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Abstract. Progestin preparations are made of synthetic 
progesterone and have often been used for hormone therapy 
in gynecological patients with endometriosis or endometrial 
cancer. Hormone therapy using progestin is considered to 
be one of the effective means of treatment particularly when 
dealing with endometrial cancer (an estrogen-dependent tumor). 
Numerous reports have been published concerning its efficacy 
in advanced or recurrent cases of atypical endometrial hyper-
plasia or endometrial cancer. Dienogest has been developed as 
a fourth-generation progestin for hormone therapy for endo-
metriosis that can be used with high safety for long periods of 
time. In Japan, dienogest has been recommended as a first-line 
drug for endometriosis-associated pain. However, its antitumor 
activity has also been attracting close attention following a 
report that this drug suppressed the proliferation in vitro of 
endometrial cancer-derived cell lines which failed to respond 
to other progestins such as medroxyprogesterine acetate (MPA). 
The mechanism for antitumor activity of dienogest is considered 
to differ from the mechanism for antitumor activity of conven-
tional progestin preparations used for treatment of endometrial 
cancer. This drug is expected to be clinically applicable as a new 
drug for the treatment of endometrial cancer.
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1. Introduction

Synthetic progestin was first used for treatment of endometriosis 
in 1958 by Kistner who applied it as a false pregnancy therapy. 
Later, oral contraceptives (OCs) replaced synthetic progestin. 
In the 1980s, however, false pregnancy therapy with new drugs 
such as gonadotropin releasing hormone agonist (GnRHa) and 
danazol resulted in higher response rates than earlier methods of 
false pregnancy therapy and these new drugs became predomi-
nant.

However, since GnRHa therapy induces adverse reactions 
such as osteoporosis and climacteric symptoms associated 
with estrogen deficiency and because danazol induces adverse 
reactions such as thrombosis and masculinization, the period 
of continued treatment with these drugs was limited to 6 
months at maximum. Under such circumstances, efforts were 
made to develop a new progestin having more potent proges-
terone activity and less androgen activity capable of replacing 
GnRHa and danazol for which prolonged use was difficult. As 
a consequence, dienogest, which has high progesterone activity 
and possesses anti-androgen activity, was developed. Its clinical 
use in Japan was approved in 2008. This drug now plays an 
important role in long-term management of endometriosis.

This report will describe the mechanism for the effects of 
progestin on endometriosis and endometrial cancer and discuss 
the potential of dienogest as a new progestin for the treatment 
of endometrial cancer.

2. Progestin therapy for endometriosis

Endometriosis is an estrogen-dependent disease, involving 
growth of endometrial tissue dependent on the blood estradiol 
level which rises during the menstruation cycle. This disease 
advances while inducing inflammation and intense pain during 
each menstruation period. Progestin provides a valid means of 
treating this disease in cases where high-dose estrogen (used 
for false pregnancy therapy) is not indicated and cases with 
estrogen-dependent tumor or thrombotic tendency. Progestin 
antagonizes endometrial tissue growth by suppressing the secre-
tion of gonadotropin from the pituitary gland and the formation 
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of hormones in the ovaries as well we through inducing changes 
in the decidual of the endometrium and subsequent endometrial 
atrophy. The effect of progestin in suppressing endometrial 
growth is comparable to that of GnRHa and danazol. The cost 
of progestin is lower and the incidence of estrogen deficiency-
associated adverse reactions (reduction in bone mineral density, 
climacteric symptoms and so on) is lower with progestin than 
with GnRHa and danazol. Because of these features, some 
investigators consider progestin to be more useful than GnRHa 
and danazol as a means of treating endometriosis (1). A major 
adverse reaction to progestin therapy is irregular bleeding, a 
symptom seen in about 40% of patients treated with progestin at 
high-dose levels. In cases of estrogen-dependent tumor and cases 
without thrombotic tendency, this symptom can be alleviated by 
oral low-dose estrogen treatment.

Medroxyprogesterone acetate (MPA) is one of the progestins 
most deeply studied. It has been shown that lesions diminished 
or disappeared, accompanied by alleviation of symptoms, in 
all of the 35 patients with endometriosis complaining of pain 
following 90-day oral treatment with this drug (30 mg/day) 
(2). In a study involving oral treatment with megestrol acetate 
(40 mg/day) in 29 patients with endometriosis, 86% of the 
patients showed alleviation of symptoms such as pain and irreg-
ular bleeding (3). In 2001, a report was published, demonstrating 
that in patients complaining of endometriosis-associated pain, 
the use of an intrauterine device releasing levonorgestrel (a 
progesterone) (LNG-IUD) reduced menorrhea and pain during 
intercourse and diminished the nodular induration of Douglas' 
pouch (4). In the same year, strong pain-relieving effects of 
gestrinone (a progestin having agonist activity on androgen 
receptor) as compared to GnRHa were also reported.

