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INCE ENDOMETRIUM

Endometrial kalinhiginin embriyo implantasyonu i¢in esik
kalinliga ulasamadigi hallerde INCE ENDOMETRIUM

3.7 mm altinda canli gebelik gosterilememis

Genelde 7mm>, tercihan 9 mm uzerinde endometrial
kalinliklarda gebelik oranlari artmakta

< 9 mm endometrial kalinlikta klinik gebelik oranlari % 53
lken > 16 mm endometrial kalinlikta klinik gebelik
oranlari % 77 olmakta

Yas, embriyo kalitesi ve endometrial kalinlik klinik
gebelik ve canli dogum oranlarini on gormede en etkili

degiskenler Richter KS, Fertil Steril 2007
El-Toukhy T, Fertil Steril 2008
Check JH, Clin Exp Obstet Gynecol 2011



Ultrasound measurement of endometrial thickness

Three-layered normal endometrium Thin endometrium




Pathophysiologic features of “thin” endometrium
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Resistance index (Rl) of the uterine artery (UA) and radial artery (RA).

Normal thickness Thin endometrium o
endometrium (n = 57) (n = 17) value
Age 31 (23-44) 34 (26-38) <05
UA-RI 0.888 (0.761-1,000) 0.823 (0.886-1.000) < 05
RA-RI 0751 0.549-0.840) 0.852 (0.826-0.955) < 05
Serum E: (pa/mL) 135.3 (48.7-293.2) 70.8 (B4.6-244.9) NS
Serum P (ng/ml} 16.0{3.6-33.0) 13.0 (10,4-28.7) N.S

Naoge: UA-RI and BA-Bl ware measured for the patiants with normal-thickness andomeatfum (sndomstria thickness > 8
mny and thin endometsum (endometnal Mnckmness <8 mm) In the midiuteal phase (days 6-8 alter ovulaton), Vakies
e medan (ange). Daty were analyZed by Mann-Whitney U test NS = not significant.
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« Glanduler epitel alani orani ince
endometriumlu hastalarda dusuk olarak

Izlenmistir
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Vasocular sndothallal growth foctor (VEGF) expression in the endomeatrnum. (A) immmunohistochomical staining for
VEGF (&fT oanal) and a negative control (nghHt oanad) in the midsecretory phase. Bar — 40 am. (B, &ft panas))
Aespresentative immuroblots of VEGF protein expression in the midsecrstory phasein the normal-thickess {in -
5) and thin (¢ = 3) endomeatrium groups. The tissue samples that showed out-of-phase by endomstrial dating
ware not included in the analysis of VEGF expeession. (B, rnght panel) OQuantification of mmunobiot signails {ratio
of VEGF o gd-tubuling, mean = SEM. “F< 05 vs. nomal-thiclknhess eandomeTium (Mann-Whitney U/ test).
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 Ince endometriumlu hastalarda VEGF

ekspresyonu da anlamli oranda
azalmaktadir




Ince Endometrium Pathofizyolojisi

* Sonug olarak ince endometrium;

» Azalmis glanduler epitel gelisimi
» Artmis uterin kan akimi rezistansi
» Azalmis VEGF ekspresyonu

» Azalmis vaskuler gelisim ile karakterizedir
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M-H. Random, 85% Ci

A EMT =« 7own EMT>Tmm Onddds Ratio

Study or Subgroup  Events Total Events Total M-H. Random, 85% CI
Decnaud 2008 o 2 8y 1o 0.38 [0.02.8.37)
Kuc 2011 o 8 B4 575 007 000 1.21] *
Richer 2007 3 6 781 1288 O 72014 358]
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INCE ENDOMETRIUM
TEDAVI

Table 1. Treatment of thin endometrium.

Hysteroscopic adhesiolysis

Hormonal manipulation
Estrogen: PO, transdermal, IM and vaginal.
Modified long GnRH-agonist protocol with exogenous estrogen
therapy.
Midluteal GnRH-agonist.

Improving endometrial perfusion
Low dose aspirin
Pentoxifylline and vitamin E.
Sildenafil.

New modalities
Granulocyte colony-stimulating factor (G-CSF)
Regenerative medicine: endometrial SP cells, bone marrow
mesenchymal stem cells




Histeroskopik Adezyolizis

* Myer ve Hurst (2012) tranvajinal ultrasonografi, HSG
veya salin sono-histerografi ince endometrium izledikleri
hastalari preoperatif 2-8 hafta oral estrojen tedavisi
vermisler

» Histereskopik adezyolizis sonrasi intra- uterin balon
kateter (1 hafta) ve oral estrojen 4-6 hafta devam
etmisler. Balon kateteri ¢ikardiktan sonra IUD
uygulamiglar.

* |UD 4-6 hafta sonra c¢ikariimis ve hastalar HSG, salin
sono-histerografi ve histeroskopik tekrar
degerlendirilmigler.



Hormonal tedavi- estrojen

Oral,transdermal,intra musculer veya vaginal yol

Transdermal yol ile daha sabit serum duzeyleri
elde ediliyor

Vajinal yol ile daha yuksek serum ve endometrial
duzeyleri saglaniyor

Tourgeman ve arkadaslari donor sikluslarinda
progesteron tedavisinden 4-6 hafta once oral
estradiol tedavisiyle 7mm uzerinde endometrial
Kalinhik elde etmigler ve devam eden gebelik
oranlarint % 70 lere cikarmislar




Hormonal tedavi- estrojen

» Coughlan ve arkadaslari GnRHa long
luteal sikluslarda adetin 2. gunu estradiol
tedavisine baslamislar ve 5 mm uzerine
cikan endometrial kalinlik durumlarinda bu
tedaviyi Hcg gunune kadar devam etmisler
ve basarili gebelik sonuclari bildirmigler



Hormonal tedavi -GnRH - agonisti

* Qublah ve ark yaptdg| prospektif kontrolli
randomize calismada ince endometriumlu IVF
hastalarinda (7/mm) OPU gunu, ET ve 3 gun
sonras! 0,1 mg Triptorelin uygulamislar

Plasebo grubu ile karsilastirildiginda anlamili
olarak yuksek endometrial kalinlik,implantasyon
ve gebelik oranlari elde edilmistir.

