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Abstract
Background  Inflammation is a key feature of neoplastic diseases, especially cancer. Predicting follicular density 
(FD) in ovarian cortical tissue is essential for evaluating ovarian tissue cryopreservation (OTC) outcomes in fertility 
preservation. However, to date, no studies have explored the role of inflammatory markers in predicting FD in OTC 
patients. This study aims to investigate the relationship between blood inflammatory parameters and FD in this 
population.

Methods  We conducted a retrospective observational study on 101 OTC patients. The primary goal was to assess 
whether parameters from Complete Blood Count (CBC) that include White Blood Cells (WBC), absolute neutrophil 
count, absolute lymphocyte count, Neutrophil/Lymphocyte Ratio (NLR), Mean Platelet Volume (MPV), Platelet Count 
(PC), MPV/PC and the Platelet/Lymphocyte Ratio (PLR) could predict FD. We also evaluated the impact of factors such 
as oncological diagnosis, smoking, Body Mass Index (BMI), and germline BRCA mutations. Spearman’s correlation 
coefficient and the Mann-Whitney test were used for analysis.

Results  Significant correlations were found in patients aged between 27 and 31. In this group, NLR was inversely 
correlated with FD (Rho = -0.374, p = 0.032), while lymphocyte count (Rho = 0.371, p = 0.034) and MPV/PC (Rho = 0.365, 
p = 0.037) were positively correlated with FD. An inverse correlation was also found between PLR and FD (Rho = -0.38, 
p = 0.028).

Conclusions  Our findings suggest that NLR, lymphocyte count, MPV/PC and PLR may be useful in predicting FD in a 
subgroup of OTC patients. Larger studies are needed to confirm these results.
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Introduction
Cancer incidence in Adolescents and Young Adults 
(AYAs), aged between 15 and 39, is approximately 
1.3  million cases annually worldwide [1]. In 2020, there 
were 89,500 new diagnoses in the U.S [2]. Among the 
67,692 cancer survivors within this age group in Italy, 
40,700 were women [3]. Fertility preservation is a key 
concern for young women with cancer, as treatments 
like alkylating agents and pelvic radiotherapy can dam-
age ovarian function [4, 5]. A major consequence of 
gonadotoxic therapy is Premature Ovarian Insufficiency 
(POI), which can impair fertility and affect bone and car-
diovascular health, leading to osteoporosis and increased 
thrombotic risk [6, 7]. These issues significantly reduce 
the quality of life for young cancer survivors, making 
oncofertility counseling essential [8, 9].

Several options for preserving ovarian function and 
fertility in cancer patients include GnRH agonists, oocyte 
cryopreservation (OC), embryo cryopreservation (EC), 
ovarian transposition, and ovarian tissue cryopreserva-
tion (OTC) [10]. OTC, while invasive, is the only method 
for prepubertal patients, as it doesn’t require ovarian 
stimulation. It preserves both endocrine function and 
fertility, avoiding delays in treatment for patients need-
ing urgent therapy [11–14]. OTC preserves a significant 
number of primordial follicles in a small volume of ovar-
ian tissue, and immature oocytes can be matured in vitro 
for additional fertility preservation [15–18]. In OTC, part 
or all the ovary is removed via laparoscopy before can-
cer treatment and stored in liquid nitrogen. After treat-
ment, the tissue can be reimplanted orthotopically to 
restore ovarian function or heterotopically to another 
site like the abdominal cavity or under the skin at the 
arm level [19–22]. Each step of OTC and transplantation 
impacts follicle survival. Despite advancements in freez-
ing technology that allow for the survival of many folli-
cles during freezing and thawing [23], studies show that 
transplantation, rather than cryopreservation, causes the 
greatest loss of follicles due to ischemic injury [23, 24]. 
Angiogenesis, necessary for revascularization, takes over 
48  h, leading to ischemic damage and follicle loss [24]. 
Additionally, follicle activation and “burnout” occur in 
OTC grafts, likely due to ovarian homeostasis disruption 
[25–27]. In this context, to compensate for the effects of 
follicle loss, it is clear how crucial a high follicular density 
(FD) related to the patient’s ovarian reserve is to the suc-
cess of the OTC technique, which is why parameters for 
measuring ovarian reserve are used before performing 
OTC. Ovarian reserve refers to the quantity and quality 
of a woman’s remaining oocytes in her ovaries, while FD 