Furthermore, Sacco et al reported the efficacy of progestin 
therapy on prostaglandin E2 (PGE2) involved in endometriosis 
(5). According to their report, PGE2 is produced in macrophages 
and ectopic endometrium in patients with endometriosis, causing 
up-regulation within the peritoneal cavity and increasing 
estrogen synthesis through up-regulation of steroidogenic acute 
regulatory protein (StAR) and aromatase. PGE2 additionally 
causes up-regulation of fibroblast growth factor-9 (FGF-9), 
which suppresses cell apoptosis and stimulates cell proliferation. 
The PGE2-stimulated estrogen synthesis leads to up-regulation 
of vascular endothelial growth factor (VEGF), and PGE2 itself 
causes up-regulation of VEGF and fibroblast growth factor-2 
(FGF-2), resulting in stimulation of vascularization. Estrogen, 
VEGF and FGF-2 all cause positive feedback of PGE2. Dienogest 
is a synthetic progestin with a target set at expression of genes 
involved in biosynthesis of PGs (e.g., PGE2), as described later 
in detail, and is considered to exert effects against endometriosis 
through suppressing the PGE2-associated cascade (Fig. 1).

In patients with endometriosis, progestin therapy alleviates 
symptoms and diminishes lesions through suppressing endome-
trial growth via the diverse mechanisms mentioned above. Now, 
active research is under way on new preparations of progestin 
and new methods for clinical application of progestin.

3. Dienogest, a new progestin

Dienogest is a fourth-generation progestin developed as a 
new 19-nortestosterone derivative with higher progesterone 
activity and anti-androgen activity than ordinary progesterone 

preparations on endometriosis (Fig. 2). Dienogest stimulates 
the differentiation of endometrial stromal cells and suppresses 
their proliferation (6). It can be additionally characterized by 
no suppression of basal levels of luteinizing hormone (LH) and 
follicle stimulating hormone (FSH) (6). Progestin reduces the 
basal LH and FSH levels and thus suppresses ovarian function, 
while dienogest suppresses the proliferation of endometriosis cells 
through reducing blood estradiol level by induction of closure 
of dominant follicles without suppressing FSH. Furthermore, 
dienogest also suppresses cell proliferation through inducing G0/
G1 arrest suppressing uptake of deoxyuridine bromide (BrdU) 
into endometriosis cells at concentration levels >10-7 M (7). At a 
level of 10-7 M, dienogest also suppresses the TNFα-stimulated 
formation of IL-8 by endometriosis cells (8). Thus, dienogest 
suppresses growth and inflammation of lesions. Dienogest is 
therefore expected to reduce pain and induce diminishment 
and atrophy of lesions in patients with endometriosis through 
suppression of ovarian function and direct suppression of endo-
metriosis cell proliferation, with its effect in inducing atrophy 
of lesions having been reported to be comparable to that of 
GnRHa and danazol (9,10). Dienogest is superior to GnRHa and 
danazol in terms of lack of restrictions on dosing period, milder 
adverse reactions and lower risk for thrombosis, thus providing a 
valid means of treating endometriosis which required long-term 
control of menstruation. Six-month treatment with dienogest has 
been shown to markedly alleviate dysmenorrhea, pre-menstrua-
tion pain, coital pain and extensive pelvic pain (11).

In Japan, the Guidelines on Obstetric and Gynecological 
Management (2011), prepared by the Japan Society of Obstetrics 
and Gynecology list low-dose EP combined preparations and 
dienogest as first-line drugs in cases of endometriosis-associated 
pain poorly responding to existing analgesic agents or requiring 
treatment of endometriosis itself. A major adverse reaction 
to dienogest is irregular genital bleeding (~60%), and other 
adverse reactions include headache, nausea, breast discomfort, 
dizziness, hotflashes, reduced hemoglobin and weight gain (10).