GnRHa direk endometriuma ve corpus luteuma
etkisi (growth factors, cytokines, angiogenetic
and adhesion molecules)

Qublah H, Amarin Z, Al-Quda M, et al. Luteal phase support with GnRH-a improves implantation and
pregnancy rates in IVF cycles with endometrium of 7mm on day of e 8 retrieval. Hum Fertil
? amb) 2008;11:43-7.



Endometrial Perfuzyonu arttirici
tedaviler

» Ince endometrium patofizyolojisinde kan
akimi rolu mevcuttur

* Bu nedenle vaso-aktif ajanlar endometrial
perfuzyonu arttirarak endometrial kalinligi
arttirabilir, implantasyonda olumlu etki
olusturabilirler



Endometrial Perfuzyonu arttirici
tedaviler- dusuk doz aspirin

« Weckstein ve ark 28 ince endometriumlu (8mm
alt) IVF hastasinda yaptigi randomize kontrollG
calismada dusuk doz aspirin implantasyon ve
Klinik gebelik oranini anlamli olarak arttirmaktadir

Weckstein LN, Jacobson A, Galen D, et al. Low-dose aspirin for oocyte donation recipients with a thin endometrium:
prospective,randomized study. Fertil Steril 1997;68:927-30.

Ancak yapilan diger calismalarda ve Cochrane
review’ da anlamli bir etki gosterilememistir

Glujovsky D, Pesce R, Fiszbajn G, et al. Endometrial preparation for women undergoing embryo transfer with
frozen embryos or embryos derived from donor oocytes. Cochrane Database Syst Rev 2010;1:

CD006359.



Endometrial Perfuzyonu arttirici
tedaviler- Pentoksifilin ve Vitamin E

Pentoksifilin- metilksantin derivesi..... vazodilatator
Vitamin E...... antioksidan

* Acharya ve ark yaptl?l c;vah%mada konvansiyonel _
tedavinin basarisiz oldugu hastalarda kombine tedavi
ile %40 hastada endometrial kalinlikta gelisme
saglamistir

Acharya S, Yasmin E, Balen AH. The use of a combination of pentoxifylline and tocopherol in women with a

thin endometrium undergoing assisted conception therapies:a report of 20 cases.Human Fertilit
2009;12:198-203.

» 18 IVF hastasinda vaginal basarisiz E2 uygulamasini
takiben kombine tedavinin verildigi hastalarin %72
sinde endometrial kalinlikta ve gebelik oranlarinda
artis izlenmistir

Ledee-Bataille N, Olivennes F, Lefaix JL, et al. Combined treatment by pentoxifylline and tocopherol fo}

recipient women with a thin endometrium enrolled in an oocyte donation programme. Hum Reprod
2002;17:1249-53



Endometrial Perfuzyonu arttirici
tedaviler- Sildenafil

« Sildenafil, fosfodiesteraz-5 inhibitoru, nitrik
oksitin vasodilator etkisini arttirir

* Sher ve Fisch vajinal sildenafil
uygulamasinin ince endometriumiu IVF
hastalarinda kan akimini, gebelik
oranlarini, implantasyonu arttirdigini
gostermiglerdir

Sher G, Fisch JD. Effect of vaginal sildenafil on the outcome of in vitro fertilization (IVF) after multiple
IVF failures attributed to poor endometrial development. Fertil Steril 2002;78:1073—6.



Endometrial Perfuzyonu arttirici
tedaviler- Sildenafil

« Takasaki ve ark 61 ince endometriumlu hastada
yaptigl calismada hastalara sirasiyla vitamin E,
L-arjinin, sildenafil sitrat tedavileri verilmistir

« Endometrial kalinliktaki artis sildenafil grubunda
en yuksek olarak izlenmistir(%52,%67,%92)

« RA-RI; ((%72,%89,%92) bulunmus

» Vitamin E grubunda; endometrial glandlarda

buyume, damar artisi ve VEGF ekspresyonunda
artis izlenmis

Takasaki A, Tamura H, Miwa |, et al. Endometrial growth and uterine blood flow: a pilot study for improving
endometrial thickness in the patients with a thin endometrium. Fertil Steril 2010;93:1851-8.



Rejeneratif tedaviler

 Jing ve ark; ethanol uygulamasi ile ince
endometrium olusturduklari ratlara iv kemik
iIligi mezenkimal kok hucre enjeksiyonu
uygulamislardir

 Randomize kor degerlendirme sonrasi kok
nucre enjeksiyonu yapilan grupta endometrial
Kalinlikta anlamli artis izlenmistir

Jing Z,Qiong Z, Yonggang W, Yanping L. Rat bone marrow mesenchymal stem cells improve regeneration of thin
endometrium in rat. Fertil Steril 2014;101:587-94.



