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Abstract t 

Background:: Ovulation induction with rFSH is common in women with PCOS not 

respondingg to clomiphene citrate treatment, despite the associated risk of multiple 

pregnancies.. Counselling of women would benefit from knowing the chances of success with 

rFSHH in specific patients groups. We performed a study to establish whether clinical, 

ultrasonographicc and endocrine parameters during initial screening of women with 

clomiphenee citrate resistant PCOS can predict ongoing pregnancy within 12 months of 

treatmentt following ovulation induction with rFSH. 

Methods:: Eighty-five women were allocated to receive rFSH as part of a multicenter clinical 

trial.. rFSH was administered in a chronic low-dose step-up protocol and given until six 

ovulatoryy cycles were reached within 12 months. A multivariate logistic model was built 

usingg clinical, ultrasonographic and endocrine parameters to predict response to rFSH 

treatment,, adjusted for the number of cycles performed. Initially, only data on clinical 

parameterss were included in the model. Subsequently, ultrasonographic and endocrine 

parameterss were added. 

Results:: In total, 85 women underwent 279 treatment cycles with rFSH of which 57 women 

(67%)) reached an ongoing pregnancy. Oligomenorrhea, shorter duration of infertility and a 

lowerr free androgen index (FAI) were associated with higher chances on ongoing pregnancy, 

resultingg in a predictive model with an AUC of 0.72. 

Conclusion:: A model consisting of oligo/amenorrhea, duration of infertility and FAI level 

allowedd distinction between women with a poor prognosis, and women with a good 

prognosis. . 
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Introduction n 

Polycysticc ovary syndrome (PCOS) is the commonest cause of anovulatory infertility. It is 

estimatedd to affect approximately 4-7% of women.1"4 Recently, a consensus was reached on 

thee definition of PCOS and revised diagnostic criteria have been formulated for this 

heterogeneouss disorder.5,6 

Clomiphenee citrate (CC) is still the first line treatment in women with PCOS yet, a 

significantt proportion of women does not respond to treatment with clomiphene citrate. In 

thesee CC-resistant women laparoscopic electrocautery or ovulation induction with 

gonadotrophinss are indicated. 

Forr ovulation induction with gonadotrophins, recombinant FSH (rFSH) is widely used. 

Pregnancyy rates between 35 and 70% after ovulation induction with rFSH have been reported 

inn the literature.7"9 Ovulation induction with FSH is, especially in PCOS, also associated with a 

highh risk of multiple pregnancies caused by multiple follicular development. For this reason, 

adjustedd dose regimens and intense monitoring of ovarian response to prevent multiple 

follicularr development have been implemented. 

Ann alternative treatment option for CC-resistant women is laparoscopic 

electrocauterisation.. If not successful, electrocautery can be followed by CC, as some CC-

resistantt women will become responsive to CC after the cauterisation. Multiple pregnancies 

cann largely be prevented by treating women with electrocautery and clomiphene citrate, and 

iff  not successful by subsequent rFSH treatment.101' Laparoscopic cauterisation followed by 

CCC has been put forward as the treatment of first choice in women with CC-resistant 

PCOS.12133 A limitation of the laparoscopic procedure however, is that it is a surgical 

proceduree under general anaesthesiology for which patients and/or gynaecologist might not 

opt.. The counselling of couples would benefit from knowledge about the chances of success 

withh rFSH in specific patients groups. 

Therefore,, we performed a study to establish whether clinical, ultrasonographic and 

endocrinee parameters during initial screening of CC-resistant PCOS patients can predict 

treatmentt success after ovulation induction with rFSH. 

Methods s 

Betweenn February 1998 and October 2000, 85 women underwent ovulation induction with 

recombinantt FSH as part of a multicenter controlled trial.11 The Institutional Review Boards 

off  all 29 participating hospitals approved the study and written informed consent was 
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obtainedd from each participant. PCOS was diagnosed on basis of chronic anovulation and 

presencee of polycystic ovaries on transvaginal ultrasonography.5'6 All women were 

clomiphenee citrate resistant, i.e. they had persistent anovulation despite 150 mg clomiphene 

citratee daily for 5 days during one cycle. Anovulation was defined as absent folliculogenesis 

determinedd by ultrasonography for 35 days. The primary exclusion criteria were other causes 

off  infertility like hyperprolactinaemia, hypothalamic amenorrhea, premature ovarian failure, 