4. Progestin therapy for endometrial cancer

Endometrial cancer is a malignant epithelial tumor which 
develops in the endometrium of uterine. It often develops in 
environments where estrogen secretion outweighs progesterone 
secretion. Endometrial cancer is treated with more diverse 
methods than are other malignant tumors affecting the intra-
pelvic organs. Total hysterectomy is the standard treatment for 
endometrial cancer. In inoperable cases, radiotherapy, chemo-
therapy and hormone therapy are applied, and combinations of 
these therapies are used in advanced or recurrent cases of endo-

Figure 1. Effect of PGE2 on estrogen synthesis and vascularization.



INTERNATIONAL JOURNAL OF ONCOLOGY  40:  1755-1762,  2012 1757

metrial cancer. Of these therapies, hormone therapy is indicated 
in patients who wish to remain fertile after pre-menopausal 
early development of the cancer, patients having serious clinical 
problems not indicated for surgery, and patients requiring post-
operative hormone replacement therapy.

Progesterone suppresses the growth of endometrial cancer, 
and its various derivatives have been used for hormone therapy. 
At present, megestrol acetate and MPA are the most frequently 
used progesterone preparations. Regarding the mechanism for 
suppressed growth of endometrial cancer, progestin was previ-
ously considered to exert this effect through down-regulation 
of estrogen receptors (ER), and activation of enzymes involved 
in estrogen metabolism. At present, the effect of progestin is 
known to involve cell cycle regulation by cyclin-dependent 
kinase (Cdk) and anti-oncogene is an important factor. Cyclin 
is a substance expressed during the cell cycle and is known 
to form a complex with specific Cdk and to advance the cell 
cycle. On the other hand, the products of anti-oncogenes (such 
as p53) and Cdk inhibitors antagonize the function of cyclin 
and Cdk, resulting in suppression of cell proliferation. In the 
glandular epithelium of endometrial tissue, several cell cycle 
promoting factors are expressed during the growth phase and 
p27 (a cyclin E-Cdk2 complex inhibitor) is expressed during 
the secretory phase. Progestin is considered to reinforce p27 
expression, resulting in inhibition of cyclin E-Cdk2 function 
and suppression of the cell cycle (12).

In cases of atypical endometrial hyperplasia and endometrial 
cancer (particularly well-differentiated endometrioid type), 
progesterone receptor (PR) is often expressed, resulting in 
regulation of growth by progestin. The response rate to MPA is 
generally higher with PR-positive cancer than with PR-negative 
cancer, suggesting that the effect of progestin is mediated by PR 
(13). 17β-hydroxysteroid dehydrogenase type 2 (17-HSD type 
2) is an enzyme constituting the androgen and estrogen synthesis 
and catalyzes the conversion of E2 (potent estrogen) into E1 
(inactive form). 17-HSD type 2 and PR (particular the isotype 
called PRB) are attracting close attention as factors enabling 
prediction of responses of endometrioid type endometriosis to 
progestin therapy (14). 17-HSD type 2 is detected in the glan-
dular cell cytoplasm only during the endometrial secretory phase 
and is not detected during the proliferative phase. In endometrial 
tissue epithelial cells, progestin stimulates the expression of 
17-HSD type 2 (15). Progestin in endometrial tissue has the 
possibility of exerting anti-estrogen activity in the endometrium 
through inducing 17-HSD type 2 and stimulating the remission 
of endometrial hyperplastic disease.

Various results have been reported concerning the effects 
of progestin used as postoperative adjuvant therapy for endo-
metrial cancer. Urbanski et al reported that the 5-year survival 
rate of patients with endometrial cancer was significantly higher 
following postoperative adjuvant therapy with progesterone 
(97%, n=100) as compared to the control group (68.6%, n=105) 
(16). However, McDonald et al (17) and Vergote et al (18) 
reported that progesterone therapy failed to improve the survival 
rate sufficiently, and De Palo et al (19) also reported the lack of 
survival rate improvement following progesterone treatment, 
adding that postoperative adjuvant therapy is not effective and 
hence is not recommendable. Thus, there is no definite conclu-
sion as to the usefulness of postoperative adjuvant therapy as a 
means of preventing recurrence of endometrial cancer (20).