Rejeneratif tedaviler

* Nagori ve ark; ashermani olan bir vakada
uyguladiklari kok hucrenin intrauterin
kaviteye uygulanmasi endometriumun 8
mm olmasi ve gebelik olusmasini
saglamistir

Nagori CB, Panchal SY, Patel H. Endometrial regeneration using autologous adult stem cells followed by conception by

in vitro fertilization in a patient of severe Asherman’s syndrome. J Hum Reprod Sci 2011;4:43-8 «



INCE ENDOMETRIUM

TEDAVI
YENi YAKLASIMLAR

Mid-luteal endometrial interlokin-11, LIF seviyeleri gibi cesitli

buyume faktorleri ve pro-inflamatuar sitokinlerin ekspresyonunu,
modulasyonunu ve sekresyonunu arttirma

U

GRANULOSIT KOLONI STIMULE EDICI FAKTOR (G-CSF)




G-CSF

» Glycoprotein, growth factor ve cytokine
 Endometrium, macrophages ve diger immunocytes
* Terapotik kullanim alanlari:
— Akyuvarlarin Gretimini stimile eder - neutropenia tedavisi

(Kemoterapi veya KiT durumlarinda)

— Donorden toplanmadan once hematopoietic kok hucrelerinin
sayisini artinr > hematopoietic stem cell
transplantasyonu

— CNS: Norogenesisi ve anti-apoptosisi indukler ---->
norojeneratif hastaliklar

— Endometrial receptivity artirir ?

* Filgrastim®: recombinant human G-CSF (synthesised in E. coli
expression system )




G-CSF

*Embriyo implantasyonunu artirmakta

=Insan desidual makrofajlari etkilemekte

=Qvulasyonu ve over fonksiyonunu etkilemekte

» Granulosa hucrelerini etkilemekte

=Kotu over yanitl hastalarda gonadotropinlere olan cevabi artirmakta
»Aciklanamayan rekurren gebelik kayiplarini azaltmakta
*Oto-immuniteyi suprese etmekte

*|\VF sikluslarinda follikuler sivida oosit/embriyonun implantasyon
gucunu belirlemek icin bir biomarker olarak kullanilabilmekte

*Yeni dogan ratlarda folliktl gelisimi stimule etmekte

*Endometrial co-culture (> 130pg/ml G-CSF) ,IVF gebelik oranlari
artmakta

*Embriyonik kromozomal geligsimi etkilememekte



G-CSF

 G-CSF, cAMP- araciligi ile insan endometrial stromal
hucrelerinde otokrin ve parakrin etkiyle desidualizasyonu
artirmakta

« GM-CSF iceren embryo growth mediumu insan
embriyo gelisimi blastosist evresine kadar
desteklemektedir

— GM-CSF igeren Embryo growth medium 2011’den itibaren ticari
olarak Avrupa ulkelerinde mevcuttur (Embriyogen)

— 2012'nin sonlarindan itibaren de ABD’de kullaniimaktadir
(implantasyon oranlarinda %44’ lere varan artis )



Endometriumda hizh proliferasyon

nasil olmakta?
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Use of Granulocyte Colony-Stimulating Factor for the
Treatment of Thin Endometrium in Experimental Rats

Jing Zhao®, Tian Tian®, Qiong Zhang, Yonggang Wang, Yanping Li*

Reproductive Medicine Center, Xiangya Hospital, Central South University, Changsha, Hunan, China

Table 1. Comparison of the endometrial thickness betwee
groups (x=s).

groups Uteri (n) Endometrial thickness(um)
experimental group | 20 569.37+37.017"

control group | 20 234.96+37.82"

experimental group || 20 487.78+19.48%

control group |l 20 231.21+17.81%

Note: ‘P*P“P<0.01, ~'P>0.05. There is significant difference between the
groups when P<0.05,
doi:10.1371/journal.pone,0082375.t001

Figure 1. The morphology observation of the endometrium
with HE staining of the four groups. 1 -A: experimental group |, 1-
B: control group I, 1-C: experimental group 1, 1-D: control group |l
Significantly thicker endometrial lining was observed in experimental
groups compared with the corresponding control groups. The
endometrial lining was significantly thicker in experimental group |
than that of experimental group Il, and there was no significant
difference between control group | and control group Il (HE, <80).
doi:10.1371/journal.pone.0082375.g001



Figure 2. Regeneration of epithelial cells in the endometrium
immunohistochemical staining with cytokeratin. 2-A: experimen-
tal group |, 2-B: control group |, 2-C: experimental group I, 2-D: control
group I, The expression of cytokeratin in experimental group | and
experimental group |l were significantly stronger than that of
corresponding control groups. The expression of cytokeratin in the
experimental group | was significantly stronger than that of the
experimental group I, but there was no difference between control
aroup | and control group 1l (PV, =<200).

doi:10.1371/journal . pone. 0082375 .g002

-

Figure 4. Regeneration of stroma cells in the endometrium
immunohistochemical staining with vimentin. 4-A: experimental
group |, 4-B: contral group |, 4-C: experimental group 1l, 4-D: control
group . The expression of vimentin in experimental group | and
experimeantal group Il were significantly stronger than that of
corresponding control groups. The expression of vimentin in the
experimental group | was significantly stronger than that of the
experimantal group I, but there was no difference between control
group | and control group Il (PV, <200).

doi:10.1371/journal.pone.0082375.g004

Vimentin

Figure 3, Expression of vimentin and cytokeratin with western
blot. Group1-4: experimental group |, experimental group Il, control
group |, control group Il. The results showed that the expression of
cytokeratin, vimentin in experimental groups were significantly
stronger compared with the corresponding control groups, and there
was no significant difference between group | and group Il when the G-
CSF was given or not given.

doi:10.1371/journal pone.0082375.9003



G-CSF

v’ Histolojik olarak endometrial kalinlikta artis,
endometrial glandlarda ve kapillerde sayisal
artma

v Vimetin ve cytokeratin ekspresyonlarinda artis
ve yeni kapiller sayinda artma

v Epitel hucrelerinin, stromal hlcrelerin ve
endotelyal hucrelerin rejenerasyonunda artis

v Eriskin stem cell proliferasyonu ve
differansiasyonu ?