refers to the number of primordial follicles per cubic mil-
limeter (mm³) counted histologically on the ovarian cor-
tical tissue. Age, blood Anti-Müllerian Hormone (AMH) 
level and Antral Follicle Count (AFC) performed within 
the first three days of the menstrual cycle by transvaginal 
ultrasound are considered the most reliable biomarkers 
for assessing ovarian reserve [28]. Since the measurement 
of AMH is reliable on any day of the menstrual cycle and 
it is very useful in OTC patients, who do not require 
hormonal stimulation, they can undergo ovarian tissue 
retrieval just a few days after counseling, provided that 
the AMH value is adequately high. Regarding the cut-off 
value used in other centers, an AMH level of at least 1 
ng/ml at our Institute is considered indicative of good 
ovarian reserve for performing OTC, along with patients 
39 years or younger. Nevertheless, there are several 
endogenous and exogenous factors that may influence 
serum AMH levels hindering the proper interpretation 
of its values in the clinical setting such as recent (up to 
three months) use of oral contraceptive pills, smoking 
habits, obesity, and low-vitamin D levels [29, 30]. More-
over, the absence of an international gold standard for 
AMH prevents a definite assessment of which patients 
can be included in the OTC program [31, 32]. Identifying 
other predictive parameters of FD would be very useful. 
Recent studies focusing on the correlation between cir-
culating and local inflammation parameters and ovarian 
response to in vitro fertilization (IVF) techniques, are not 
absent of controversial results [33–35]. Increasing evi-
dence reports that inflammation is correlated with vari-
ous ovarian dysfunctions, such as POI, Polycystic Ovary 
Syndrome (PCOS), and ovarian aging, where it has been 
suggested as a possible contributing factor to the early 
decline in women ovarian reserve [36–40]. Particularly, 
in cancer patients, it is well-established that the level of 
inflammation correlates with both the presence and the 
stage of neoplastic disease [41, 42]. In this context, the 
aim of our study is to investigate whether the inflamma-
tory parameters derived from the Complete Blood Count 
(CBC), which is routinely performed on cancer patients 
before OTC, could serve as predictive markers of FD or if 
any of these parameters are correlated with a decrease in 
ovarian reserve in these patients. Having easily detectable 
markers that help determine the actual ovarian reserve 
status of a patient undergoing OTC would be essential 
for predicting the outcome of the procedure and for eval-
uating the feasibility and benefits of the procedure for 
each patient. To the best of our knowledge, studies have 
yet to investigate the relationship between blood inflam-
matory markers and FD in OTC patients and hoping that 
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our findings will provide new insights and contribute to 
the evaluation of ovarian reserve in selecting candidates 
eligible for OTC.

Materials and methods
Study design and participants
This is a retrospective observational study based on data 
collected from a cohort of oncological patients who 
underwent OTC for fertility preservation in the period 
between January 2017 and March 2023 at the Ovarian 
and Germ Cell Tissue Bank of the IRCCS Regina Elena 
National Cancer Institute in Rome.101 patients were 
included in our study. The inclusion criteria involved: 
having undergone OTC, having a CBC available prior 
to the procedure, and having FD count performed on 
fresh cortical tissue. From the CBC performed prior to 
OTC, we selected parameters of interest that are associ-
ated with inflammation: White Blood Cell count (WBC), 
absolute neutrophil count, absolute lymphocyte count, 
Neutrophil/Lymphocyte Ratio (NLR), Mean Platelet 
Volume (MPV), Platelet Count (PC), MPV/PC and the 
Platelet/Lymphocyte Ratio (PLR). We examined the cor-
relation between these parameters with respect to FD. 
For each patient, we also collected the AMH value deter-
mined at the time of OTC. Data concerning Body Mass 
Index (BMI), smoking habits, and germline BRCA status 
were collected when available and their correlation with 
FD was also evaluated.