Regarding progestin therapy for advanced or recurrent 
endometrial cancer, treatment of 331 cases with MPA 50 mg 
three times daily resulted in complete remission in 32 cases 
(9.6%) and partial remission in 26 cases (7.9%), with the median 
exacerbation-free survival period being 4.0 months and the 
median overall survival period being 10.5 months (21). When 
MPA 200 or 1,000 mg/day was administered to 229 cases of 
advanced or recurrent endometrial cancer, the low-dose group 
(200 mg/day group) showed better outcomes (17% complete 
remission and 8% partial remission) than in the high-dose group 
(1,000 mg/day group) (9% complete remission and 6% partial 
remission) (22). Median exacerbation-free survival period also 
differed significantly between the low-dose group (3.2 months) 
and the high-dose group (2.5 months) (22). When progestin 
therapy is actually applied to clinical cases, high-dose oral MPA 
is used. Regarding its dose level, the Gynecologic Oncology 
Group (GOG) reported that when patients with advanced or 
recurrent cancer were assigned at random to the low-dose group 
(MPA 200 mg/day, n=145) and the high-dose group (1,000 mg/
day, n=154), the response rate was higher in the low-dose group 
(25%, including 25 cases with complete remission and 11 with 
partial remission) than in the high-dose group (16%, 14 cases 
with complete remission and 10 with partial remission), with 
the responses being particularly favorable in G1 and PR-positive 
cases.

Thrombosis is a serious adverse reaction to MAP. It is 
caused by the MPA's inhibitory activity against plasminogen 
activator (PA) (24). Because this adverse reaction can be fatal 
through inducing cerebral infarction, myocardial infarction, and 
pulmonary embolism, monthly checks of the clotting system 
are needed, and treatment with MAP needs to be discontinued 
upon detection of abnormality in the clotting system. Cancer 
tissue susceptibility to MPA is important in avoiding adverse 
reactions to MPA. It has been shown that susceptibility of endo-
metrial cancer to MPA varies among individual cases, with the 
responses more likely to appear in cases of well-differentiated 
endometrial cancer and less likely in cases of poorly-differen-
tiated endometrial cancer. Indicators available for evaluation of 
the susceptibility of endometrial cancer to MPA include induc-
tion of estradiol dehydrogenase, suppression of ER expression, 
PR expression level and atrophic changes of vagina smear.

In developed countries, early stage endometrial cancer 
and atypical endometrial hyperplasia have recently been 
increasing also among young females aged below 40 years. 
When dealing with young women who desire to have children, 
fertility-preserving treatment instead of hysterectomy is desi-

Figure 2. Chemical structure of dienogest.
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rable and progestin therapy is used for such cases. In Japan, 
MPA is considered to be indicated in patients satisfying all of 
the following five criteria: i) FIGO 1988 surgical stage Ia, ii), 
well-differentiated (G1) endometrioid adenocarcinoma, iii) not 
contraindicated for MPA therapy, iv) nulliparous woman aged 
below 40, and v) informed consent on the indications and limita-
tions of MPA therapy. To summarize the domestic and overseas 
reports on progestin therapy applied as fertility-preserving 
therapy in 1997 through 2008, the lesions disappeared in 164 
(75%) of the 218 cases of endometrial cancer (corresponding to 
G1 endometrioid adenocarcinoma, FIGO 1988 surgical stage 
Ia) in response to progestin therapy. Among these 164 cases 
showing disappearance of lesions, recurrence was later noted 
in 53 (36%) of the 148 cases where information on the pres-
ence/absence of recurrence was available (Table I) (14,25-34). 
When progestin therapy was applied to 47 cases of atypical 
endometrial hyperplasia, 42 cases (89%) showed disappearance 
of lesions, and 8 (19%) of these 42 cases later showed recurrence 
(Table II) (26,27,31,35). Regarding the efficacy of progestin 
therapy on endometrial cancer, Montz et al reported that when 
progestin therapy was administered to cases of G1 endometrial 
cancer (FIGO 1988 surgical stage Ia) not indicated for surgery 
for reasons of influence of complications or preservation of 
fertility, the tumor was histologically rated as negative in 7 
of the 11 cases at 6 months and 6 of the 8 cases at 12 months 
after the start of treatment (36). Ramirez et al applied progestin 
therapy to 81 cases of endomtrioid adenocarcinoma G1 and 
reported the outcome (37). According to their report, 76% of 
these cases responded to treatment, with the median time until 
responses being 12 weeks. Of these respondents, 24% developed 
recurrence, with the median time until recurrence being 19 
months. Twenty patients became pregnant after completion of 
treatment, and no death from endometrial cancer was recorded. 
Thus, when progestin therapy is applied as a fertility-preserving 
therapy, the probability for disappearance of lesions is high but 
the risk for recurrence is not low, and pregnancy cannot always 
be achieved even after disappearance of lesions.