aa negative post-coital test or ovarian tumour, previous treatment with gonadotrophins, age 

abovee 40 years, and a partner with male subfertility. We defined male subfertility as a 

semen-analysiss that did not meet the WHO criteria for concentration, motility and/or 

morphologyy (World Health Organisation, 1993). An initial clinical, ultrasonographic and 

endocrinee evaluation took place before ovulation induction with rFSH. Clinical variables 

studiedd were age, menarche, duration of infertility, cycle history (amenorrhea or 

oligomenorrhea),, body mass index (BMI) and waist hip ratio (WHR). Oligomenorrhea was 

definedd as cycle intervals of more than 35 days but less than 6 months and amenorrhea was 

definedd as cycle intervals of more than 6 months. 

Transvaginall  ultrasonographic evaluation included assessment of the ovarian volume. 

Ovariann volume was determined by the prolate ellipsoid formula, volume = 4/37tabc, with a, 

bb and c representing the mean radius of the length, width and thickness of the ovaries. The 

meann radius was determined by taking the mean diameter of length, width and thickness of 

bothh ovaries, divided by 2. 

Endocrinee evaluation included serum assays for FSH, LH, testosterone, androstenedion, 

sexx hormone binding globulin (SHBG), DHEAS, fasting insulin, glucose and leptin. The free 

androgenn index (FAI) was calculated as testosterone* 100/SHBG. Blood samples were 

centrifugedd within 2 h after withdrawal and stored at -20 C until assayed. All hormonal 

assaysassays were performed at one laboratory (Endocrinology Department, Academic Medical 

Centerr Amsterdam) on cryopreserved blood. 

Alll  male partners had two semen-analyses after a minimal sexual abstinence of two days 

andd analysis of the semen was performed within 1 hour of ejaculation. After liquefaction, 

volume,, concentration and motility were determined. 

rFSHH (follitropin alpha, Gonal-F; Serono Benelux BV, The Hague, The Netherlands), 

wass administered in a chronic low-dose step-up protocol. Treatment started on cycle day 3 of 

aa progesterone-induced bleeding with daily 75 1U sc injections. Follicle development was 

assessedd by transvaginal ultrasonography at weekly intervals or more frequently if indicated 

byy follicl e growth. If the diameter of the follicles remained < 10 mm, the dose was increased 

withh half an ampoule on cycle days (CD) 16 and 23. If no follicle development was seen on 

CDD 30, i.e. no follicle with a diameter of >10 mm, the cycle was cancelled because of poor 

response.. A cycle was also cancelled if more than six follicles were present with a diameter 
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off  > 14 mm or more than three follicles were present with a diameter of > 16 mm to prevent 

hyperstimulationn or multiple pregnancies. 10000 IU of HCG (Pregnyl, NV Organon, Oss, 

Thee Netherlands) was administered by i.m. or s.c. injection if one follicle of minimal 18 mm 

inn diameter and maximal 2 follicles with >15 mm diameter were present. 
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Figuree 1. Cumulative proportion of women with an ongoing pregnancy over treatment cycles in 85 
womenn with CC-resistant PCOS 

Dataa analysis 

Ongoingg pregnancy, defined as a vital pregnancy at 12 weeks of gestation, was the primary 

endpointt for this study. Associations between clinical, ultrasonographic and endocrine 

parameterss and response to rFSH treatment were evaluated using multivariate logistic 

regressionn analysis, adjusting for treatment cycle number. First, correlations between 

parameterss were studied to prevent the selection of highly correlated parameters in the 

logisticc model. We subsequently checked the linearity of the association between continuous 

variabless and ongoing pregnancy, using visual inspection and spline functions. As the 

continuouss variables approached linearity it was not necessary to transform these variables. 

Forr both dichotomous and continuous variables univariate odds ratios (OR) and 95% 

confidencee intervals (CI), as well as P-values were calculated. 

Subsequently,, multivariate logistic regression analysis was used to construct a prediction 

modell  for the occurrence of ongoing pregnancy. The initial model included clinical data 

only.. Subsequently, ultrasonographic and endocrine variables were added using a stepwise 

procedure.. To minimise erroneous exclusion of some factors that are of prognostic relevance 

aa significance level of p<0.2 was used for selection in our multivariate analysis I4'15. 
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Too adjust for overfitting an internal validation was performed with bootstrapping and a 

shrinkagee factor was calculated. Bootstrapping is a technique to create comparable virtual 

populations.. We bootstrapped 200 times. In each of the 200 new datasets the same 

multivariatee logistic regression was assessed. 

