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Effects of letrozole in combination with low-dose intramuscular
injection of human menopausal gonadotropin on ovulation
and pregnancy of 156 patients with polycystic ovary syndrome
Zhihua Chen', Mengzhen Zhang?, Yuhuan Qiac?, Junjuan Yang*

ABSTRACT

Objective: To explore the effects of letrozole (LE) in combination with low-dose intramuscular injection
of human menopausal gonadotropin (HMG) on the ovulation induction and pregnancy of patients with
polycystic ovary syndrome (PCOS).

Methods: Atotal of 156 patients with PCOS infertility were randomly divided into an LE group, a clomiphene
citrate (CC) group and an LE + HMG group (n= 52). LE and CC were orally taken according to the prescribed
dosage on the 3rd-5th days of menstruation respectively, and 75 IlU HMG was given through intramuscular
injection. The ovulation induction parameters and pregnancy outcomes were observed.

Results: The number of ovulation cycle of LE + HMG group was significantly higher than that of LE group
(x2=8.451, P<0.001). After injection of human chorionic gonadotropin, both endometrial thickness and
number of mature follicles of LE + HMG group were significantly higher than those of other two groups
(P<0.001), and the daily estradiol (E2) level was also higher (q=4.531, P<0.05). The pregnancy rate of LE
+ HMG group was 55.7%, which exceeded those of other two groups (compared to LE group, x?=4.012,
P<0.05). In LE + HMG group, the average medication cycle of clinically pregnant patients was (2.9 + 0.3)
weeks, which was significantly shorter than those of CC and LE groups (F=17.241, P<0.001).

Conclusion: The regimen using LE in combination with low-dose intramuscular injection of HMG has
satisfactory therapeutic effects on ovulation induction, short medication cycle and high clinical pregnancy
rate, which is promising for treating patients with PCOS infertility.
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Polycystic ovary syndrome (PCOS), as one of the
most common endocrine disorders for women of
childbearing age, has the incidence rates of 5%-10%,
accounting for 30%-60% of anovulatory infertility.!
However, it remains difficult to design a proper
regimen for the ovulation induction of PCOS pa-
tients. Clomiphene citrate (CC) is the first ovulation
induction drug widely used in clinical practice, but
it has a certain impact on the endometrium and cer-
vical mucus. Besides, the pregnancy rate is relative-
ly low despite high ovulation rate.? In recent years,
letrozole (LE), a drug originally used to treat breast
cancer, is a third-generation aromatase inhibitor. LE



can inhibit aromatase activity in vivo and reduce the
conversion from androgen to estrogen, thereby par-
tially releasing the negative feedback of estrogen
to the hypothalamus and pituitary, and promoting
the release of gonadotropin. As a result, follicular
growth and ovulation are induced, and the conver-
sion from androgen to estrogen is prevented.?

Human menopausal gonadotropin (HMG), which
contains follicle stimulating hormone (FSH) and lu-
teinizing hormone (LH), can secrete gonadotropin
to promote follicle maturation, so as to stimulate
ovulation and to accelerate the development of cor-
pus luteum. Nevertheless, HMG can lead to mul-
tiple follicle development or cause multiple preg-
nancy and ovarian hyperstimulation syndrome
(OHSS), so it is often used in combination with CC
or LE in case of ineffective ovulation induction.*?
Alternatively, high-dose HMG is used for ovarian
hyperstimulation in combination with CC.°

In this study, 156 patients with PCOS infertility
who were admitted in our hospital were selected and
given different drug therapies, aiming to explore the
effects of combined LE and HMG on the ovulation
induction and pregnancy rate of PCOS patients.