Successful treatment of unresponsive thin
endometrium

Norbert Gleicher, M.D.,*® Andrea Vidali, M.D.,° and David H. Barad, M.D., M.S.*°

Objective: To assess whether inadequate, thin endometrium (<7 mm), after failure to expand with standard
treatment options, will be responsive to cytokine treatment.

Design: Prospective cohort study of four patients,

Setting: Two independent IVF centers in New York City.

Patient(s): Four consecutive women undergoing IVF who. after standard endometrial preparation. still demon-
strated highly inadequate endometrium.

Intervention(s): Transvaginal endometrial perfusion with granulocyte colony-stimulating factor (G-CSF),

Main Outcome Measure(s): Endometrial thickness on day of ET, with pregnancy as secondary endpoint.
Resull(s): We report successful endometrial expansion 1o at least minimal thickness of 7 mm after uterine perfu-
ston with G-CSF in four patients previously resistant to treatment with estrogen and vasodilators. All four patients
therefore reached ET, and all four also conceived, although one pregnancy required termination because of intra-
mural, comneal ectopic location. Endometrial expansion to minimal thickness occurred within approximately 48
hours from infusion.

Conclusion(s): Uterine perfusion with G-CSF represents a promising new tool for the currently mostly intractable
problem of inadequate, thin endometrium. This treatment also deserves further investigation for its potential to
improve implantation chances in association with IVF and, therefore, pregnancy rates. (Fertil Steril® 2011:95:
2123.¢13-¢17, ©2011 by American Society for Reproductive Medicine,)

Key Words: Granulocyte colony-stimulating factor, in vitro fertilization (IVF), endometrial thickness, inadequate
endometrium. implantation. pregnancy chance
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[ TABLE 1

Patient characteristics,

Day of Day of Endometrium Embryo
Patient  Agely) Diagnosis diagnosis  perfusion  before/after (mm) Other procedures transter  Pregnancy Outcome
1* 34 POI 5 -5 3-4/10.2 Fluld aspiration Yes Yes (twin) Ongaing
2 45 Partial Asharman 10 9 4813 Yas Yes [ntramural ectopic
¥ 33 Repeated (VF failures T “f 6,541 Yes Yes Ongaing
' 41 PO 6 2 Hight: 4,3/8.1 Both homs perfused  Yes Yes Ongaing

Left: 6.2/8.3

Estrojen ve diger vazodilatatorlere direncli 4 vaka

30 MU(300mcg/1 mL, Neupogen, Filgastrim; Amgen

Manufacturing, Thousand Oaks, CA),
<7/ mm olan vakalarda 48 saat icinde endometrial kalinlik

artisi saglamakta

3 vakada devam eden gebelik, 1 vaka ektopik gebelik



Human Reproduction, Vol.28, No.l pp. 172-177, 2013
Advanced Access publication on October 18, 2012  doi:10.1093/humrep/des370

human ORIGINAL ARTICLE Infertility
reproduction

A pilot cohort study of granulocyte
colony-stimulating factor in the
treatment of unresponsive thin
endometrium resistant to
standard therapies

N. Gleicher®, A. Kim, T. Michaeli, H-). Lee, A. Shohat-Tal,
E. Lazzaroni, and D.H. Barad

STUDY DESIGN, SIZE AND DURATION: In a prospective observational cohort pilot study over |8 months, we described
2] consecutive infertile women with endometria <<7 mm on the day of hCG administration in their first IVF cycles at our center. All previous
cycles using traditional treatments with estradiol, sildenafil citrate (Viagra™) and/or beta-blockers had been unsuccessful. G-CSF
(Nupogen ™) was administered per intrauterine catheter by slow infusion before noon on the day of hCG administration. If the endometrium
had not reached at least a 7-mm within 48 h, a second infusion was given following oocyte retrieval. Primary and secondary main cutcomes
were an increase in endometrial thickness and clinical pregnancy, respectively. Endometrial thickness was assessed by vaginal ultrasound at
the most expanded area of the endometrial stripe.

PARTICIPANTS/MATERIALS, SETTINGS AND METHOD!: This study was uncontrolled, each patient serving as her own control
in a prospective evaluation of endometrial thickness. The mean + SD age of the cohort was 40.5 + 6.6 years, gravidity was 1.8 + 2.1 (range
0-7) and parity was 0.4 + |.| (range 0-4); 76.2% of women had, based on age-specific FSH and anti-Mullerian hormone, an objective diag-
nosis of diminished ovarian reserve and had failed 2.0 + 2.| prior IVF cycles elsewhere.

MAIN RESULTS AND THE ROLE OF CHANCE: With 5.2 + |.9 days between G-CSF perfusions and embryo transfers, endometrial

thickness increased from 6.4 + .41 9.3 + 2.1 mm (P < 0.001). The A in change was 2.9 + 2.0 mm, and did not vary between conception
and non-conception cycles. A 19.1% ongoing clinical pregnancy rate was observed, excluding one ectopic pregnancy.

LIMITATIONS AND REASONS FOR CAUTION: Small sample size (but a highly selected patient population) in an uncontrolled
cohort study and in unselected first IVF cycles at our center.

WIDER IMPLICATIONS OF THE FINDINGS: This pilot study supports the utility of G-CSF in the treatment of chronically thin endo-
metrium and suggests that such treatment will, in very adversely affected patients. result in low but very reasonable clinical pregnancy rates.