Ovarian tissue retrieval
Ovarian tissue harvesting was performed by minimally 
invasive surgery (laparoscopy or percutaneously assisted 
laparoscopy) where part of the harvested tissue was histo-
logically examined. All procedures for preparing culture 
solutions and tissue handling during freezing and thaw-
ing were performed under a class A laminar flow hood 
with a grade D background environment according to the 
manufacturer’s guidelines (Legislative Decree No. 191 of 
November 6, 2007; Legislative Decree No. 16 of January 
25, 2010; and Legislative Decree No. 85 of May 30, 2012.) 
The harvested tissue was immediately immersed in ster-
ile transport medium at 0–4  °C after surgery (Flushing 
Medium, Cooper Surgical, Origio) which were then sent 
directly to the laboratory from the operating theatre for 
processing. Once the Lab received the ovarian tissue, 
it was placed in a 90 mm Petri dish containing 10 ml of 
sterile 0.9% saline solution. The ovarian cortical was then 
isolated under the flow hood using anatomical forceps 
and scalpel. The saline was regularly replaced during the 
procedure. Following removal of the medullary tissue, 
the tissue was trimmed to 1–2 mm thickness and cut into 
fragments measuring 5 × 10 mm. The standardized freez-
ing protocol validated in the Laboratory of Reproductive 

Biology at “Rigshospitalet” (Copenhagen University Hos-
pital) was used for the OTC procedure [19].

Histological processing and FD assessment
A small piece of ovarian cortex was separated from the 
fragments for cryopreservation and freshly fixed in 
Bouin’s solution for 10/15 hours and histological pro-
cessed in a ASP6025 Leica Biosystems automatic tissue 
processor. Once the paraffin tissue block was obtained, 
sequential 25-micron thick sections were cut using 
a Leica Biosystems sliding microtome. The sections 
obtained were stained with hematoxylin/eosin using an 
automatic stainer, Histo Core SPECTRA ST (Leica Bio-
systems). All the slides with stained sections were digi-
tally captured using an Aperio AT2 image scanner (Leica 
Biosystems). Primordial follicles (oocytes surrounded by 
a single layer of squamous follicular cells) were counted 
in every second section to avoid counting the follicles 
twice. The area was subsequently evaluated once every 
four sections using the area measurement feature of the 
Aperio scanner. Any data related to follicle count and 
area measurements were combined on an Excel software, 
through which FD was calculated in terms of number of 
follicles per square millimeter of cortical tissue.

Data collection
Clinical data were obtained from patient electronic medi-
cal records stored at the IRCCS Regina Elena National 
Cancer Institute of Rome and included demographic and 
clinical information, oncological diagnosis, and CBC val-
ues. NLR, PLR, and MPV/PC were calculated as the ratio 
between the specific parameters. Data related to AMH, 
weight, and height for BMI calculation were extracted 
from the medical report written during the first oncolog-
ical fertility counseling visit. The data regarding the FD 
was collected from the database of the Pathology Unit.

Statistical analysis
Categorical variables were summarized with frequencies 
and percentage values while continuous variables were 
summarized with median values and relative range or 
tertiles. We decided to divide age into tertiles to find a 
better compromise between the sample size and a cut-off 
that made sense with such an age-dependent outcome as 
FD.

The Mann-Whitney and the Kruskal-Wallis nonpara-
metric tests were used, when appropriate, to compare FD 
values and AMH values among different groups, which 
include age tertiles and type of cancer, BMI, smoking sta-
tus and germline BRCA status for breast cancer patients. 
Bonferroni’s adjustment for multiple comparisons was 
applied when needed. Furthermore, we stratified the 
sample by age tertiles and tested the correlation between 
blood values and FD by using Spearman nonparametric 
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correlation test. A p-value < 0.05 was considered statisti-
cally significant. All statistical analyses were carried out 
with SPSS (IBM) v.29.0.1. A p-value of < 0.05 was consid-
ered statistically significant.

Results
Patients
In this study, 101 patients were included; their demo-
graphic, clinical and laboratory data are reported in 
Table 1.