Treatment with progestin is particularly effective in some 
patients with endometrial cancer in whom PR expression has 
been maintained. However, PR expression is absent in many 
cases of endometrial cancer, thus limiting the effects of progestin 
on cancer. For this reason, studies on the method for restoration 
of PR expression in endometrial cancer have been conducted at 
the gene and protein levels. To put it concretely, several preclin-
ical studies have been carried out on the control of epigenetic 
mutations (extensive hypomethylation or hypermethylation of 
anti-oncogenes, and so on) often seen in cases of endometrial 
cancer for the purpose of stimulating apoptosis and restoration of 
susceptibility of cancer to chemotherapy (38). In cases of cancer 
where transcription of anti-oncogenes is usually regulated by 
DNA methylation, DNA methyltransferase inhibitors (DNMTi) 
stimulate the re-expression of anti-oncogenes, contrary to their 
usual action. Furthermore, since histone deacetylation maintains 
transcription silencing in the presence of cancer, histone deacety-
lase inhibitors (HDACi) stimulate transcription. Combined use 
of these two inhibitors is often more effective than separate use 
of one of them. One possible mechanism for the augmented 
efficacy of this combination is that HDACi directly reduces 
the activity of DNMT3B through weakening the stability of 
mRNA of DNMT3B, a kind of DNMT (39,40). The second 
possible mechanism is involvement of HDAC with a methylated 
DNA sequence. However, it has not yet been fully clarified how 
the cross-talk between these two enzyme groups occurs and 
how DNMT1/HDACi therapy exerts therapeutic efficacy (41). 
Uncombined treatment with DNMTi or HDACi or treatment 
with their combination can restore the expression of anti-onco-
genes in endometrial cell lines, leading to less cell proliferation 
and activation of apoptosis (42). This therapeutic strategy has 
been shown in several studies to stimulate up-regulation of PR 
in endometrial cancer cell lines. PRB, a kind of PR, is found in 
a hypermethylated form in 75% of endometrical cancer, and its 
expression was noted following treatment of endometrical cell 
lines with decitabine (a kind of DNMTi) in a preclinical study 
(43). This finding suggests that the use of epigenetic regula-
tory factors can also stimulate PR expression and restoration 
of long-lasting susceptibility to progestin in vivo. Furthermore, 
regarding PR hypermethylation which is one of the mechanisms 
responsible for disappearance of PR in endometrial cancer, some 
studies revealed that treatment with DNMTi alone or DNMTi + 
HDACi stimulated re-expression of PR at both the mRNA level 
and the protein level (39,44).

Many patients with endometrial cancer show no response 
or are resistant to progestin therapy, but the molecular mecha-
nism for the lack of response or development of resistance to 
progestin has not been fully elucidated. Epidermal growth factor 
receptor (EGFR) is estimated as a factor involved in these cases. 

Table I. Progestin therapy for endometrial cancer.

	 Successful response 	 Recurrence 
Author/(refs.)	 rate (%)	 rate (%)

Kim et al (26)	 4/7	   57	 2/4	   50
Randall and Kurman (25)	 9/12	   75	 1/9	   11
Kaku et al (27)	 9/12	   75	 2/9	   22
Imai et al (28)	 8/15	   53	 3/8	   38
Utsunomiya et al (14)	 11/16	   69	 ND	   ND
Ramirez et al (37)	 62/79	   76	 15/62	   24
Niwa et al (29)	 12/12	 100	 8/12	   67
Yahata et al (30)	 7/8	   88	 7/7	 100
Ushijima et al (31)	 14/22	   64	 8/14	   57
Yamazawa et al (32)	 8/9	   89	 2/8	   25
Minaguchi et al (33)	 15/19	   79	 5/15	   33
Kamoi et al (34)	 5/7	   71	 ND	   ND

ND, not done.

Table II. Progestin therapy for atypical endometrial hyperplasia.