Table | Characteristics of patients in a study of the

Table Il Endometrial thickness in women before and
effect of G-CSF on endometrial thickness in IVF cycles.

after intrauterine treatment with G-CSF.

MNumber of patients 21
A (58arS) 405 465 All Patients who Patients who
- = A patients conceived did not
Parity (range) 0.4 %+ 4.1:(0-4) (n = 21) (n=4) conceive
Gravidity (range) 1.8 +2.1 (0—7) (n=17)
Falled prior IVF cydes (range)” 20 4 2.1 (0—9) e vo e ‘o < < < vo
BMI (kg/m?) 23.6 + 40 First G-CSF 52419 55+ 29 52+ 1.7
FSH (miU/mi) 152 + 19.3 pustomty
embryos transfer
Ang-Mullerian hormone (ng/ml) 1.5 +26 (days)
Gonado/iophm Comes ) TRITLEBNNE Endomesiil fivhg: &4-L1AE 541 6.6 + | 44
Race (n/%) (mm) at first
Caticasian 12/57.1 G-CSF infusion
African 41390 Endomezrial lining 9.3 + 2.1° 88 + I.7° 9.5 +4 2.2¢
Asian 5/238 (mm) at err‘bryo
Primary infertility diagnosis (n/%) gansfer (mm)
Biminished ovanan reserve 16/76.2 A endometrial 29 + 1.9 324 1.7 29-4+2)°
Male factor 2/95 thickness (mm)
Uterine facwors 4/190
. Values are mean + SD; Based on r-tests, P < 0.05 denotes significance.
Polycystic ovary syndrome 1/4.8 Ip— 0.767
2 -
Data are mean + SD. ‘P< 0.001
FSH and Art-Mullenian hormone levels were testad before cyde starc ‘P= 0.034.
0.1 + 0.4 (range 0 |) prior IVF oycles were cancelled because of thin F<0.001
endomatrium P =0.793.

lleri yas (ortalam 40,5), 6nceden basarisiz IVF denemeleri olan ve

% 76,2 si kotu over rezervi olan hastada % 19,1 klinik gebelik orani edilmig

3 hastada 2. infuzyona gerek duyulmus

(bu ¢calismanin yapildigi klinikte 41 yas igin klinik gebelik orani % 25

olarak verilmekte, yine 18 ayda spontan gebelik orani % 3,6 olarak belirtimekte)
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Clinical Study
Evaluation of Granulocyte Colony-Stimulating Factor Effects on
Treatment-Resistant Thin Endometrium in Women Undergoing

Ir2: Vitro Fertilization

Michal Kunicki,' Krzysztof Fukaszuk,”? Izabela Woclawek-Potocka,” Joanna Liss,”
Patrycja Kulwikowska,? and Joanna Szczyptanska®

Tanre L Bascline patient characteristics and IVF cycle characteristics in women with thin endometrium.

Charistesistie All women Women who concelved Women wha did not concelve
rn = 37 n=7v = 30
Age (years) 3468 £ 4,13 (35) 32,14 £ 279 (33) 3532 + 4.20(36)
Primary infertility diagnosis 24/37 (64.86%) /7 (57.1496) 20/30 (66.67%)
Secondary infertility diagnosis 13/37 (35.149%) 3/7 (42.869%) 10730 (30.33%:)
BMI (kg/l“:) 23.09 4+ 278 (23.31) 21.89 + 1.37 (22.15) 23,36 = 2,97 (23.85)
FSH (mlU/mL) 78 = 1.91 (73) 6.87 + 1.40(7) 731 2 219 (7o)
> 3 P > & 5
AMH {(ng/mL) 4.28(;:2.‘..28.!8(3.8) 6.37 t|‘.‘-|lz?g(‘.mn 3.7“(;)&_:'._.."):.8( 3.4)
Cycles 346+ 2.25(3.00) 3.29 = 1.80 (3.00) 3.5+ 2.35(3.00)
1-11 2-7 1-11

Cantinuous varfabiles are shown as mean = standard deviation
Categorical variables are shown as ratio.

Tanrce 2: Endometrial thickness in women before and after infusion of G-CSF who had IVE-ET.

Characteristic All women Waomen who conceived Women who did not conceive
v =37 n=7 n o= 30
Endometrial thickness before G-CSFaanfusion 6.74 + 1.75" 6.86 + 1.65° 6.71 + 1.80°
Endometrial thickness after G-CSF infusion 842 + 173 HR80 + 1147 B 333 1.85°
Endometrial thickness (A) 1.68 + 1,05 1.94 = 099" 1.62 4+ 107"

Data arc shown as mean = standard deviation,

£ value for two dependent samples (before versus after),
'p < 0.001,

P = 0.0020,

f‘:}ih?}:l(::-zl;wu independent samples (women who caonceived versus women who Jdid not c%rl(}:8,9 gebel i k Oran I mevcut
"= Gz 34,6 yas ortalamasi
/2 saat sonra endometrium olgumu

2. Inflizyon yapilmamis



A randomized clinical trial of
endometrial perfusion with
granulocyte colony-stimulating
factor in in vitro fertilization cycles:
impact on endometrial thickness and
clinical pregnancy rates

David H. Barad, M.D.,>® Yao Yu, Ph.D.,>P Vitaly A. Kushnir, M.D.,>P Aya Shohat-Tal, Ph.D_,>"
Emanuela Lazzaroni, M.S.,*® Ho-Joon Lee, Ph.D.,*® and Norbert Gleicher, M.D.>"

Objective: To investigate whether granulocyte colony-stimulating factor (G-CSG) affects endometrial thickness, implantation rates,
and clinical pregnancy rates in routine, unselected [VF cycles.