Our study cohort consists of patients ranging from 10 
to 39 years. We stratified the sample by age tertiles: group 
1 includes patients up to 27 years old, group 2 up 28 to 
31 years old, and group 3 over 31 years old, as shown in 
Table 1. Regarding the cancer diagnosis, among the 101 
patients, 58 (57%) had breast cancer, 16 (16%) had sar-
coma, and the remaining 27 (27%) of patients had mixed 
diagnoses (11 lymphomas, 8 cervical cancer, 1 rectal can-
cer, 1 anal cancer, 1 vulvar cancer, 1 medulloblastoma, 1 
endometrial cancer, 1 yolk sac tumor, 1 desmoid tumor, 
1 nasopharynx cancer). The median age at the time of 

OTC was 29 years (ranging between 10 and 39 years). FD 
assessed on a fresh ovarian cortical fragment from each 
patient varied from 0 to 117 follicles/mm3, median FD 
resulted 9.4 follicles/mm3. All median values observed in 
our patients for the parameters analyzed are reported in 
Table 1. Germline BRCA testing was available for 52/56 
(91%) of breast cancer patients. Of these 51 patients, 12 
were mutated for BRCA1/2 and 39 resulted to be wild 
type (data not shown).

Correlation between blood parameters and FD
No significant differences were observed in group 1 (10–
27 years) and group 3 (31–39 years) when blood param-
eters and FD were compared. In group 2 (28–31 years), 
no correlation was found between WBC, absolute neu-
trophil count, absolute lymphocyte count, PC, and the 
PLR with respect to FD. However, in this group, a signifi-
cant inverse correlation was noticed between increased 
NLR and FD (Spearman’s Rho = -0.374 p = 0.032). Inter-
estingly, a significant inverse correlation was pinpointed 
between PLR and FD (and Spearman’s Rho= -0,38 
p = 0,028). Moreover, a significant direct correlation was 
found between lymphocytes level and FD (Spearman’s 
Rho = 0.371 p = 0.034) and between MPV/PC and FD 
(Spearman’s Rho = 0.365 p = 0.037).

FD and AMH values in relation to patient’s age
As expected, FD significantly decreases with age at OTC, 
both when considering all patients (p < 0.001) and when 
comparing group 1 vs. group 2 and group 1 vs. group 3 
(p < 0.001). Interestingly, the difference between group 2 
and group 3 is no longer significant (p = 0.367) (data not 
shown).

Yet, we did not observe any differences in AMH distri-
bution among age at OTC class neither overall (p = 0.141) 
nor when we conducted sub-comparisons.

Relation between oncological diagnosis and FD, AMH and 
blood parameters
The median values of FD, AMH, and blood parameters 
regarding oncological diagnosis are shown in Table 2. We 
observed statistically higher FD values in patients diag-
nosed with sarcoma compared to patients harboring with 
breast cancer or other neoplasms (p < 0.001).

Relation between BMI, smoking habits and BRCA status 
and FD
No significant correlation was observed between BMI, 
smoking habits and BRCA status and FD.

Discussion
The main aim of our study was to evaluate the relation-
ship between inflammatory CBC-derived parameters and 
FD in a cohort of OTC oncological patients who were 

Table 1  Patient characteristics
Characteristics Number (N) Per-

cent-
age 
(%)

N° of patients 101
Age at diagnosis (years)
Group 1–10-27 (1st tertile) 34 34
Group 2–28-31 (2nd tertile) 33 32
Group 3–31+ (3rd tertile) 34 34
Type of cancer
Breast Cancer 58 57
Sarcoma 16 16
Other 27 27
Median age at OTC (years) (range) 29.0 (10–39)
Median FD (Follicles/mm3) (range) 9.40 (0-117.0)
Median AMH Value (ng/ml) (range) 2.48 (1-27.60)
Median MPV/PC (range) 0.036 

(0.020–0.089)
Median MPV (fL) (range) 9.00 (7.20–12.70)
Median NLR (range) 2.1 (0.6–20.2)
Median PLR (range) 129.9 (45.3–570.0)
Neutrophil count (x103/µl) 3.72 (1.80–14.50)
Median PC (x103/µl) 252 (135–437)
Median Lymphocyte count (x103/µl) 1.85 (0.60–6.44)
Median WBC (x103/µl) 6.44 (3.61–17.44)
BMI*
Not overweight 79 78
Overweight 21 21
* 1 missing value

Abbreviations: OTC, ovarian tissue cryopreservation; FD, follicular density; AMH, 
anti-müllerian hormone; MPV, mean platelet volume; PC, platelet count; NLR, 
neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; PC, platelet 
count; WBC, white blood cells count; BMI, body mass index.
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stratified by age tertiles to identify potential new param-
eters that are useful for predicting tissue FD. To the best 
of our knowledge, while recent studies have focused on 
investigating the relationship between systemic (periph-
eral blood) and local (ovarian tissue) inflammation 
markers to determine whether these markers could be 
predictive of ovarian response during in vitro fertilization 
(IVF) treatments, ours is the first study that considers the 
relationship between blood inflammatory markers and 
tissue FD in cancer patients undergoing OTC.

