significant heterogeneity

Int J Clin Exp Pathol 2014;7(10):6419-6429
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the treatment group  the control group 0Odds Ratio Odds Ratio
_Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95%Cl  M-H, Fixed,95%Cl
Gardner 2009 0 a7 1 52 19.4%  0.36[0.01, 9.09] -
Kesim 2008 0 70 4 72 605%  0.11[001,204 ¢ W——
Wong 2013 0 58 1 60 20.1%  0.34[0.01, 8.49] -
Total (95% CI) 175 184 100.0%  0.20 [0.04, 1.18] e
Total events 0 6
Heterogeneity: Chi? = 0.40, df = 2 (P = 0.82); I = 0% ‘0‘0 ] o‘j , : 1‘0 r 00‘

Test for overall effect: Z = 1.77 (P = 0.08) Favours LNG-IUS  Favours no LNG-IUS

Figure 6. Forest plot of OR for the association between LNG-IUS intervention and endometrial hyperplasia without
atypia. The size of the square box is proportional to the weight that each study contributes in the meta-analysis. A
diamond marks the overall estimate and confidence interval. Symbols on the right of the solid line indicate an OR >
1 and symbols on the left of the line indicate an OR < 1. Abbreviations: M-H = Mantel-Haenszel (fixed-effects model);
95% Cl: 95% confidential interval.

Mean Difference
IV, Fixed, 95% CI

the treatment group the control group Mean Difference

Study or Subgroup Mean SD _ Total Mean SD Total Weight IV, Fixed, 95% CI

Gardner 2009 7.4 3.05 47 81 498 52 19.0% -0.70[-2.31,0.91]
Kesim 2008 9.9 27 70 10 3.8 72 42.0% -0.10[-1.18,0.98]
Wong 2013 5.6 28 58 5.6 34 60 39.0% 0.00[-1.12,1.12]
Total (95% Cl) 175 184 100.0% -0.17 [-0.88, 0.53]

4100 -50 0 5 100
Favours LNG-IUS Favours no LNG-IUS

Heterogeneity: Chi* = 0.52, df =2 (P = 0.77); F = 0%
Test for overall effect: Z = 0.49 (P = 0.63)

Figure 7. Forest plot of OR for the association between LNG-IUS intervention and endometrial thickness. The size
of the square box is proportional to the weight that each study contributes in the meta-analysis. A diamond marks
the overall estimate and confidence interval. Symbols on the right of the solid line indicate an OR > 1 and symbols
on the left of the line indicate an OR < 1. Abbreviations: IV = inverse variance (fixed-effects model); 95% Cl: 95%

confidential interval.

among the three studies (Chi-squared = 25.75,
I-squared = 92%, P < 0.01). We performed influ-
ence analysis on this condition to explore the
reason for the heterogeneity, as shown in
Appendix 1. It showed that the study of Gardner
et al. [9] and Wong et al. [10] substantially influ-
enced the pooled OR. Whichever study we omit-
ted would result in a high degree of heterogene-
ity. Therefore, the random-effects model was
used to analyze the data and demonstrated
that the LNG-IUS did not show a result of endo-
metrial atrophy or inactiveness (P = 0.13, OR
0.24, 95% CI 0.04-1.53, Figure 5B). But when
we analyzed these patients according to the
menstruation, we found a significant difference
that LNG-IUS resulted in endometrial atrophy or
inactiveness more frequently in the postmeno-
pausal patients than the premenopausal
patients (OR: 1.88, 95% Cl: 1.11-3.20, P =
0.02).

Effects of the LNG-IUS on endometrial hyper-
plasia without atypia

There were six cases (3.3%) of endometrial
hyperplasia without atypia in the control group,
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while there were no cases in the treatment
group. However, as shown in Figure 6, no sig-
nificant inhibition of endometrial hyperplasia
was found (P = 0.08, OR 0.20, 95% CI 0.04-
1.18; heterogeneity chi-squared = 0.40, I-squ-
ared = 0%, P = 0.82).

