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Abstract
Random start protocols are commonly used for oocytes cryopreservation in women with cancer. However, evidence to 
support their effectiveness is yet modest. This study aims to compare the quality of ovarian response between the ovary 
carrying the dominant follicle or the corpus luteum (active ovary) and the contralateral ovary (resting ovary). Women with 
a diagnosis of malignancy who underwent oocytes cryopreservation were reviewed. The main inclusion criterion was the 
presence of a unilateral dominant follicle or a unilateral corpus luteum on the first day of ovarian hyperstimulation. The 
primary outcome was the number of mature oocytes retrieved. Intra-patient comparisons between the two ovaries were 
made using the nonparametric Wilcoxon test for paired data. Forty-three women were included. The number of mature 
oocytes retrieved from the active and the resting ovaries did not differ, the median [interquartile range—IQR] being 4 [2–7] 
and 5 [2–8], respectively (p = 0.09). The rate [IQR] of mature oocytes per developed follicle was 58% [40–80%] and 65% 
[33–87%], respectively (p = 0.42). In addition, no significant difference emerged when repeating the analyses separately for 
women carrying dominant follicles and for those carrying corpora lutea. This study failed to detect any detrimental effect 
of the presence of a dominant follicle or a corpus luteus on the ovarian response to hyperstimulation, thus supporting the 
validity of random start protocols.
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Introduction

Global cancer incidence in women is estimated at around 9.2 
million cases annually [1]. The vast majority affects older 
women, but about 6% of cases occurs before age 35 [1]. The 
survival rate of young women affected by cancer is improv-
ing owing to advances in antineoplastic therapy, but these 
treatments can damage the reproductive capacity, leading to 
delayed or arrested puberty, subfertility, or iatrogenic prema-
ture ovarian insufficiency [2–4]. For this reason, performing 

fertility preservation techniques prior to embarking on onco-
logical treatments is now recommended [5].

Cryopreservation of oocytes is the gold standard for fer-
tility preservation in post-puberal cancer patients [5]. To 
shorten the duration of ovarian hyperstimulation, “random 
start” protocols were introduced and are gaining consent 
worldwide [6, 7]. These regimens are based on the observa-
tion that ovarian follicles can respond to hyperstimulation 
regardless of the phase of the ovarian cycle [8].

Several studies supported the efficacy and feasibility of 
random start protocols [9–12]. A recent systematic review 
that included nine comparative studies did not document 
significant differences between women undergoing a ran-
dom start protocol and those treated with a conventional 
hyperstimulation regimen initiated in the early follicular 
phase. The number of mature oocytes retrieved was similar 
(weighted mean differences + 0.40 oocytes, 95%CI: -0.84 
/ + 1.66) [13]. However, none of these studies was rand-
omized and, therefore, the quality of the evidence is not 
high [13]. Moreover, long-term evidence on the chance of 
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live birth (the most relevant outcome) is lacking because 
the number of women who have thawed the stored oocytes 
is yet modest. Investigating more in-depth the effectiveness 
of random start protocols remains a priority.

In this regard, one may argue that the presence of domi-
nant follicles or corpora lutea could display detrimental 
effects on the surrounding growing follicles [14]. These 
functional cysts can secrete several factors with paracrine 
functions that can potentially interfere with the response to 
ovarian hyperstimulation. They include sex steroids and their 
metabolites [15], angiogenic factors [16] and members of the 
transforming growth factor-beta (TGF-β) superfamily [17]. 
Previous evidence from our group failed to highlight a detri-
mental effect on the quantitative aspect of ovarian response, 
but data on the quality of the response are lacking [14].

In the present study, we aimed at providing additional 
evidence on the validity of random start protocols by com-
paring the quality of the ovarian response between the ovary 
carrying the dominant follicle or the corpus luteum and the 
contralateral resting ovary. The primary outcome was the 
rate of mature oocytes that could be retrieved.

Materials and methods

Women with the diagnosis of malignant tumors who under-
went oocytes cryopreservation in the Infertility Unit of 
Ospedale Maggiore Policlinico in Milan between January 
2017 and March 2021 were reviewed. The present study is 
an extension of a recent study of our group [14]. The main 
inclusion criterion was the presence of a unilateral dominant 
follicle (i.e., mean diameter > 11 mm) or a unilateral corpus 
luteum on the first day of ovarian hyperstimulation. Exclu-
sion criteria were as follows: (1) previous ovarian surgery; 
(2) presence of ovarian cysts; (3) last menses happened ear-
lier than 5 days before; (4) presence of bilateral dominant 
follicles or corpora lutea; (5) cycle cancellation stimulation 
before oocytes retrieval; (6) no previous sexual intercourses 
because in these cases monitoring was done using transab-
dominal ultrasound, a technique with insufficient accuracy 
for our study. We considered only the first ovarian hyper-
stimulation cycle in those women who had multiple cycles. 
The local Institutional Review Board (Comitato Etico Area 
B—Milano) approved our experimental protocol. Only 
women who gave their consent for their data to be used for 
retrospective research were included in our study.