A strong correlation between inflammation and cancer 
has been demonstrated. Inflammation has been asso-
ciated with both the development and progression of 
cancer, and inflammatory cells and cytokines found in 
tumors contribute to tumor growth and progression [41, 
42]. Since inflammation seems to play a role in both fol-
licular development and ovarian aging [37–40, 43, 44], 
we wondered whether inflammatory parameters derived 
from CBC, which are easily measurable, could provide 
insight into the FD of patients undergoing OTC. As spec-
ified in the methods section, the parameters analyzed in 
our study were WBC, absolute neutrophil count, abso-
lute lymphocyte count, NLR, MPV, PC, MPV/PC and the 
PLR. No correlations were found in group 1 and group 
3. In group 2, we first observed a statistically significant 
inverse correlation between NLR and FD (Spearman’s 
Rho = -0.374 p = 0.032). Consistent with our results, 
also Ilhan et al. found that NLR values were significantly 
higher in 37 POI patients in respect to 37 control patients 
having normal ovarian reserve [36]. The study also 
reported a direct correlation between NLR and Follicle 
Stimulating Hormone (FSH), a marker of ovarian insuf-
ficiency and an inverse correlation between NLR and 
AMH, thus highlighting an inverse correlation between 
NRL and ovarian reserve. NLR is a known biomarker 
of systemic inflammation that can be readily obtained 

from a peripheral CBC. An elevated NLR is often asso-
ciated with an active inflammatory state, as it indicates 
a relative increase in neutrophils (which reflect an acute 
inflammatory response or infection) and a decrease in 
lymphocytes (which may reflect modulation or suppres-
sion of the adaptive immune response). In group 2, we 
also found a weak but statistically significant direct cor-
relation between MPV/PC compared to FD (Spearman’s 
Rho = 0.365 p = 0.037). A study by Hong et al. assessed 
the role of inflammatory markers in predicting ovarian 
stimulation response, specifically the number of oocytes 
recruited, in 91 breast cancer patients undergoing IVF. 
The study found no correlation between NLR and the 
number of recruited oocytes after ovarian stimulation 
and oocyte retrieval. Hong et al. reported that the total 
number of mature oocytes recruited after stimulation 
was higher in patients with an MPV ≥ 10.15 compared to 
those with MPV < 10.15, and that a lower MPV/PC was 
associated with a lower number of oocytes recruited 
[34]. However, while the data regarding MPV/PC seems 
to concur with Hong et al., the correlation between MPV 
and FD in our study was not statistically significant. In 
contrast, Ozgu-Erdinc et al. investigated the potential 
role hematological markers play in predicting IVF out-
comes, particularly the relationship between WBC, NLR, 
Monocyte/Lymphocyte Ratio (MLR), PLR, MPV, and 
Platelet Distribution Width (PDW) in predicting a posi-
tive Human Chorionic Gonadotropin test (HCG) after 
ET, without finding any correlation [35].

Moreover, a weak inverse correlation was finally found 
between PLR and FD (Rho − 0.38, p = 0.028) in group 2 of 
our study. Platelets are primarily involved in the process 
of hemostasis, but they also play an important role in the 
inflammatory response. During inflammation, platelets 
are activated and release several inflammatory media-
tors, such as cytokines, which amplify the inflammatory 

Table 2  Follicular density and blood parameters by cancer site
Breast Cancer (BC) Sarcomas

(S)
Other site
(O)

Overall 
p-value*

Significant** 
pairwise 
comparisons

Median FD (Follicles/mm3) (range) 6.7 (0.3–71.8) 51.0 (5.9–109.0) 9.7 (0-117.0) < 0.001 BC vs. S p < 0.001
O vs S p=0.001