Design: Registered, individually randomized, two-group, parallel double-blinded placebo-controlled clinical trial.

Setting: Academically affiliated private clinical and research center.

Patient(s): 141 consecutive, unselected, consenting women with no history of renal disease, sickle cell disease, or malignancy who
were undergoing IVE,

Intervention(s): Sealed, numbered, opaque envelopes assigned 73 patients to receive G-CSF (Filgrastim, Amgen, 300 pg/ 1.0 mL) and 68
to receive placebo (saline).

Main Outcome Measure(s): Endometrial thickness, clinical pregnancy, and embryo implantation rates.

Result(s): The mean age for the whole study group was 39.59 + 5.56 years (G-CSF: 39.79 £ 5.13 years; placebo: 39.38 + 6.03 years).
Endometrial thickness statistically significantly increased over the 5-day observation period for the whole group by approximately 1.36
mm. The increase in the G-CSF group was not statistically significantly different from the control group. Statistical models looking at
treatment cffects on clinical pregnancy and implantation rates demonstrated no effect of G-CSF treatment. There were no adverse
events for either treatment group,

Conclusion(s): In normal IVF patients, G-CSF does not affect endometrial thickness, implantation rates, or clinical pregnancy rates.
Because these results were obtained in an older patient population, they may not necessarily apply to younger women.

(;Iinigal Trial Begiftrafion N'uml'Jer:_ .N('I:II.)IZQZGSG. (Fertil Steril® 2014;101:710-5. ©2014 by E3:4. W]



TABLE 1

Characteristics (baseline and outcome) of study patients.
Variable G-CSF Placebo

First oycle (N = 141) n=73 n=568

Endometrium (day of hCG tngger)
Endometrium (day of embryo transfer)
Change in endometnial thickness
Age ly)

Baseline FSH

8aseline AMH

Qocytes retrieval (patient)
Pregnancy (hCG+} cyde |

SAB

Implantation rate

Clinical pregnancy (per hCG+)
Good quality embiryos

Second cycle (N =235)"

Endometrium (day of hCG trngger)
Endometrivm (day of embryo tarsfern)
Change in endometnal thickness
Age (y)

Baseline FSH

Baseline AMH

Oacytes retrieval (patient)
Preagnancy (hCG+-) cyde 2

SAB

Implantation rate

Clinical pragnancy (per hCG+)
Good quality ermbryos

10.23 (= 2.01)
11.69 (= 2.50)

1.4514 2 22)
39.79 (£ 513)
8.64 (£ 3.92)
207(=217)
8.88 (£ 7.22)
18773 (24.65%)
1/18/(5.6%)

221176 112.5%)
17/18 (94 .4%)
72/158 (45.57 %)

n= 79
9.96 (£ 227)
10.32 (= 2.15)
036 (= 2.13)
40091+ 520)
926 (+ 3.73)
1.16 (£ D.93)
7.08 (= 638
7/19 (36.8496)
2/7 (28.579%)

751 (13.7%)
S71070.43%)
14745 (31.119%)

1037 (= 2.22)
11.63 (= 2:14)

1.25 (£ 2.28)
39.38 (£ 6.03)
B27 (£ 4.01)
1.99 (£ 2.38)
856 (=5.83)

19/68 (27.94%)

319 (15.8%)
28/168 (16.7%)

16/19 (84.2%)
55/140 (39.29%)

n= 16
11,10 (£ 1.93)
1140 (=1Y.17)

0.16 (= 2.01)
39.68 (£ 3.81)
B87 (+ 4. 14)
1.50 (= 2.69)
10.18 (£ 6.46)
1016 (62.5%)
2210 (20%)
11748 (22 9%)
&10(60%)
21/ 48 (43.75%)
35/219(15.98%)

Ovesall implantation rata 33/224 (14.73%)

Note AMH = antimulledan hormone; FSH = follicle-stimulating bamaone, G-CSF = granulocyte colony-stimulating Sctor; hCG = human chononic gonadotropin, SAB = spontaneous abortion
* The sacond cycle was a cross-over ocle The 16 patients onginally allocated to placebo recaived GCSF i the second cycle and the 19 received placebo

Barad. Endomeral pefugon with G-CGF in MF. Fertil Seni 20 14

Ince endometrial kalinligi olmayan hastalarda etkisi yok
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Administration for Infertile Women With DOE 1011719371911 397386
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Thin Endometrium in Frozen Embryo @&GE

Transfer Program

Yu Li, MD, PhD', Ping Pan, MMed'", Xiaoli Chen, MD, PhD',
Lin Li, MD, PhD', Yi Li, MD, PhD', and Dongzi Yang, MD, PhD'

Abstract

We aimed to evaluate the effectiveness of granulocyte colony-stimulating factor (G-CSF) administration for infertile women with
thin endometrium in frozen embryo transfer program. Among 59 infertile patients with thin endometrium (<7 mm), 34 patients
received uterine infusion of recombinant human G-CSF (100 g/0.6 mL) on the day of ovulation or administration of progesterone
or human chorionic gonadotropin, with 40 cycles defined as G-CSF group and 49 previous cycles as self-controlled group, and 25
patients refused, with 80 cycles defined as the control group. Higher proportion of induced cycles and lower proportion of natural
cycles were observed in the G-CSF group, when compared to the self-controlled group or control group (P < .05). The cycle
cancellation rate was, in descending order, 69.39% in self-controlled group, 48.75% in control group, and 17.50% in G-CSF group,
with significant difference (P < .05). The implantation rate and clinical pregnancy rate per embryo transfer were similar in all
the groups (P > .05). Our study fails to demonstrate that G-CSF has the potential to improve embryo implantation and clinical
pregnancy rate of the infertile women with thin endometrium.