All women underwent transvaginal ultrasound for the 
assessment of antral follicle count (AFC) and possible 
gynecological disorders prior to initiating the cycle. The 
presence of a dominant follicle (mean diameter ≥ 11 mm) 
or a corpus luteum was systematically recorded. A diag-
nosis of corpus luteum was made in the presence of a uni-
locular cyst, less than 3 cm in diameter and with diffusely 

thick-walled and prominent peripheral blood flow (“ring of 
fire” on Doppler) [18]. Those who accepted to cryopreserve 
their oocytes started gonadotropins the same day, while 
those who required more time to take the decision had the 
possibility to refer some days later. In these cases, the ultra-
sound was repeated the day of initiation. For ovarian hyper-
stimulation, a combination of Corrifollitropin, recombinant 
FSH and GnRH antagonists was administered. Women with 
hormone-sensitive breast cancer also had letrozole tablets 
5 mg given daily. Ovulation trigger with GnRH agonists 
was given when at least three follicles reached 18 mm. The 
pre-existing dominant follicle was excluded from this fol-
licle count. That day an in-depth US assessment was per-
formed, and all follicles with a mean diameter ≥ 11 mm were 
recorded. Oocytes were collected 36 h after GnRH agonists 
injection. Oocyte denudation, maturation check, and oocyte 
cryopreservation have been performed 38 h post triggering.

The number of oocytes retrieved as well as the number of 
mature oocytes was counted separately for the two ovaries. 
Clinical history was obtained from patients’ charts. Two of 
the authors with long-lasting experience in gynecological 
sonography (F.F. and E.S.) performed all the scans.

The primary aim of the study was to compare the num-
ber of mature oocytes retrieved between the two ovaries. 
Secondary outcomes were the rate of oocytes retrieved per 
developed follicle, the rate of mature oocytes per developed 
follicle, and the rate of mature oocytes per retrieved oocyte. 
The ovary with dominant follicle or corpus luteum at the 
beginning of the hyperstimulation was defined as active, 
while the other was defined as resting. We stated as clini-
cally relevant demonstrating a lower response in the active 
ovary in at least two-thirds of cases. Setting type I and II 
errors at 0.05 and 0.20 and aiming at a 95%CI of ± 15%, this 
corresponded to about 40 women (http:// www. opene pi. com). 
Statistical analyses were performed using the Statistical 
Package for Social Science (SPSS 23.0, IL, USA). Data were 
described as mean ± SD, median [Interquartile range: IQR] 
or number (%), as appropriate. Shapiro–Wilk test was used 
to verify the normal distribution. The 95% confidence inter-
val (95% CI) of proportions was calculated using a binomial 
distribution model. Intrapatient comparisons between the 
two ovaries were made using the non-parametric Wilcoxon 
test for paired data. P values below 0.05 were considered 
statistically significant.

Results

We ultimately enrolled forty-three women, of whom five 
were also included in our previous study on the quantita-
tive response [14]. Baseline clinical characteristics of the 
selected women are presented in Table 1. Sixteen (37%) 
initiated the stimulation in the proliferative phase (presence 
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of a dominant follicle), whereas the remaining twenty-seven 
(63%) started in the luteal phase (presence of a corpus 
luteum). The outcome of oocytes cryopreservation cycles 
is shown in Table 2. The median number of mature oocytes 
retrieved was 9 [IQR: 6–13].

In the active ovary, a lower number of mature oocytes was 
observed in 26 cases (60%, 95%CI: 46–74%). Moreover, a 
lower number of developed follicles and oocytes retrieved 
in the active ovary occurred in 20 cases (47%, 95%CI: 
33–61%) and 25 (58%, 95%CI: 43–72%) women, respec-
tively. The direct comparison of these variables also failed to 
highlight significant differences. The median [IQR] number 
of mature oocytes retrieved in the active and resting ovaries 
was 4 [2–7] and 5 [2–8], respectively (p = 0.09). The median 
[IQR] number of developed follicles was 7 [5–12] and 6 

[8–12], respectively (p = 0.40). The median [IQR] number 
of oocytes retrieved was 5 [3–9] and 6 [4–9], respectively 
(p = 0.08). These results are illustrated in Fig. 1.