Median AMH Value (ng/ml) (range) 2.4 (1.1–14.4) 3.3 (1.0-6.2) 2.4 (1.2–27.6) 0.656
Median MPV/PC (range) 0.04 (0.02–0.09) 0.04 (0.02–0.06) 0.03 (0.02–0.71) 0.016 BC vs. O p = 0.012
Median MPV (fL) (range) 9.1 (7.6–12.7) 8.8 (7.2–12.2) 9.1 (7.4–11.3) 0.431
Median NLR (range) 2.0 (0.6–14.8) 2.4 (1.0-4.9) 2.3 (0.9–20.2) 0.258
Median PLR /range) 120.5 (45.3–41.3) 129.9 (78.9–20.6) 172.7 (49.0-570.0) 0.042 BC vs. O p = 0.037
Neutrophil count (x103/µl) 3.7 (1.8–11.1) 4.2 (2.1–9.9) 3.9 (2.6–14.5) 0.329
Median PC (x103/µl) 243.0 (135.0-339.0) 246.0 (150.0-369.0) 284.0 (150.0-437.0) 0.016 BC vs. O p = 0.012
Median Lymphocyte count (x103/µl) 1.9 (0.7–6.4) 1.9 (1.3–2.8) 1.6 (0.6–3.6) 0.195
Median WBC (x103/µl) 6.4 (4.2–13.5) 6.6 (4.1–13.2) 7.4 (4.5–17.4) 0.435
*Kruskal-Wallis non parametric test; ** Adjusted for multiple comparisons (Bonferroni)

Abbreviations: AMH, anti-müllerian hormone; MPV, mean platelet volume; PC, platelet count; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; 
PC, platelet count; WBC, white blood cells count.
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response. During the development of an acute or chronic 
inflammatory response, the number of lymphocytes 
may decrease, while other cells, such as neutrophils, 
may increase. An increased PLR (i.e., high platelet and 
low lymphocyte count) has been associated with several 
inflammatory and chronic pathological conditions, such 
as cancer, cardiovascular disease, autoimmune disease, 
and inflammatory disorders [45]. The inverse correlation 
between PLR and FD could therefore confirm a decrease 
in ovarian reserve concerning an inflammatory state. 
Even though there is no literature supporting this asso-
ciation, further studies are needed. A significant direct 
correlation was found between lymphocytes and FD in 
group 2 (Spearman’s Rho = 0.371 p = 0.034), but this result 
needs to be further investigated with additional studies. 
For example, an important aspect could also be to char-
acterize the circulating lymphocytes, as Zhao et al. did at 
the level of the ovarian follicular fluid (FF) of non-onco-
logical patients with diminished ovarian reserve (DOR) 
[38, 39]. Zhao’s studies demonstrated that the local 
altered proportion of CD8 + T lymphocytes, along with 
elevated levels of CCL5 and IFN-γ cytokines, may disrupt 
the immune balance in FF and hinder granulosa cell (GC) 
growth, thereby contributing to the progression of DOR. 
Therefore, for future studies, it is important to character-
ize the lymphocyte subpopulations in our patient popula-
tion to better understand the mechanisms that may link 
lymphocytes and ovarian reserve in OTC cancer patients.

Regarding the influence of disease type on FD, a higher 
FD was found in patients diagnosed with sarcoma com-
pared to patients diagnosed with breast cancer (p < 0.001) 
as well as between sarcoma patients and the rest of the 
cohort (p < 0.001). This result may possibly be brought 
about by the fact that sarcoma patients are younger than 
all other patients, and since FD is age-related, they also 
have a higher ovarian reserve.

With respect to the influence of BMI, smoking hab-
its, and the presence of BRCA 1/2 mutations, we found 
no statistically significant differences in FD within our 
patient cohort. Regarding the association between BMI 
and ovarian reserve, our findings are in line with those 
of Oladipupo et al., who also found no significant cor-
relation between BMI and decreased ovarian reserve 
[46]. Similarly, Dolleman et al. did not observe a signifi-
cant link between BMI and reduced ovarian reserve, as 
assessed by AMH levels [47]. On the contrary, a recent 
study by Yuan-Li Li et al. reported significantly lower 
AMH levels in overweight and obese individuals com-
pared to those who had normal weight (p < 0.001) [48]; 
in this cited study, statistical significance was only 
found in the 20–30 and 30–35 age groups, while no dif-
ference was observed in those aged between 35 and 45 
years (P = 0.430). As to the relationship between smok-
ing habits and FD, it is important to note that smoking 