Effects of the LNG-IUS on endometrial thick-
ness

There was no statistical difference among the
three studies on the overall effect of the LNG-
IUS on repression of endometrial thickness (P =
0.63) using a fixed-effects inverse variance
model analysis: OR -0.17, 95% CI: -0.88-0.53;
heterogeneity chi-squared = 0.52, I-squared =
0%, P=0.77 (Figure 7).

Incidence of abnormal vaginal bleeding

In terms of side effects of the LNG-IUS, the
most frequent one was abnormal vaginal bleed-
ing. From the study, we found a total of 44
patients (25.1%) with abnormal bleeding after
the LNG-IUS intervention within 24 months and
21 patients (11.4%) in the control group: OR

Int J Clin Exp Pathol 2014;7(10):6419-6429
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the treatment group

the control group

Odds Ratio Odds Ratio

_Study or Subgroup Events Total Events Total Weight M-H.Fixed. 95%Cl  M-H Fixed. 95%ClI
Gardner 2009 10 47 5 52 549%  2.54[0.80, 8.08] T
Kesim 2008 7 70 0 72 65% 17.13[0.96, 305.84] =
Wong 2013 27 58 5 60 386%  9.58(3.35,27.40] —
Total (95% Cl) 175 184 100.0%  6.20 [2.99, 12.85] -
Total events 44 10
Heterogeneity: Chi? = 3.42, df = 2 (P = 0.18); I = 42% :o.o 1 of F : 1’0 7 00’

Test for overall effect: Z = 4.91 (P < 0.00001)

Favours LNG-IUS Favours no LNG-IUS

Figure 8. Forest plot of OR for the association between LNG-IUS intervention and abnormal bleeding. The size of
the square box is proportional to the weight that each study contributes in the meta-analysis. A diamond marks the
overall estimate and confidence interval. Symbols on the right of the solid line indicate an OR > 1 and symbols on
the left of the line indicate an OR < 1. Abbreviations: M-H = Mantel-Haenszel (fixed-effects model).

the treatment group

Gardner 2009 1 a7 1
Kesim 2008 0 70 0
Wong 2013 10 58 6
Total (95% CI) 175

Total events " 7

Heterogeneity: Chi? = 0.12, df =1 (P =0.73); P = 0%
Test for overall effect: Z = 1.09 (P = 0.28)

the control group

0Odds Ratio Odds Ratio
il " 0, i 0,
52 16.0% 1.11[0.07, 18.24)
72 Not estimable
60 84.0% 1.88 [0.63, 5.54]
184 100.0% 1.75 [0.64, 4.80]
001 04 1 10 100

Favours LNG-IUS Favours no LNG-IUS

Figure 9. Forest plot of OR for the association between LNG-IUS intervention and breast cancer recurrence. The size
of the square box is proportional to the weight that each study contributes in the meta-analysis. A diamond marks
the overall estimate and confidence interval. Symbols on the right of the solid line indicate an OR > 1 and symbols
on the left of the line indicate an OR < 1. Abbreviations: M-H = Mantel-Haenszel (fixed-effects model).

6.20, 95% Cl: 2.99-12.85, P < 0.01; heteroge-
neity chi-squared = 3.42, |-squared = 42%, P =
0.18 (Figure 8).

Incidence of breast cancer recurrence and
cancer-induced death

Eleven (6.3%) patients were found having
breast cancer recurrence after LNG-IUS inter-
vention and 7 (3.8%) patients were found in the
control group, which had no statistical differ-
ence on this aspect (P=0.28, OR 1.75, 95% CI:
0.64-4.80; heterogeneity chi-squared = 0.12,
I-squared = 0%, P = 0.73, Figure 9). Besides, 8
(4.6%) patients were found cancer-induced
death in the treatment group and 7 (3.8%) in
the control group, with no significant difference
(P=0.71, OR 1.22, 95% CI: 0.42-3.52; hetero-
geneity chi-squared = 0.01, I-squared = 0%, P =
0.91, Figure 10).