METHODS

General information: All patients were admitted
in our hospital between January 2013 and January
2015, who were not pregnant without contraception
for over one year. The patients were aged between
23 and 38 years old, with a mean age of (26.9 +5.1).
The durations of infertility were 1-12 years, (3.2 +
1.0) years on average. All the cases were PCOS in-
fertility patients in line with the PCOS diagnostic
criteria of the 2003 Rotterdam Conference,” i.e. at
least two of the following three were met: 1) ovula-
tion abnormality (sporadic ovulation or no ovula-
tion) occurred after continuous monitoring for two
or more natural cycles; 2) the results of B ultrasound
showed polycystic ovary; 3) patients had hyperan-
drogenism or showed clinical manifestations of
androgen excess, and those with androgen excess
caused by other diseases such as adrenal hyperpla-
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sia, Cushing’s syndrome and androgen-secreting
tumors were excluded. This study has been ap-
proved by the ethics committee of our hospital, and
written consent has been obtained from all patients.

Through salpingography or hydrotubation under
transvaginal B ultrasound and other examinations,
all cases were confirmed to have tubal patency on at
least one side. The semen of male was normal.
Exclusion criteria: 1) Infertility patients caused by
non-PCOS ovulatory disorder or other factors; 2)
patients with history of ovarian surgery or com-
plication with endometriosis or pelvic adhesion; 3)
patients complicated with liver, kidney or thyroid
dysfunction; 4) patients who did not receive treat-
ment after enrollment according to the established
regimen or gave up in the midst of treatment.

The hormone (e.g. FSH, LH, estradiol (E2), tes-
tosterone (T), insulin and prolactin) levels in the
venous blood of all patients were detected on the
2nd-4th days of menstruation. The patients with
normal hormone levels were directly enrolled, and
those with abnormalities were enrolled after neu-
roendocrine treatment. The patients were randomly
divided into an LE group, a CC group and an LE +
HMG group (n=52). They had similar age, duration
of infertility, body mass index (BMI) and reproduc-
tive hormone levels (P>0.05) (Table-I).

Treatment methods:

LE group: The patients orally took 2.5-5.0 mg/d* LE
(trade name: Fu Rui, Jiangsu Hengrui Medicine Co.,
Ltd.) on the 3rd-5th days of menstrual cycle for five
consecutive days.

CC group: The patients were orally administered
with 50-100 mg/d* CC (trade name: Fertilan, Codal
Synto Pharmaceutical Co., Ltd.) on the 3rd-5th days
of menstrual cycle for five consecutive days.

LE + HMG group: The patients orally took 2.5-5.0
mg/d?! LE on the 3rd-5th days of menstrual cycle
for five consecutive days. Starting from the day of
oral administration of CC, 75 IU HMG (trade name:
Lebaode, Livzon Group Livzon Pharmaceutical
Co., Ltd.) was intramuscularly injected every other
day for five consecutive days.

Table-1: General information (X+s)

Group n Age (year)  Infertility =~ BMI Reproductive hormone level
duration (year)
FSH/IU'L' LH/AUL! E2/pgmLt  T/mmol L*

LE group 52 264+4.2  3.4#11 224+45 7.1£1.5 5.7+1.1 57.7£13.5 1.41+0.5
CC group 52 27147  3.220.7 23.4+15 6.9%1.2 5.5£0.9 54.5£12.7 1.45+0.3
LE + HMG group 52 27.7#52  3.3£1.3 22,6826  6.8%1.1 5.9+1.2 61.5+15.8 1.42+0.2

F - 0.703 0.311 0.515 0.211 0.163 1.635 1.785

P - >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
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The three groups were expected to receive the
treatment of ovulation induction for 4 to 6 cycles,
and patients with poor outcomes were treated by
assisted reproductive technologies.