data was incomplete for some patients, and the number 
of cigarettes smoked per day, or smoking duration was 
not always reported, which may limit the strength of our 
results. The relationship between smoking and ovarian 
reserve has been widely studied, often using AMH lev-
els as a parameter, showing contradictory results [49–52]. 
The previously cited study by Oladipupo et al. found no 
association between current smoking (measured by uri-
nary cotinine) and diminished ovarian reserve (DOR), 
while a history of heavy and prolonged smoking did show 
a significant impact on ovarian reserve [46]. The same 
study also highlighted the role of N-acetyltransferase2 
(NAT2) polymorphisms, which may increase the dam-
age from smoking and affect ovarian reserve. Dolleman 
et al. found that current smoking was inversely correlated 
with age-adjusted AMH levels, regardless of the num-
ber of cigarettes smoked [47]. Finally, our study aimed to 
evaluate the correlation between BRCA status and FD, 
as several studies over the past decade have highlighted 
that germline BRCA mutations, particularly BRCA1, may 
be linked to decreased ovarian reserve, reduced fertility, 
and POI. Research on the relationship between BRCA1/2 
mutations and ovarian reserve has yielded different 
results [53–56]. Some studies have specifically analyzed 
the link between germline BRCA mutations and FD. For 
example, Irit Bene-Ahron et al. compared ovarian tissue 
from women with BRCA mutations undergoing prophy-
lactic oophorectomy to an age-matched control group 
undergoing partial oophorectomy for benign conditions, 
finding a decrease in primordial follicles in BRCA carri-
ers [57]. Lambertini et al. found that, in patients under-
going oocyte or OTC, immature oocytes collected from 
ovarian tissue fragments before cryopreservation showed 
a significant decrease in BRCA mutation carriers com-
pared to non-carriers [54]. However, other studies have 
not shown a significant difference in ovarian reserve 
between women with and without BRCA mutations [55, 
58]. These findings are in line with our study, although 
the small number of BRCA mutation carriers in our sam-
ple warrants further research, given the importance of 
this topic. 

To the best of our knowledge, ours is the first study 
to explore the relationship between smoking, BMI, and 
ovarian reserve, specifically assessed by FD in tissue.

In our patient cohort, we also observed how both FD 
and AMH vary in relation to age. As expected, we found 
a statistically significant decrease in FD with increas-
ing age. This is true when considering both the entire 
patient population as well as when dividing the patients 
into different age groups. We found that this decrease 
was statistically significant when group 1 (up to 27 years) 
and group 2 (27–31) were compared, while the decrease 
observed when comparing group 2 with group 3 (older 
than 31 years) was not considered statistically significant. 
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This observation could reflect a further drastic decline 
in the ovarian reserve in younger patients compared to 
those of intermediate age, as opposed to the two older 
patient categories. Compliant with this observation, it 
is well known that the decline in ovarian reserve does 
not follow a complete linear pattern, but rather presents 
intermittent decreases. Interestingly, we did not find any 
significant decreases between AMH levels and age in 
our patient cohort. This result may possibly confirm that 
AMH values can be influenced by various parameters, 
however further research is needed to explore this area in 
the near future.

Our study has several limitations. The first limitation 
of our study is its retrospective observational nature, 
which, for example, did not allow to include other inflam-
mation markers, both serum and in the follicular fluid, 
which would have enriched the study. Another signifi-
cant limitation lies in the variability of the study popula-
tion, particularly regarding age and cancer pathology. We 
attempted to minimize the effect of these differences by 
stratifying patients based on age and histological diag-
nosis. However, a more homogeneous population would 
likely yield more consistent results. On the other hand, 
the heterogeneity of our sample may also be seen as a 
strength, as it better reflects real-life clinical situations. 
Finally, the most relevant outcomes for fertility preserva-
tion are pregnancy and live birth rates. However, since 
none of our patients have undergone ovarian tissue auto-
transplantation thus far, these parameters could not be 
used as primary outcomes.

Conclusions
Our study suggests that certain inflammation markers, 
specifically NLR, lymphocytes, MPV/PC and PLR may 
be correlated with ovarian FD in a subgroup of OTC can-
cer patients of intermediate age. However, these findings 
need to be confirmed by future studies. As to the influ-
ence of pathology type, BMI, smoking habits, and BRCA 
mutations, no significant correlation with FD was found 
in our study.
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