Too express the discriminative performance of the final logistic model, the area under its 

Receiverr Operating Characteristic curve was calculated. 

Too measure the agreement between predicted and observed outcomes we studied the 

calibrationn of the model. The predicted fraction and the observed fraction of ongoing 

pregnanciess were compared in five groups of women, by plotting the respective observed 

proportionss of women with an ongoing pregnancy against the predicted proportions, as 

calculatedd from the model. The five groups were constructed by using the quintiles of the 

model-basedd calculated probabilities of success. We evaluated the goodness-of-fit of the 

modell  with the Hosmer and Lemeshow test statistic. 

Dataa were analysed using SPSS 11.0.1 (SPSS Inc. Chicago, II) and S-PLUS 2000 

(MathSoftt Inc.). 

Results s 

AA total of 85 women underwent 272 treatment cycles with rFSH, of which 69% were 

ovulatory.. Eighty of the 85 women (94%) had at least one ovulation, 61 (72%) women 

conceivedd and 57 (67%) reached an ongoing pregnancy. Figure 1 shows the cumulative 

proportionn of women with an ongoing pregnancy. The ongoing pregnancies resulted in 52 

(61%)) deliveries: 44 singletons, seven twins and one triplet delivery. No cases of ovarian 

hyperstimulationn syndrome were seen. Women were treated for an overall mean duration of 

44 (SD: 1) treatment cycles and for no more than 8 treatment cycles. Table 1 summarises the 

clinical,, ultrasonographic and endocrinological characteristics for the total study population 

Resultss of the univariate and multivariate analysis are summarised in Table 2. Univariate 

analysiss showed cycle history (oligomenorrhea versus amenorrhea), FAI and leptin levels to 

bee significantly associated with response to treatment. As FAI and leptin were correlated 

(correlationn coefficient 0.52, p<0.001), we decided to consider FAI only, and to exclude 

leptinn from further analyses. 
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Tablee 1. Baseline characteristics 
Screeningg parameters 
Clinical l 

Agee (yr) 
Infertilityy duration (yr) 
Infertilityy type 

Primaryy (N) 

Secondaryy (N) 
Agee at menarche (yr) 
Cyclee history 

Amenorrheaa (N) 
Oligomenorrheaa (N), 

BMII  (kg/m2) 
WHR R 

Ultrasonographicc parameters 
Meann ovarian volume (ml) 
Endocrinological l 

LH H 
FSH H 
LH/FSH H 
Testosteronee (nmol/L) 

SHBGG (nmol/L) 
FAI I 
Androstenedionn (nmol/L) 

DHEASS (nmol/L) 
Glucosee (mmol/L) 
Insulinn (pmol/L) 
Insulin/glucosee ratio (xlO3) 

Leptinn (ng/ml) 

Malee partner 
Totall  motile sperm count (106)* 

Meann (SD) 

29(4.1) ) 
2.88 (2.2) 

65 5 
20 0 
13(1.8) ) 

23 3 
62 2 
27(5.8) ) 
0.88 (0.08) 

12(6.5) ) 

11(5.1) ) 

6(1.6) ) 
1.9(0.92) ) 
3.9(1.3) ) 
400 (20.9) 
13(10.5) ) 
12(4.3) ) 
5(2.2) ) 

5.1(1.3) ) 
722 (58) 
15(12) ) 
21(10.7) ) 

98(5-641) ) 

**  median (min-max). 

Inn our study population the FAI was positively correlated with several other clinical and 

endocrinee parameters. The strongest correlation was found for androstenedion (rho=0.53, 

pO.001)) and WHR level (rho=0.52, p<0.001), which means that women with a high FAI 

weree likely to have a high androstenedion and WHR level. Modest correlations (between 0.3 

andd 0.5) were found with insulin to glucose ratio, leptin, and BMI. The modest correlation 

betweenn FAI and leptin (rho=0.43, pO.001) or IGR (rho=0.44, pO.001) remained 

significantt after adjustment for WHR or BMI. 
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Tablee 2. Results of the univariate and multivariate logistic regression analyses; 

Analysess steps 

Clinicall parameters 
Agee (yr) 
Cyclee history: oligo- vs amenorrhea 
Durationn of infertility (yr) 
Secondaryy vs primary infertility 
Menarchee (yr) 
BMI I 