Treatment monitoring: Starting from the 10th day
of menstruation, the growth conditions of follicles
and endometrium in the patients were monitored
once every other day by transvaginal B ultrasound,
and then daily when the average diameter of the
follicles was 216mm. When the average diameter
of follicles was 218mm, the endometrial thickness,
number of mature follicles and diameter of the larg-
est follicle were recorded, and 5,000-10,000 U of hu-
man chorionic gonadotropin (HCG) (trade name:
Fengyuan; Maanshan Fengyuan Pharmaceutical
Co., Ltd.) was injected to induce ovulation. On the
same day, the venous blood of patients was drawn
to examine the LH, E2 and T levels, who were then
guided to have sexual intercourse within 24 hour.
B ultrasound examination was performed again 48
hour after HCG injection to observe follicle rupture
and single follicle ovulation. If fetal heart beat was
visible under transvaginal ultrasound on the 30th
day after ovulation, the patients were diagnosed as
clinical pregnancy.

Observation indices: The numbers of completed cy-
cle, ovulated cycle and single follicle-ovulated cycle
in the three groups were recorded during ovulation
induction, and the endometrium, follicle as well
as reproductive hormone levels were observed on
HCG injection day. In addition, whether OHSS oc-
curred was recorded. After treatment, the clinical
pregnancy (including normal pregnancy and abor-
tion), multiple pregnancy and average medication
cycle of clinically pregnant patients of the three
groups were compared.

Statistical analysis: All data were analyzed by
SPS517.0. The categorical data were expressed as
mean * standard deviation (¥%s). Three groups
were compared by analysis of variance, and inter-

group comparisons were performed by the SNK
method. The numerical data were subjected to x>
test for RxC table. When the theoretical frequency
of at least one cell was lower than the expected
value, the Fisher’s exact test was used. <0.05 was
considered statistically significant.

RESULTS

Success rates and follicle conditions of different reg-
imens: The LE group had the most completed cycle,
52.4 of which had ovulation. The LE + HMG group
completed the fewest cycles, with 65.3% of them
ovulating. There were statistically significant differ-
ences (P<0.05). On HCG injection day, both the en-
dometrial thickness and number of mature follicles
of the LE + HMG group were significantly higher
than those of the other two groups (P<0.001), but the
follicle diameters were similar (P>0.05). All the three
groups suffered from OHSS, but the incidences rates
were similar (P>0.05). Of the 9 cases in the three
groups, 7 were mild cases, manifested as abdominal
bloating but without ascites, nausea or vomiting.
Therefore, no special measures were taken. Five of
the seven mild cases were completely relieved from
OHSS in the 2nd-4th cycles, and the other two in the
5th cycle. One case of the LE + HMG group under-
went severe OHSS, mainly manifested as hypoalbu-
minemia and electrolyte imbalance in the 3rd cycle.
She was thereafter symptomatically treated until all
the symptoms were eliminated (Table-1I).

Effects of different regimens on hormone levels on
HCG injection day: On HCG injection day, T level
hardly changed, LH and E2 levels significantly in-
creased, and there were no significant intergroup
differences between LH levels. The LE + HMG
group had significantly higher E2 level than those
of LE and CC groups (P<0.05) (Table-III).

Effects of different regimens on pregnancy: The
pregnancy rate of the LE + HMG group was 55.7%,
which was significantly higher than that of the CC

Table-1II: Effects of different regimes on ovulation induction.

Group n  Completed Owvulated Single follicle Monitoring on HCG injection day
cycle cycle, % ovulation cycle
Endometrial ~ No. of mature Maximum follicle ~ OHSS
thickness (mm) follicles diameter (mm)  (case), %

LE group 52 215 113 (52.4) 54 9.1x0.2 1.3+0.3 19.3+1.1 2(3.8)
CC group 52 200 122 (61.0) 70 8.5+0.5 1.7+0.5 19.0£0.7 3(5.7)
LE+HMG group 52 179 117 (65.3)" 77° 11.7+1.2° 22+0.2 18.9+1.3 4(7.7)
x*/F - - 21.123 - 54.715 23.012 2.656 1.925
P - - <0.001 - <0.001 <0.001 >0.05 >0.05

a: Comparisons between LE and CC groups, x*=8.682, P<0.001;

b: comparisons between the three groups, q=11.235, P<0.001.
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Table-III: Effects of different regimens on hormone levels on HCG injection day (X+s)

Group n LH/IU ‘L1 E2/pg mL* T/mmol "L
LE group 52 31.749.01 319.3+104.2 1.31+0.3
CC group 52 30.1+4.56 327.7+89.2 1.32+0.2
LE + HMG group 52 31.2+10.11 605.2 £ 112.12 1.27+0.7

F - 2.779 222.332 1.012

P - >0.05 <0.001 >0.05

a: Comparisons between the three groups, q=4.235, P<0.05.