Table |. Characteristics of Patients Who Received G-CSF Adminis-  Table 2. Treatment Protocol and Outcomes of FET Cycles in All 3 Groups

tration and Those Who Did Not. -
e
With G-CSF~ Without G-CSF P GO Grop  Sel-Controled Growp  Contrl Group h :
(n=34) (n=25  Value (h=40) (n=4) h=8)  Iw2 lwd 2wl
Age, years 3091 + 351 3196 + 365 N§  Trementprococoln (3]
Gravidity 121+ 123 LI6+1.07 N§  Nounlge (1250 142857) gl oom w8
Infertility type, n (%) Extended esrogen cyce B(1) 31 (632) 40 (3000

Primary 1 (32.35) 8(3200) NS [Iducedoyck 12(3000) 4816 13{1625)

Secondary 23 (67.65) 17 (68.00) Endometral tidkness 1 D, mm 631 + 069 626 + 141 R0 NSNS
Infertlity duration, years ~ 426 + 291 572+ 402 NS  Cpecnehion 1750 6939 #73 oo m
BMI, kg/m’ 2083 + 288 2095+ 291 NS MNoofcompleedcycs 3 15 4l
Basal FSH, IU/L 783 + 225 700 + 144 NS Nooftransemed embryos 148+ 057 153 1082 161055 NS NS NS
Basal LH, IU/L 596+ 470 643 +4.02 Ns  Tnsemed embryos feare, n )

Basal E3, pmol/L 19679 + 17403 16203 +7197 N5 O3 62(7541) 33 B684) Npsen N NN
No. of prior fresh IVF |44+ 08  140+071 Ns O 013 5(1316) 14(1333)

ycles Fomembnorecoery,  NHUE S VIR NREBH NN NS
Endometrial thicknessin 777 = 1.6 778 + 146 NS  mphnaton,n (i) 13(158) 3189 M3y N NN

fresh IVF cycles, mm Cnica pregnancyfET,n () 103030) 302000) npm NN NS
Thin endometrium in 21 (42.86) 18(51.43) NS Maragn l ] ! - - -

fresh IVF cycles, n (%) Ectopic pregnancy, n 0 | 0 » - "
Catna chinferely, ay Abbreviations: DX, the day of ovulation or administration of progestarone or hCG; D1, 72 hours after owulation or the begianing of progestarene
;eallvelcf/::;a: faser T; gg;g :; gggggg :: sipplementation: DS, 120 hours after ovulation or the begimning of progesterane supplementation; NS, not sgnicant: FET, frozen embryo tansfer; HCG, human
: ’ chorionic gonadotropin GCSF, grandd imutzting factor; ET, transfer,

Uterine facors 8BS 10(000) NS ‘ermmmmtonninn

Polycystic ovary 7(20.59) 6(24.00) NS .5 roup versus contre roup,

syndrome Seff<ontroled growp verus control group,

Unexplained infertility | (294) | (400) NS

Endometrioss | 294) 1400 NS Dysiik doz G-CSF, Thaw siklusu, retrospektif

Abbreviations: BMI, body mass index; NS, not significant; G-CSF. ganocre.: ~~ NON-randomize ¢aligsma, klinik gebelikler
colony-stimulating factor; IVF, in vitro fertilization; FSH, follicle-stimulating
hormone; LH, luteinizing hormone; Ey. estradiol. arasinda fark yOk
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Transvaginal perfusion of G-CSF for infertile women
with thin endometrium in frozen ET program: A non-
randomized clinical trial

Maryam Efteknhar M.D., Mozhgan Sayadi M.D., Farideh Arabjahivani M.D.

Abstract

Background: We often see patients with a thin endometrinm in ART cycles. in
spite of standard and adjuvant treatments. Improving endometrial growth in patients
with a thin endometrium is very difficult. Without adequate endometrial thickness
these patients. likely, would not have reached embryo transfer.

Objective: We planned this study to investigate the efficacy of intrauterine
granulocyte colony-stimulating factor (G-CSF) perfusion in improving
endometrium. and possibly pregnancy rates in frozen-thawed embryo mransfer
cycles.

Materials and Methods: This is a non-randomized intervention clinical trial
Among 68 infertile patients with thin endometrium (-7 mm) at the 15" _j3th cvcle
day, 34 patients received G-CSF. G-CSF (300 microgram/lml) to improve
endometrial thickness was direct administered by slow infrauterine infusion using
IUT catheter. If the endometritun had not reached at least a 7-mum within 48-72 h, a
second infusion was given. Endometrial thickness was assessed by serial vaginal
ultrasound at the most expanded area of the endometrial stripe.

Resulfts: The cycle was cancelled in the patients with thin endometrium
(endomeirial thickness below 7mm) untl 19" cyvcle day ultimately The cycle
cancelation rate owing to thin endometrinm was similar in G-CSF group (15.20%).
followed by (15.20%) in the control group (p=1.00). The endometrial growth was
not different within 2 groups. an improvement was shown between controlled and
G-CSF cotreated groups. with chemical (39.30% vs. 14.30%) and clinical pregnancy
rates (32.10% vs. 12.00%) although were not significant.

Conclusion: Our study fails to demonstrate that G-CSF has the potential to improve
endometrial thickness but has the potential to improve chemical and clinical
pregnancy rate of the infertile women with thin endometrium in frozen-thawed
embryo transfer cycle.