Ultrasonographicc parameters 
Ovariann volume 

Endocrinologicall parameters 
LH/FSH H 
FAI I 

DHEASS (umol/L) 
Insulinn (pmol/L) 
Glucosee (mmol/L) 

Malee partner 
TMC C 

OR R 

1.01 1 
3.15 5 
0.90 0 
0.75 5 
0.90 0 
0.98 8 

0.98 8 

0.91 1 

0.94 4 
0.94 4 

0.99 9 
0.97 7 

1.00 0 

Univariate e 

95%% CI 

0.95-1.08 8 
1.52-6.63 3 
0.77-1.05 5 
0.38-1.50 0 
0.77-1.06 6 
1.52-6.52 2 

0.94-1.03 3 

0.66-1.26 6 
0.90-0.98 8 

0.81-1.09 9 

0.99-1.00 0 
0.78-1.21 1 

0.99-1.00 0 

P P 

0.68 8 
0.002 2 
0.19 9 
0.42 2 
0.20 0 
0.52 2 

0.45 5 

0.58 8 
0.004 4 
0.40 0 

0.08 8 
0.79 9 

0.92 2 

OR R 

2.34 4 
0.87 7 

0.93 3 

Multivariate e 

95%% CI 

1.11-5.38 8 
0.73-1.04 4 

0.89-0.98 8 

P P 

0.04 4 
0.13 3 

0.003 3 

ORR = odds ratio; 95% CI = 95% confidence intervals. Blank cells indicate that the variable was not included in 
thee multivariate model. 

Thee chance of an ongoing pregnancy can be calculated from the multivariate model with the formula: 
Probabilityy =1/(1+ exp(-P)) where p= -0.13 + duration of infertility *-0.14 + amenorrhea*0.85 + FAl*-0.073 

Whenn including clinical and ultrasonographic parameters in the multivariate analysis 

onlyy cycle history and duration of infertility were found to be significantly associated with 

ongoingg pregnancy rate. Women with oligomenorrhea had a higher probability to reach an 

ongoingg pregnancy while the chances to become pregnant decreased with a longer duration 

ofinfertility(AUC:0.64). . 

Whenn considering the additional value of endocrine parameters to the clinical and 

ultrasonographicc parameters, cycle history, duration of infertility and FAI were identified 

(Tablee 2). The multivariate-adjusted odds ratios were 2.34 for cycle history (95% CI: 1.11 to 

5.38),, 0.87 for duration of infertility (95% CI: 0.73 to 1.04) and 0.93 for FAI (95% CI: 0.89 

too 0.98). Internal validation by bootstrapping showed a 6% overfitting of the model. 

Thee effects of cycle history and FAI on cumulative proportion of women with an 

ongoingg pregnancy are depicted in figure 2a and b. For the FAI the largest difference was 

foundd at a cut-off level of 9 using ROC-curve analysis. 
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0 1 2 3 4 5 6 7 8 8 

Treatmentt cycle 

Figuree 2a. Univariate relationship between cycle history and proportion of women with an ongoing pregnancy 
overr time, expressed as treatment cycles, in 85 women with CC-resistant PCOS. P = log-rank test P value. 

0 1 2 3 4 5 6 7 8 8 

Treatmentt cycle 

Figuree 2b. Univariate relationship between FAI and proportion of women with an ongoing pregnancy over 

time,, expressed as treatment cycles, in 85 women with CC-resistant PCOS. P = log-rank test P value. 
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Figuree 3. Calibration of the prediction model, expressing the observed proportion ongoing pregnancies per 

cyclee with 95% CI against the probability as predicted by the multivariate model. Quintiles of the predicted 

probabilitiess were used to obtain five groups. 

Thee reliability of the model was tested by comparing model-based probabilities with the 

observedd proportions of women reaching an ongoing pregnancy (Figure 3). The group with 

thee lowest probabilities to reach an ongoing pregnancy had a mean probability below 5% and 

couldd be well distinguished from women with a probability above 25%. The group of 14 

womenn with the lowest probability to reach an ongoing pregnancy contained those who were 

amenorrheic,, had an infertility duration over 3 years and a FAI above 9. In contrast, the 

groupp of 34 women that had a mean probability to reach an ongoing pregnancy above 25% 

containedd those who were oligomenorrheic (only one woman had amenorrhea). Furthermore 

alll  women in this high probability group had an infertility duration of 2 years or less and a 

FAII  below 9. 