Discussion
Tamoxifen is used primarily for adjuvant treat-
ment in pre- and post-menopausal women with

estrogen receptor-positive breast cancer.
Because of the dual function of tamoxifen, it is
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prudent to pay attention to its weak estrogenic
action on other tissues except for the breast,
where it is antagonistic. It can stimulate the
endometrium, resulting in an increased inci-
dence of unscheduled uterine bleeding, endo-
metrial polyps, endometrial hyperplasia, and
even cancer [14]. It can also cause an increase
in bone mineral density [3] and alter the blood
lipid pattern [4]. The American College of
Obstetricians and Gynecologists (ACOG) con-
siders that polyps are the most common endo-
metrial lesion induced by tamoxifen, followed
by hyperplasia and uterine cancer [15]. Daniel
et al. [16] reported that patients treated with
tamoxifen had a higher risk of developing endo-
metrial carcinomas compared with age-
matched controls not using tamoxifen (risk
ratio: 1.3-7.5).

Progesterone has been used for endometrial
hyperplasia for many years as it has both indi-
rect antiestrogenic and direct antiproliferative
effects on the endometrium [17]. It has been
proposed that progesterone, given either orally
(norethisterone acetate, megestrol acetate and
medroxyprogesterone acetate) or locally, can
balance the tamoxifen-inducing endometrial
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the treatment group  the control group Odds Ratio 0Odds Ratio

Gardner 2009 29.2% 1.11[0.15, 8.22]
Kesim 2008 0 70 0 72 Not estimable
Wong 2013 6 58 5 60 70.8% 1.27 [0.37, 4.41]
Total (95% CI) 175 184 100.0% 1.22 [0.42, 3.52]
Total events 8 7

Heterogeneity: Chi* = 0.01,df =1 (P =0.91); P = 0%

Test for overall effect: Z = 0.37 (P =0.71) o o 1 5 150

Favours LNG-IUS Favours no LNG-IUS

Figure 10. Forest plot of OR for the association between LNG-IUS intervention and cancer-induced death. The size
of the square box is proportional to the weight that each study contributes in the meta-analysis. A diamond marks
the overall estimate and confidence interval. Symbols on the right of the solid line indicate an OR > 1 and symbols

on the left of the line indicate an OR < 1. Abbreviations: M-H = Mantel-Haenszel (fixed-effects model).

changes [15]. However, it has also been report-
ed that high-dose systemic progestogen may
blunt the efficacy of tamoxifen to prevent breast
cancer recurrence and don’t reverse the devel-
opment of polyps, endometrial cysts and
fibroids associated with tamoxifen [18]. Besi-
des, high doses of systemic progestogens have
been associated with some undesirable sys-
temic side effects [19], such as stomach upset,
edema, fatigue, acne, insomnia and even
breast discomfort.

The LNG-IUS, developed primarily as a contra-
ceptive device, releases a continuous dose (20
ug/24h) of levonorgestrel into the uterine cavi-
ty for over five years, inducing endometrial epi-
thelial atrophy, decidualization and vascular
changes so that the endometrium loses sensi-
tivity to circulating estrogen [20]. The LNG-IUS
has been used to treat several gynecological
diseases, such as adenomyosis, fibroids and
menorrhagia, as well as to protect the endome-
trium during hormonal replacement therapy
[24]. In a five-year non-comparative prospec-
tive clinical trial on 102 postmenopausal
women using estrogen substitution therapy
(percutaneous 17-beta estradiol, 1.5 mg daily,
or an equivalent dose by patch or orally), who
also received intrauterine levonorgestrel,
Wildemeersch et al. [22] demonstrated that the
LNG-IUS effectively opposed the estrogenic
effect on the endometrium resulting in strong
suppression. Because of its high efficacy and
absence of systemic effects on organ tissues
(e.g. breasts), target-delivery in the uterine cav-
ity could be a preferred route to administer a
progestogen in women using estrogen substitu-
tion therapy. The consistent result was also
shown in perimenopausal women [23]. For this
reason, it has been suggested that the LNG-IUS

6426

may be effective in preventing proliferative
endometrial pathology in tamoxifen users.