Table-IV: Effects of different regimens on pregnancy.

Group n Clinical pregnancy Abortion Multiple pregnancy Average treatment
(case), % (case) (case) cycle

LE group 52 16 (30.8%) 2 2 41+0.5

CC group 52 17 (32.1%) 3 3 3.940.2

LE + HMG group 52 29 (55.7%)* 2 5 29+0.3°

x*/F - - - - 17.241

P - - - - <0.001

a: Comparisons between LE + HMG and LE groups, x*=3.911, P<0.05;
b: comparisons between the three groups, q=23.731, P<0.001.

group (P<0.05). There were no statistically signifi-
cant differences in the abortion rate and multiple
pregnancy rate among the three groups (P>0.05).
The average medication cycle of the LE + HMG
group was significantly shorter than those of the
other two groups (P<0.05) (Table-1V).

DISCUSSION

PCOS is a common reproductive endocrine dis-
ease among women, characterized by follicle de-
velopmental disorders, androgen excess and insu-
lin resistance.® For ovulation disorders caused by
PCOS, CC and LE are used currently for ovulation
induction. At present, CC remains the first-line
drug for ovulation induction, with ovulation rates
of 75% to 80%,° but recent studies have shown that a
considerable proportion of patients did not get de-
sirable pregnancy outcomes after CC treatment.’*!
In the normal ovulation process, estrogen and pro-
gesterone play obvious regulatory roles, and CC
has anti-estrogenic effects, but its exact mechanism
has not been fully clarified yet."? It has previously
been reported that''* the chemical structure of CC
is similar to that of estrogen, so it is capable of bind-
ing estrogen receptor (ER) and then competitively
occupying the hypothalamic ER to inhibit the nega-
tive feedback of endogenous estrogen to the hypo-
thalamus. In this study, the pregnancy rate of PCOS
patients after treatment was 32.1%.

As the gene product of CYP19, aromatase can act
on androstenedione generated from the adrenal
cortex of adipose tissues to form estrone and testos-

terone in ovarian tissues to produce androstenedi-
one, and then transform a part of androstenedione
into estrone.>!® Theoretically, LE may be superior
to CC because it has no peripheral anti-estrogen ef-
fect. Al-Omari et al. found that' the ovulation rate
after using 2.5 mg LE reached 84.4% and the cycle
pregnancy rate was 19%. Sun et al. reported that LE
with a dose of 5.0 mg/d x 5 d had better follicle
development and higher pregnancy rate than those
of 2.5 mg/d x 5d LE, but increasing the dose to 7.5
mg/d did not effectively improve the treatment
outcomes.’®

The small impact of LE on the estrogen/proges-
terone ratio is conducive to maturation of the en-
dometrium and receptivity increase.' In this study,
in the cycle with ovulation induction, the LE group
had slightly fewer ovulation cycles and mature fol-
licles than those of the CC group. The E2 hormone
level of the CC group was slightly higher and the en-
dometrium was thinner than those of the LE group.
The OHSS incidence rate was also slightly higher
than that of the LE group, but the clinical pregnancy
rates of the two groups were similar. Moreover, the
two groups had comparable completed cycles and
cycles from treatment to clinical pregnancy.