	 Successful response 	 Recurrence 
Author/(refs.)	 rate (%)	 rate (%)

Randall and Kurman (25)	 16/17	 94%	 2/16	 13%
Kaku et al (27)	 15/18	 83%	 2/15	 13%
Jobo et al (27)	 11/12	 92%	 4/11	 36%
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EGFR was detected in histological specimens and cell lines of 
endometrial cancer and is known to be excessively expressed in 
endometrial cancer, although its role in resistance to progestin 
has not been clarified. Ai et al analyzed differences in EGFR 
function and resistance to progestin in relation to presence/
absence of PRB expression in endometrial cancer, reporting 
that EGFR was detected in 60% of PRB-positive specimens 
and 90.5% of PRB-negative specimens. Furthermore, although 
EGFR expression was higher in progestin-resistant KLE cells 
than in progestin-susceptible Ishikawa cells, PRB expression 
level was higher in Ishikawa cells than in KLE cells. When 
further EGFR expression was stimulated in Ishikawa cells, 
the susceptibility to progestin decreased, accompanied by 
reduction in PRB expression. AG1478 (a specific inhibitor for 
EGFR tyrosine kinase) effectively suppressed the proliferation 
of EGFR-overexpressed endometrial cancer cells (45). On the 
basis of these findings, we may say that excessive expression of 
EGFR in endometrial cancer cells can reduce the susceptibility 
to progestin therapy. Therefore, inhibitors specific to EGFR 
tyrosine kinase are likely to be effective against endometrial 
cancer resistant to progestin therapy.

5. Applicability of dienogest to treatment of endometrial 
cancer

The fourth-generation progestin dienogest is an effective means 
of treating endometriosis. In Japan, it has been recommended as 
a first-line drug to be selected prior to treatment with GnRHa 
or danazol. At present, its anti-tumor activity is also attracting 
close attention. Because of high progesterone activity, dienogest 
has been actively studied in regards to its effects on hormone-
dependent tumors among other aspects.

Regarding the effects of dienogest on endometrial cancer, 
Katsuki et al evaluated its effects in vivo using mice in which 
a subcutaneous tumor had been induced by two cells lines 
derived from endometrial cancer (46). The two cell lines of 
endometrial cells used in their study were HEC-88nu cell 
(expressing ER and but expressing PR) and Ishikawa cells 
(expressing both ER and PR). Mice with subcutaneous tumors 
induced by these cell lines were orally treated with dienogest 
(0.01-1.0 mg/kg/day) or MPA (100 mg/kg/day). The mice with 
tumors induced by HEC-88nu cells did not respond to MPA but 
showed suppressed tumor growth in response to dienogest. The 
tumors induced by Ishikawa cells showed suppressed growth 
in vivo in response to both dienogest and MPA, with the lowest 
dose level exhibiting a suppressive activity considerably lower 
with dienogest than with MPA. Although the susceptibility 
of endometrial cancer to MPA is known to correlate with the 
PR expression level, dienogest suppressed the proliferation of 
PR-negative HEC-88nu cells in mice.

Nakamura et al proposed inhibition of neovascularization 
as a mechanism for cell proliferation suppression by dienogest, 
reporting that vascularization in the mouse tissue implanted 
with S-180 tumor cells was markedly suppressed by 5-day 
consecutive oral treatment with dienogest (1 mg/kg/day) (47). 
Neovascularization is an important step for tumor cell growth, 
invasion and metastasis in lesions of cancer in general (including 
endometrial cancer), and its inhibition can lead to suppression 
of cancer cell proliferation. Dienogest is also estimated to 
exert efficacy against endometrial cancer through suppressing 

neovascularization. In the cascade for neovascularization, 
decomposition of extracellular matrix by proteases such as PA 
is important. Inhibition of neovascularization can be achieved by 
suppression of this reaction, and MPA capable of inhibiting PA 
formation actually suppressed neovascularization (24). However, 
according to the report by Nakamura et al, MPA suppressed the 
formation of PA in vascular endothelial cells while dienogest did 
not suppress PA formation, thus suggesting that the mechanism 
for inhibition of neovascularization by dienogest differs from 
that by MPA. Although the exact mechanism for inhibition of 
neovascularization is not known, it is evident that the dienogest 
inhibits neovascularization. This feature of dienogest seems to 
be associated with its anti-tumor activity.

 Katayama et al evaluated the effect on neovascularization 
using a rat model of endometrial implantation, demonstrating 
that oral dienogest treatment (1 mg/kg) suppressed formation 
of new small vessels, accompanied by decrease in perivascular 
α smooth myofibril actin level in implanted endometrium, 
suggesting structural changes of small vessels possibly associ-
ated with the drug's effect in suppressing neovascularization (48).