Qualitative analyses aimed at capturing possible detri-
mental effects on the quality of the folliculogenesis did not 
show a significant difference. The rate [IQR] of oocytes 
retrieved per developed follicle in the active and resting ova-
ries was 71% [53–100%] and 76% [57–100%], respectively 
(p = 0.33). The rate [IQR] of mature oocytes per developed 
follicle was respectively 58% [40–80%] and 65% [33–87%], 
respectively (p = 0.42). The rate [IQR] of mature oocytes per 
retrieved oocyte was 83% [72–100%] and 89% [67–100%], 
respectively (p = 0.29).

Table 3 illustrates subgroup analyses according to the 
phase of the cycle. In none of the two groups and for none of 
the variables compared, did a difference between the active 
and the resting ovaries emerge.

Discussion

The present study was conducted to assess the effect of 
dominant follicle or corpus luteum on the quality of ovarian 
response in women with cancer undergoing random start 
protocols for oocytes cryopreservation. The results did not 
show any detrimental effect. Indeed, the number of mature 
oocytes did not differ between the two ovaries. In addition, 
the rate of oocytes retrieved per developed follicle, the rate 
of mature oocytes per developed follicle and the rate of 
mature oocytes per retrieved oocyte were also similar. These 
negative findings persisted even when data were analyzed 
separately according to the phase of the cycle.

Our findings are globally in line with those emerging 
from the recent systematic review of comparative studies 

Table 1  Baseline characteristics in the selected women (n = 43)

N: Number, SD: standard deviation, IQR: interquartile range

Characteristics N. (%) or 
Mean ± SD or 
Median (IQR)

Age (years) 32 [30—36]
BMI (Kg/m2) 21.5 [20.3—24.0]
Smoking 7 (16%)
Previous deliveries 5 (12%)
Seeking pregnancy at the time of cancer diag-

nosis
5 (12%)

Serum AMH (ng/ml) 2.2 [1.3—3.4]
Total AFC 16 [12 - 21]
Indication to oocytes cryopreservation

  Breast cancer 22 (51%)
  Lymphoma 12 (28%)
  Other cancers 9 (21%)

Table 2  Cycle outcomes in the 
selected women (n = 43)

a  In women using corrifollitropin, the doses of 100 and 150 ug were considered equivalent to 1,050 and 
1,400 IU, respectively

Characteristics N. (%) or Mean ± SD 
or Median [IQR]

Cycle phase at initiation of ovarian hyper-stimulation
  Follicular phase 16 (37%)
  Luteal phase 27 (63%)

Total dose of recombinant FSH (IU) a 2,150 [1,925—2,400]
Duration of stimulation (days) 11 [10-12]
N. of women using letrozole 17 (40%)
N. of developed follicles (diameter ≥ 11 mm) 8 [4-11]
N. of oocytes retrieved 12 [7-17]
N. of mature oocytes retrieved (frozen) 9 [6-13]
Rate of oocytes retrieved per developed follicle 78% [60—100%]
Rate of mature oocytes per developed follicle 61% [46—77%]
Rate of mature oocytes per retrieved oocyte 78% [67—100%]
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investigating the effectiveness of random start protocols 
compared to conventional hyperstimulation [13]. This 
meta-analysis documented a slightly higher need for gon-
adotropins (2,688 ± 660 versus 2,576 ± 801 IU, p = 0.002) 
but a similar number of mature oocytes retrieved (13.2 ± 3.7 
versus 12.6 ± 4.0, p = NS). However, the non-randomized 
design of the included studies hampers firm conclusions. In 
this regard, our study design is innovative in this area and 
merits to be underlined. In contrast to comparative studies, 
the intra-patient comparison of ovarian response between 
the two gonads of the same woman allows to overcome 
inter-patient differences and related confounders. This study 
design should be viewed as highly accurate for the evalua-
tion of the detrimental effects of functional cysts. Both dom-
inant follicles and corpora luteum indeed secrete a plethora 
of paracrine factors that could theoretically interfere with 
the normal development of the adjacent follicles [15–17]. 
Indirectly, this evidence further and differently supports the 
validity of random start protocols.