Althoughh the model was found to be well calibrated (Hosmer and Lemshow test, 

p=0.81),, its discriminative power was modest (AUC 0.72) (Figure 4). 
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Figuree 4. Receiver Operating Characteristic curve for the model to predict reaching an ongoing pregnancy 

Discussion n 

Wee have tried to build a multivariable model to predict success after ovulation induction 

withh rFSH in women with CC-resistant PCOS. From the set of all clinical, ultrasonographic 

andd endocrine parameters the FAI came out as the best predictive variable for success: 

womenn with a FAI below 9 had better chances to reach an ongoing pregnancy. Cycle history 

wass the second predictive variable for pregnancy, as women with oligomenorrhea were more 

likelyy to get pregnant than women with amenorrhea. Lastly, women with an infertility 

durationn of less than 2 years were found to be more likely to reach an ongoing pregnancy. 

Thee latter association was not statistically significant at a p<0.05 level as we used a 

significancee level of p<0.2 for selection in our multivariate analysis to minimise erroneous 

exclusionn of some factors that are of prognostic relevance. 

Too our knowledge this is the first study on prognostic factors for success of rFSH 

treatmentt in a chronic low dose step-up scheme to use a multivariable prediction model 

basedd on prospective data collection in CC-resistant women with PCOS. The strength of the 

studyy is that we included only women with CC-resistant PCOS, without other causes of 

infertilit yy including male partner subfertility. Furthermore, we considered all parameters 
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knownn to be associated with PCOS, including female age, type of infertility, age at 

menarche,, cycle history, BM1, size of the ovary, LH/FSH ratio, FAI, DHEAS, 

androstenedion,, glucose, insulin and leptin. A potential weakness of our study is that it is 

basedd on 85 women only. 

Onee other study examined variables prognostic for success of rFSH treatment in a step-

downn scheme in women with normogonadotrophic anovulatory infertility that were CC-

resistantt or had failed to conceive in 6 ovulatory cycles.16 Most of these women probably 

hadd polycystic ovary syndrome. The authors of that study also found the chances to reach an 

ongoingg pregnancy to decrease with increasing testosterone level. However, we found the 

FAII  to be a better predictor than testosterone alone. 

Thee FAI expresses the available bioactive testosterone serum level. Local high androgen 

concentrationss are believed to have a detrimental effect on follicle growth and oocyte 

quality.. In atretic follicles high androgen/estrogen levels have been found. Furthermore, it 

hass been observed that the follicular steroid environment is correlated with oocyte quality in 

humanss lx. In a recent study in mouse follicle culture under a constant gonadotropin tonus, 

locall  androgen increase was not found to be atretogenic but did adversely affect fertilisation 

off  in vitro grown oocytes '9. Unfortunately we do not know whether the FAI levels in blood 

serumm reflect the levels in the follicular environment. 

Inn our study 94% of the women ovulated with rFSH treatment. As follicle growth was 

observedd in almost all women it is unlikely that FAI serum levels are associated with 

impairedd follicle growth. However, a detrimental effect of high androgen levels expressed as 

aa negative association between FAI serum levels and oocyte quality or fertilisation rate is 

possible.. Such an association may explain why the FAI level was found to be a prognostic 

parameterr for pregnancy. 

Inn our study group the FAI was positively correlated with several other clinical and 

endocrinee parameters. The strongest correlation was found for androstenedion and WHR 

level,, implying that women with a high FAI were likely to have a high androstenedion and 

WHRR level. Furthermore we found a modest correlation beween FAI and leptin independent 

off  BMI and WHI level. Previous studies on leptin in women with PCOS did not find such an 

association.20'211 The women in those studies however were not CC-resistant. 

Ourr model allowed us to distinguish between women with a probability below 5% to reach 

ann ongoing pregnancy and women with a probability over 25%.to reach an ongoing 

pregnancyy The group of women with a poor prognosis consisted of those who had 

amenorrhea,, an infertility duration over 3 years and a FAI above 9. In contrast, most women 

withh a probability to reach an ongoing pregnancy above 25% had oligomenorrhea, an 

infertilityy duration of less than 2 years and a FAI below 9. After external validation, our 

modell  can be used in the counselling of women with CC-resistant PCOS. 
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