Table 1. Baseline characteristics in G-CSF cotreated and control groups

Variables G-CSF cotreated group (n=34) Control group (n=34) p-value
Age (years) 3081 +=4.60 28.57=5.16 0.06
BMI (kgfmz) 2527 =148 2493159 0.38
Type of infernlity
Primary 27 (81.80%) 31 (93.90%) 012
Secondary 6 (18.20%) 2. (6.10%)
Etiology of infertility
Ovulatory 8§ (2420%) 5(16.10%) 0.32
Tubal 1 (3%) 1(3.2%)
Male 11 (33.30%) 14 (45.20%)
Mixed 9'(27.30%) 11 (35.5%)
unexplamed 4(12.10% 0 (0%)
G-CSF: granulocyte colony-stimulating factor BMI: body mass mndex

OHSS: ovarian hyperstimulation syndrome IVF: mn vitro fertilization.
Continuous data presented as mean=SD with p-values obtamed from Independent- Samples T test; Enumeration data presented as N (%) with p-value
obtamed from Chi-Square or fisher exact tests. A p-value of<0.05 was considered statistically significant

Table II. Cycle charactenistics and outcomes of FET cyceles in G-CSF cofreated treated and control groups

Variables G-CSF cotreated group (n=34) Control group (n= 34) p-value
No. of Transferred embryos 246063 239=049 064
Embryo quality
A 20 (71.40% 17 (60.70%) 0.57
B 8 (28.60%) 11 (39.30%)
Cycle cancellation 5(1520%) 5(1520%) 1.00
Endometnial thickness, (mm) at
D1 3.63=0.78 576=0.86 0.88
D2 791 =055 8§23=0.82 0.10
Chenucal pregnancy 11 (39.30%) 4 (14.30%) 0.68
Clinical pregnancy 9 (32.10%) 3(12%) 0.10

G-CSF: granulocyte colony-stimulating factor FET: frozen embryo transfer
D1: endometrial thickness at the 12®-13" day of frozen- thawed embryo transfer cycle
D2: endometnal thickness at the first day of progesterone mjection

Transfer day”™. The frozen- thawed cycle day which the embryos were transferred
Continuous data presented as mean=SD with p-values obtained from Independent-Samples T test. Enumeration! data presented as N (%) with p-value
obtained from Chi-Square or fisher exact test. A p-value of<0.05 was considered statistically sigmificant

Non-randomize ¢alisma, Klinik gebelik orani G-CSF grubunda
Daha yuksek olmakla beraber istatistiksel fark yok



ART de Tekrarlayan Implantasyon
Basarisizliklarinda G-CSF

Results of our first study (2000): patients with more than four IVF/ICSI treatments not resulting in pregnancy or more than four unsuccessful ETs received
molgramostim, and, in a second series, filgrastim as a single shot. The age of all groups was between 37 and 38; all ETs were performed onday 2 (D +2).

H-GM-CSF (molgramostim 300 ng) ~ No medication ~ Rh-G-CSF (filgrastim 34mIU)  No medication

Number of patients 107 107 69 69
Number of embryo transfers (day 2) 107 106 69 69
Clinical pregnancies 46 21 35 13
Pregnancy rate/embryo transfer 42.9% 19.8% 50.7% 19.8%
Abortion rate (clinical pregnancies) 9(19.5%) 2(19.0%) 7(29%) 2(15.4%)

» 1149 ET sonrasi GM-CSF kullanilan grupta implantasyon oranlari

%20 den % 23,5’ e ve canli dogum oranlari % 24,1’'den %28.9'a
yukselmis Ziebe, S., Fertil.Steril. 2013

= 109 hasta, en az 3 IVF siklus, en az 7 iyi kalitede embriyo transferi,
en fazla 39 yas, ET 2. gun ve 60 mg G-CSF baslaniyor, gebelik testi
pozitif geldikten sonra 40. gune kadar devam ediliyor. Tedavi
grubunda (58 hasta) gebelik orani % 43,1 iken plasebo grubunda
(51 hasta) %21,6 bulunuyor (p<0.001).

Scarpellini, F., Sbracia, M., J. Reprod. Immunol. 2012



GAZI VERILERIMIZ

G-CSF (+) (91) Kontrol (123) p
Yag 32,8+5,1 32,616 0.8
D3 FSH (IU/L) 7,61£3,5 7,1£3,1 0.4
HCG gunu 10,3+2,1 10,1+£1,8 0.7
endometrial
Kalinlik (mm)
Toplanan oosit sayisi 8,2+4 7,814 4 0.8
Matur oosit sayisi 5,5£3,3 5,314 4 0.6
Transfer edilen 1,1£0,4 1£0,5 0,7
embriyo sayisi
Beta HCG (+) % 37,3 18,7 0.003

Klinik Gebelik % 32,9 15,4 0.008



SONUGCLAR

Basarili bir gebelik i¢in blastosistin reseptif
endometriuma implante olmasi gereklidir

Yillardir H/S adezyolizis, estrojen tedavisi,
vazodilatator ve antioksidan ajanlar
uygulanagelmektedir

Son donemlerde rejeneratif tibbi tedaviler ince
endometriumun tedavisinde kullanulmaktadir.

Tum embriyolarin dondurulmasi, siklus iptali, tasiyici
annelik gibi seceneklerden once denenebilecek bir
tedavi secenegi olabilir



SONUGCLAR

Ince endometriumun tedavi modalitelerinden biri de G-
CSF olabilir

Ozellikle endometrial kalinligin < 7mm olan hallerde
kullanilabilir

HCG gunu intrauterin infuzyon veya ET sonrasi sc olarak
kullanilabilir ( doz araligi?)

Ince endometrium Slclilmeyen hastalarda etkinligi
tartismali

Thaw sikluslarinda calisma gruplarinda daha yuksek
gebelikler olmasina ragmen istatistiksel anlama
ulasiimamis

RIF olan hastalarda da etkili olabilmektedir