Two regimens using HMG are used currently for
ovulation induction: low-dose escalation and high-
dose descending. The low-dose escalation regimen
is most commonly used at present, which canreduce
the incidence rates of OHSS and multiple follicles
by timely adjusting the HMG dosage according to
B ultrasound results.” It is well-documented that**
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single-use or high-dose HMG may lead to multi-
ple pregnancy and OHSS, so it is recommended to
minimize the dosage of HMG. We herein assessed
the effects of LE in combination of small-dose injec-
tion of HMG on the ovulation induction of PCOS
patients, and found the combination regimen had
obvious advantages.

In summary, the regimen using LE in combina-
tion with low-dose injection of HMG every other
day had a satisfactory effect on ovulation, short
medication cycle and high clinical pregnancy rate,
which provides a promising option for the treat-
ment of patients with PCOS infertility. The regimen
has many advantages, but ultrasound and related
laboratory examinations are needed to monitor var-
ious indices during the treatment, thus increasing
the cost of treatment. Furthermore, some patients
have poor compliance in clinical practice. A large-
sample-size and multi-center research is required
to confirm the application value of the regimen in
patients with ovulatory disorder infertility.
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Source of funding: None.

REFERENCES

1. Franks S. Polycystic ovary syndrome. N Engl ] Med.
1995;333(13):853-861.

2. Brown ], Farquhar C, Beck ], Boothroyd C, Hughes E.
Clomiphene and anti-oestrogens for ovulation induction in
PCOS. Cochrane Database Syst Rev. 2009;(4):CD002249.

3. Casper RF, Mitwally MF. Use of the aromatase inhibitor
letrozole for ovulation induction in women with polycystic
ovarian syndrome. Clin Obstet Gynecol. 2011;54(4):685-695.
doi: 10.1097/GRF.0b013e3182353d0f.

4. XiW, LiuS, Mao H, Yang Y, Xue X, Lu X. Use of letrozole
and clomiphene citrate combined with gonadotropins in
clomiphene-resistant infertile women with polycystic ovary
syndrome: a prospective study. Drug Des Devel Ther.
2015;9:6001-6008. doi: 10.2147/DDDT.S83259.

5. Yun BH, Chon SJ, Park JH, Seo SK, Cho S, Choi YS, et
al. Minimal stimulation using gonadotropin combined
with clomiphene citrate or letrozole for intrauterine
insemination. Yonsei Med J. 2015;56(2):490-496. doi:
10.3349/ym;.2015.56.2.490.

6. Revelli A, Chiado A, Dalmasso P, Stabile V, Evangelista
F, Basso G, et al. “Mild” vs. “long” protocol for controlled
ovarian hyperstimulation in patients with expected poor
ovarian responsiveness undergoing in vitro fertilization
(IVF): a large prospective randomized trial. ] Assist Reprod
Genet. 2014;31(7):809-815. doi: 10.1007/s10815-014-0227-y.

7. Abdelazim IA, Makhlouf HH. Sequential clomiphene
citrate/hMG versus hMG for ovulation induction in
clomiphene citrate-resistant women. Arch Gynecol Obstet.
2013;287(3):591-597. doi: 10.1007 /s00404-012-2597-7.

8. Denny L, Bhatla N. Preface for Best Practice and Research
Clinical Obstetrics and Gynaecology - issue 29.6. Best Pract
Res Clin Obstet Gynaecol. 2015;29(6):765-766. doi: 10.1016/j.
bpobgyn.2015.06.003.

1438 Pak JMed Sci 2016 Vol. 32 No.6  www.pjms.com.pk

9. Budinetz TH, Benadiva CA, Griffin DW, Engmann
LL, Nulsen ]JC, DiLuigi AJ. Ovulation rate and cycle
characteristics in a subsequent clomiphene citrate cycle
after stair-step protocol. Fertil Steril. 2015;103(3):675-679.
doi: 10.1016/j.fertnstert.2014.12.088.

10. Ellakwa HE, Sanad ZF, Hamza HA, Emara MA, Elsayed
MA. Predictors of patient responses to ovulation induction
with clomiphene citrate in patients with polycystic ovary
syndrome experiencing infertility. Int ] Gynaecol Obstet.
2016;133(1):59-63. doi: 10.1016/}.ijg0.2015.09.008.