Overall, our data support the validity of random start 
protocols in terms of quality and quantity of ovarian 
response. More data is however needed on the real com-
petence of these oocytes, i.e., on their capacity to lead to a 

healthy pregnancy. In this regard, one must also consider 
possible detrimental effects on uterine function and recep-
tivity. There is for instance emerging evidence that women 
previously exposed to chemotherapy have a higher preva-
lence of preterm birth and low birth weight [19]. Unfor-
tunately, evidence on the chances of live birth in cancer 
survivors with the use of eggs stored at the time of cancer 
diagnosis is scant. A recent systematic review showed that 
most studies were poorly informative case reports [20]. 
Only three case series including 11 [21], 49 [22] and 80 
[23] women were identified. The chances of live birth were 
15%, 29% and 31%, respectively. However, the small sam-
ple size of these case series and the paucity of studies make 
difficult to draw robust conclusions. To note, data were 
not presented separately for women who were treated with 
conventional protocols and for those treated with random 
start protocols.

Albeit indirect, some reassuring findings were obtained 
from other areas. Of relevance here is the observation that in 
dual stimulation cycles (i.e., when a second hyperstimulation 
is initiated immediately after the first oocytes retrieval) the 
blastocyst rate for the two cohort of retrieved oocytes was 
similar [24]. This evidence indirectly supports the validity 

Fig. 1  Ovarian response to 
hyperstimulation in the active 
ovary (represented in white) and 
the contralateral resting ovary 
(represented in gray). The num-
ber of developed follicles, the 
number of oocytes retrieved and 
the number of mature oocytes 
(metaphase II oocytes) did not 
differ

Table 3  Subgroups analyses according to the phase of the cycle at the beginning of the stimulation

Data are reported as median [interquartile range] and compared using the paired nonparametric Wilcoxon test

Subgroups Follicular phase (n = 16) Luteal phase (n = 27)

Active ovary Resting ovary p Active ovary Resting ovary p

Developed follicles 7 [5-9] 8 [6-12] 0.20 8 [5-12] 8 [5-12] 0.88
Oocytes retrieved 5 [3-8] 6 [3-9] 0.21 5 [3-9] 7 [4-10] 0.20
Mature oocytes retrieved 4 [2-6] 4 [1-7] 0.32 4 [2-7] 6 [3-9] 0.18
Rate of oocytes retrieved per developed follicle (%) 78 [58–100] 67 [52–94] 1.00 70 [47–100] 88 [64–103] 0.15
Rate of mature oocytes per developed follicle (%) 59 [42–87] 58 [33–66] 0.50 58 [40–77] 77 [50–88] 0.13
Rate of mature oocytes per retrieved oocyte (%) 83 [67–100] 90 [50–100] 0.72 81 [74–100] 89 [67–100] 0.22
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of random start stimulation in terms of the quality of ovar-
ian response.

Random start protocols have become the standard of 
care for fertility preservation in women with cancer in the 
absence of robust evidence [11, 13]. They provide a signif-
icant advantage in urgent settings of fertility preservation. 
They allow to minimize delays to cancer treatment and 
may create an opportunity to attempt fertility preservation 
for women who previously did not have the chance owing 
to time constraints [25]. However, long-term evidence is 
still needed to definitively corroborate the validity of this 
approach. In the meantime, the scientific community is 
called for pursuing means to investigate this topic actively 
and thoroughly. Our study was designed with this pur-
pose, and the results are reassuring. Larger studies from 
independent groups using our study design or different 
type of investigations (preferably RCTs) are, however, still 
required for a definitive demonstration that quality of the 
retrieved oocytes is not affected.

Some limitations of our study should be recognized. 
Firstly, we could not rule out harmful endocrine effects 
on both ovaries. Both gonads were indeed exposed to the 
same systemic conditions. Randomized controlled trials 
are required to properly address this issue. This study 
design is however difficult to implement in the urgent set-
ting of fertility preservation for cancer [14]. To note, we 
cannot also exclude some pre-chemotherapy detrimental 
effects on ovarian function due to the presence of malig-
nant disorders per se. In this regard, one should note that 
serum AMH was lower than one could expect based on 
the mean age of the studied population [26]. However, 
this possible confounder is not expected to impact our 
conclusions given that these possible negative effects 
should similarly impact both gonads. Secondly, we cannot 
exclude that the ovarian reserve may be higher in active 
compared to resting ovaries. This confounder is in our 
opinion unlikely. The exclusion of women with a history 
of ovarian surgery or carrying benign ovarian cysts and 
the observation that baseline AFC was similar between the 
two ovaries argue against this concern. Thirdly, our sample 
size was relatively small. We included only 43 women, 
hampering precise estimates. On the other hand, the design 
of the study allowed us paired comparisons, thus boosting 
the power of the statistical analyses.

In conclusion, our findings support the idea that ovar-
ian hyperstimulation for fertility preservation can start 
regardless of the ovarian cycle phase without compro-
mising oocyte yield and maturity. However, the results of 
this study should be interpreted by taking into account the 
limitations and underlining the need for further and more 
robust studies.
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