Dienogest exerts suppression of cell cycle in addition to inhi-
bition of neovascularization. Cdk and anti-oncogenes play an 
important role in regulation of cell cycle, and progestin therapy 
suppresses the cell cycle through reinforcing the expression of 
p27 (a cyclin E-Cdk2 inhibitor). Shimizu et al reported that 
dienogest suppressed the expression of cyclin D1 gene and this 
inhibited the proliferation of endometrial epithelial cell line 
(12). According to their report, the epithelial cells showed no 
change in expression of anti-oncogenes such as p27 and p53 
even after treatment with dienogest and that only the expres-
sion of cyclin D1 mRNA and cyclin E1 mRNA decreased in 
response to dienogest treatment, thus indicating that dienogest 
directly suppresses endometrial epithelial cells.

Dienogest is closely associated with PGE2. PGE2 serves as an 
important mediator in maintaining the homeostasis involved in 
cell proliferation, apoptosis, migration, infiltration, and neovas-
cularization. PGE2 synthases include COX-2 and microsomal 
PGE2 synthase-1 (mPGES-1). These enzymes are produced by 
various inflammatory stimuli and their formation is regulated by 
NF-κB. COX-1 and mPGES-1 are abundantly expressed in endo-
metrial epithelial cells and epithelial cancer tissue, suggesting 
that PGE2 serves as a major mediator involved in pathophysi-
ology and pathogenesis of gynecologic diseases accompanied by 
abnormal growth or inflammation of endometrium. Shimizu et al, 
mentioned above, evaluated the influence of dienogest on PGE2 
formation, reporting that dienogest inhibited PGE2 formation and 
this inhibitory action was lifted by PR antagonist RU-486 (49). 
In that report, dienogest was shown to inhibit the expression of 
PGE2 synthase mRNA and protein as well as NF-κB activity, 
with such activity remaining to be seen 24 h after treatment. If 
these findings are combined with the selective agonist activity of 
dienogest to PR, it seems likely that activation of PR reduces the 
expression of COX-2 and mPGES-1.

Considering the findings that dienogest suppressed the 
endometrial cancer-derived cell lines having failed to respond 
to MPA and that it suppressed neovascularization and the 
cell cycle and inhibited PGE2 formation through selective 
antagonist activity to PR, this drug is very likely to manifest 
anti-tumor activity in endometrial cancer and is promising as 
a candidate drug for clinical application.



BANNO et al:  PROGESTIN FOR ENDOMETRIAL CANCER1760

6. Effects of oral contraceptives and intrauterine contra
ceptive devices on endometrial cancer

Endometrial cancer is known as one of the gynecologic cancers 
whose risk can be reduced by intake of oral contraceptives 
(OCs). Low-dose OCs contain estrogen and progestin and are 
known to suppress ovulation and endometrial growth and to 
reduce PG formation. The effect on endometrial cancer has been 
considered as one of the potential side benefit of OCs. According 
to the case-control study carried out in 1983 by the Centers for 
Disease Control and Prevention (CDC), USA, the effect of OCs 
on endometrial cancer was most marked in nulliparous women, 
with the odds ratio being 0.4 (0.2-0.9) relative to the untreated 
group. In the United States, it has been reported that 2,000 
women annually successfully avoid development of uterine body 
cancer through intake of OCs (50). Vesey and Painter recruited 
17,032 women aged between 25 and 39 in 1968 through 1974 
and reported the results of follow-up of 15,292 women until 
age 45 (51). According to their report, the relative risk (RR) for 
endometrial cancer was 0.1 (0.0-0.7) for the OC intake group as 
compared to the untreated group, with the RR being 1.0 (0.4-2.5) 
following intake of OCs for 48 months or less and 0.3 (0.1-0.7) 
following intake of OCs for 97 months or more.

LNG-IUD, which has been approved in Japan as a contra-
ceptive agent, exerts contraceptive activity through powerfully 
suppressing endometrial growth by the direct action of proges-
terone on endometrium. At present, LNG-IUD is attracting close 
attention because of advantages other than contraceptive effi-
cacy. Those advantages include powerful reduction of menstrual 
blood volume through suppression of endometrial growth, 
accompanying relief of menstrual pain, endometrium protective 
effective and so on. Among others, it has been shown that the use 
of LNG-IUD in combination with hormone replacement therapy 
during or after menopause (even hormone replacement therapy 
using estrogen alone) can prevent endometrial cancer. Its efficacy 
in suppressing the growth of endometrium has also been shown 
in patients with non-atypical endometrial hyperplasia, with the 
responses seen in 92% of all cases within 2 years after insertion 
and adequate responses within one year after insert in 96% of 
these respondents (52).