Two of the three studies had prior published
reports. In the study of Gardner, with a 12-
month follow-up, they discovered a decreased
incidence of endometrial polyps (2% vs. 8%),
submucosal fibroids (2% vs. 6%), and complex
hyperplasia (0% vs. 2%) in the treatment group
when compared with the control group and also
found a significant difference in uterine weight
[13]. In the study of Chan et al. [12], they dem-
onstrated that women in the treatment group
had a much lower incidence of endometrial pol-
yps at 12 months and had a decrease in endo-
metrial proliferative or secretory hyperplasia
(0% vs. 15.5%). There was no significant differ-
ence in the incidence of submucosal fibroids. At
this time, these two studies have updated their
final assessments with a follow-up at 4.5 and 5
year respectively.

In this analysis, we suggest that the LNG-IUS
has significant benefit in preventing de novo
polyps. Besides, LNG-IUS only showed a trend
in maintaining endometrial proliferation or
secretory status and inhibiting on endometrial
hyperplasia without atypia and without any sta-
tistical differences in these comparisons.
Furthermore, none of the three trials reported
on the incidence of endometrial cancer. That
might be because of the efficacy of LNG-IUS or
the small number of samples, which meant
there was insufficient power to ascertain
whether the LNG-IUS was beneficial in reducing
the incidence of precancerous or cancerous
lesions.

When we analyzed the effect of interventions
into two groups according to patients’ menstru-
ation, we did not find menopausal status was a
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significant factor associated with polyp’s pre-
vention. However, in the aspect of maintaining
endometrial atrophic or inactive changes, the
LNG-IUS had a benefit on the postmenopausal
patients. It is possible that this is related to the
timing of LNG-IUS insertion. For premenopaus-
al patients, they have their basic endometrial
hyperplasia under the role of systemic hormon-
al level besides the estrogenic effect of tamoxi-
fen on the endometrium.

Abnormal bleeding is regarded as the most
common side effect for women who use the
LNG-IUS [24]. In our analysis, bleeding events
in the treatment group occurred statistically
more frequently compared with the control
group, but the bleeding appeared mostly as a
spotting pattern and stopped within 12 months
in all three trials.

The safety of using the LNG-IUS in breast can-
cer survivors is uncertain. Backman et al. [25]
reported that there was no indication of a dif-
ference between the 17,360 LNG-IUS-users
and an average Finnish female population in
any of the 5-year age groups between 30 and
54 years of age, suggesting that use of the
LNG-IUS was not associated with an increased
risk of breast cancer. The same result was
obtained in a retrospective cohort study [26]
assessing the recurrence rate among 79 breast
cancer Belgian survivors who used the LNG-IUS
in comparison with 120 nonusers who were
closely matched for age at diagnosis, tumor
stage, tumor grade and treatment modality.
However, in a subgroup analysis of women who
developed breast cancer while using the LNG-
IUS and who continued to use the LNG-IUS, a
higher risk of recurrence of borderline statisti-
cal significance was reported. Among the three
trials, two trials reported the outcomes of
breast cancer recurrence and cancer-induced
death. From the analysis, no statistic differ-
ence was found in these two aspects between
the treatment and control groups.

This analysis verifies the efficacy of the LNG-
IUS in preventing de novo polyps in breast can-
cer patients treated with tamoxifen. There was
insufficient evidence to ascertain whether the
LNG-IUS had any benefit in reducing the inci-
dence of precancerous or cancerous lesions.
Besides, the LNG-IUS didn't lead to an
increased incidence of breast cancer recur-
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rence and cancer-induced death with a statisti-
cal significance. Given the limited data of the
LNG-IUS in the recurrence or mortality rate of
breast cancer, there is a need for larger and
longer-term randomized studies to determine
the benefit and risk of the LNG-IUS in tamoxi-
fen-treated breast cancer patients.
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Appendix 1. Influence analysis shows the influence of individual studies on the pooled OR. The vertical
axis indicates the overall OR and the two vertical axes indicate its 95% CI. Every hollow round indicates

the pooled OR when the left study was omitted from this meta-analysis. The two ends of every broken
line represent the respective 95% Cl.

Meta-analysis estimates, given named study is omitted
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