11. Zahiri Sorouri Z, Sharami SH, Tahersima Z, Salamat F.
Comparison between unilateral and bilateral ovarian
drilling in clomiphene citrate resistance polycystic ovary
syndrome patients: A randomized clinical trial of efficacy.
Int J Fertil Steril. 2015;9(1):9-16.

12. Yin Q, Fischer L, Noethling C, Schaefer WR. In vitro-
assessment of putative antiprogestin activities of
phytochemicals and synthetic UV absorbers in human
endometrial ~ Ishikawa cells. Gynecol Endocrinol.
2015;31(7):578-581. doi: 10.3109/09513590.2015.1047448.

13. Al-Inany H, Azab H, El-Khayat W, Nada A, El-Khattan E,
Abou-Setta AM. The effectiveness of clomiphene citrate
in LH surge suppression in women undergoing IUL a
randomized controlled trial. Fertil Steril. 2010,94(6):2167-
2171. doi: 10.1016/j.fertnstert.2010.01.069.

14. Amita M, Takahashi T, Igarashi H, Nagase S. Clomiphene
citrate down-regulates estrogen receptor-a through the
ubiquitin-proteasome pathway in a human endometrial
cancer cell line. Mol Cell Endocrinol. 2016;428:142-147. doi:
10.1016/j.mce.2016.03.029.

15. Bacci M, Giannoni E, Fearns A, Ribas R, Gao Q, Taddei
ML, et al. miR-155 drives metabolic reprogramming of ER+
breast cancer cells following long-term estrogen deprivation
and predicts clinical response to aromatase inhibitors.
Cancer Res. 2016;76(6):1615-1626. doi: 10.1158/0008-5472.
CAN-15-2038.

16. Ghosh D, Lo, Egbuta C. Recent Progress in the Discovery of
Next Generation Inhibitors of Aromatase from the Structure-
Function Perspective. ] Med Chem. 2016;59(11):5131-5148.
doi: 10.1021/ acs.jmedchem.5b01281.

17. Al-Omari WR, Sulaiman WR, Al-Hadithi N. Comparison
of two aromatase inhibitors in women with clomiphene-
resistant polycystic ovary syndrome. Int ] Gynaecol Obstet.
2004;85(3):289-291.

18. Sun XL, Zhang YQ, Jiang GH. Therapeutic effects of different
doses of letrozole on ovulation induction of patients with
polycystic ovarian syndrome. ] Nantong Uni (Med Sci).
2011;31(6):494-495.

19. Palihawadana TS, Wijesinghe PS, Seneviratne HR. Factors
associated with nonresponse to ovulation induction using
letrozole among women with World Health Organization
group II anovulation. ] Hum Reprod Sci. 2015;8(2):75-79.
doi: 10.4103/0974-1208.158598.

20. Current world literature. Curr Opin Obstet Gynecol.
2010;22(6):530-536. doi: 10.1097/GCO.0b013e328340e116.

Authors’ Contributions:

ZC designed this study and prepared this paper.
MZ, YQ & JY performed this study.



	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK6
	OLE_LINK7
	OLE_LINK1
	OLE_LINK2
	OLE_LINK3
	_GoBack
	_GoBack
	d5484e198
	d5484e202
	d5484e206
	d5484e210
	_GoBack
	_Ref461027794
	_Ref461027817
	_Ref461027833
	_Ref461027859
	_Ref461027881
	_Ref461028193
	_Ref461027933
	_Ref461027955
	_Ref461027987
	_Ref461028064
	_Ref461028106
	_Ref461028130
	_Ref461028151
	_Ref461028176
	_Ref461028221
	_Ref461028250
	_Ref461028285
	_Ref461028305
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK18
	_GoBack
	_GoBack
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_GoBack
	_GoBack