7. Conclusion

Following the westernization of lifestyle in Japan, the preva-
lence of obesity, diabetes mellitus and hypertension has risen 
among Japanese people, accompanied by a recent trend for 
increase in the prevalence of endometrial cancer. The number 
of patients with endometrial cancer will further increase from 
now on under the influence of additional factors such as low 
birth rate, elevation at the age of first child delivery and so on. 
Under such circumstances, studies on the efficacy of dienogest 
on endometrial cancer may lead to advances in the treatment 
of endometrial cancer and are therefore valuable.

So that anti-tumor efficacy can be achieved with synthetic 
progesterone such as MPA, conventionally used for hormone 
therapy in cases of endometrial cancer, the progesterone needs 
to be administered at high-dose levels (in the order of several 
hundreds of milligrams). Furthermore, thrombosis can be 
induced as a serious adverse reaction to such therapy, thus 
requiring close monitoring of platelet count and the clotting 

system during this therapy and discontinuation of the therapy 
upon appearance of abnormalities. Even when platelet count 
and indicators of the clotting system are within the normal 
range, adverse reactions to this therapy can appear, and 
there are restrictions on this therapy such as the necessity of 
avoiding administration to patients with habit-related chronic 
diseases (atherosclerosis, hypertension, hyperlipidemia, and 
obesity) or a history of thrombosis.

PR plays an important role in endometrial cancer, and the 
response rate of endometrial cancer to progestin therapy varies 
greatly depending on PR expression level. However, PR is not 
expressed with a high level in all cases of endometrial cancer. 
There are cases where PR disappears due to hypermethylation 
or cases where PR expression is decreased by excessive EGFR 
expression. In such cases, the susceptibility of endometrial cancer 
to progestin is lower than usual, but PR expression can recover, 
and it is possible to devise a new therapeutic strategy by which 
re-expression of PR is promoted to enable progestin therapy even 
in cases of PR-negative endometrial cancer failing to respond to 
conventional progestin therapy. Such a new strategy is expected 
to allow application of progestin therapy to more cases of endo-
metrial cancer in the future.

Dienogest exerts high efficacy against PR-positive endo-
metrial cancer, as is the case with other progestin preparations. 
Dienogest has several additional advantages not possessed 
by conventional progestins. Through the effects of dienogest, 
there is a possibility that endometrial cancer showing poor or 
no responses to conventional progestin therapies responds well 
to dienogest. Considering that dienogest suppressed not only the 
proliferation of PR-positive cancer cells but also the prolifera-
tion of PR-negative but ER-positive cancer cells, it is likely that 
dienogest also stimulates suppression of cell proliferation via 
some mechanisms involving ER. Furthermore, the mechanism 
for suppression of neovascularization by dienogest has not been 
shown to involve suppression of PA in vascular endothelial cells 
but has been demonstrated to involve changes in vascular struc-
ture. It is desirable to clarify the exact mechanism for suppression 
of neovascularization by dienogest from now on.

As illustrated above, dienogest has been shown to suppress 
the proliferation of endometrial cancer-derived cell lines having 
failed to respond to MPA in vitro, to suppress cell prolifera-
tion even at much lower concentration levels as compared to 
MPA, to suppress neovascularization and to inhibit the cell 
cycle (through suppression of cyclin D1 and E1 expression), 
PGE2 synthases (found abundantly in cancer tissue) and so 
on. These findings suggest dienogest to be promising as a 
new drug for treatment of endometrial cancer. When dealing 
with endometrial cancer, the efficacy of the current progestin 
therapy is lower than that of surgery, and the recurrence rate 
is higher with progestin therapy. Furthermore, women whose 
endometrial cancer has disappeared in response to progestin 
therapy cannot always become pregnant. With this in mind, 
dienogest is expected to provide a safer and more effective 
means of treatment requiring lower dose levels, as compared 
to conventional progesterone, in patients with endometrial 
cancer failing to respond to MPA or not indicated for existing 
progestin therapy because of adverse reactions (e.g., patients 
with thrombotic tendency or having a history of habit-related 
chronic disease). Further clinical studies on this drug are  
desirable in the future.
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