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Abstract

Introduction: Anti-Miillerian hormone (AMH) is shown to be a possible indicator of ovarian func-
tion. Severe systemic lupus erythematosus (SLE) patients exposed to high-dose cyclophosphamide
(CTX) have a much higher risk of developing infertility and premature ovarian failure. Therefore,
we performed a prospective case-control study to evaluate the impact of SLE on women’s ovarian
reserve using AMH before CTX therapy. Methods: SLE patients before receiving CTX therapy were
enrolled in our hospital. Age-matched healthy women were served as controls. Serum AMH level
was measured using an enzyme-linked immunosorbent assay. Basal hormone levels were meas-
ured including follicle-stimulating hormone, luteinizing hormone, and estradiol on the third day of
their menstrual periods. All participants underwent transvaginal ultrasonographic examination
for the determination of total antral follicle count on the third day. Results: AMH value in SLE pa-
tients was significantly lower compared to healthy control with normal ovarian reserve. No signif-
icant difference in AMH levels was found between SLE and healthy control with low ovarian re-
serve. Conclusions: SLE patients not receiving CTX therapy even with normal menstruation, still
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had an impaired ovarian reserve. Therefore, early monitoring of AMH levels could better reflect
the ovarian function and reproductive outcomes of SLE patients and relative protective strategy
needed to reserve fertility.
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1. Introduction

Ovarian reserve is a key determinant of fertility preservation and endocrine function of reproductive-aged
women. At present, potential predictions of ovarian reserve include age, Follicle-stimulating hormone (FSH) at
early follicular phase (Day 2 - 5), Luteinizing hormone (LH), Estradiol (E2), Inhibin B, Antral follicle count
(AFC) and AMH. Among them, serum AMH can help evaluate the progression of ovarian senescence, as it is
independent of hypothalamic-pituitary-gonadal axis role and will decrease to undetectable levels at menopause
[1]. For example, serum AMH levels correlate with the extent of gonadal damage in cancer survivors [1].

Systemic lupus erythematosus (SLE) is a chronic autoimmune systemic disease that mainly affects women of
reproductive age (20 to 40). Theoretically, pulsed intravenous cyclophosphamide (CTX) is considered as stan-
dard therapy for severe SLE. Unfortunately, emerging data have shown that ovarian reserve and fertility are di-
minished even in the mild disease, indicating a direct impact of SLE itself on ovarian function [2]. Further se-
vere impact in SLE patients is the therapy strategy using alkylating chemotherapy agent CTX. For example, the
frequency of SLE patients with Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) > 8 is found
to be significantly higher in patients with irregular cycles than those with regular cycles, indicating that the high
SLEDAI levels are associated with impaired ovarian function [3].

While the therapy rate of CTX on SLE is substantial, many concerns are about its side effects or toxicity. In
addition to the immuno-suppression, bone marrow suppression, alopecia, hemorrhagic cystitis and malignancy,
ovarian failure is an important side effect associated with the use of CTX. Other research shows that, the sub-
clinical impairment of ovarian reserve can be found in the SLE patients, even with normal menstruation and
short illness duration [4]. Specifically, the risk of sustained amenorrhea or ovarian failure depends on the age of
SLE patients and the cumulative dose of CTX [5]. Therefore, this study aims to monitor ovarian function of SLE
patients comprehensively by monitoring the AMH levels before CTX treatment.

2. Materials and Methods
2.1. Subjects

This study was approved by the Institutional Review Board of Peking University Shenzhen Hospital, and in-
formed written consent was obtained from all the individuals. Twenty-seven severe SLE female patients were
not receiving CTX treatment before and enrolled in our hospital between Match 2013 and December 2014 (as
Group A). At the same time, 50 healthy patients were also recruited as control, with a mean age that matched
with the Group A. The control was further divided into two groups: Group B with low ovarian function (n = 18)
and Group C with complete ovarian function (n = 32). Classification criteria of Group B and C was based on
concomitant assessments by measuring hormone serum levels, including FSH, LH and E, during the follicular
phase (second to fifth day) of menstrual cycle and evaluating AFC (approximate diameter: 2 - 9 mm) by vaginal
ultrasound. Specifically, Group B with decline in ovarian reserve (DOR) was defined as FSH>10IU/L and bila-
teral AFC < 6.

All the patients and control volunteers were <40 year old, and had a normal menstrual cycle (defined as flow
duration of 3 - 7 days and cycle duration of 21 - 35 days). Treatment with the following drugs was allowed in
patients of Group A, including glucocorticosteroids, mycophenolate mofetil, hydroxychloroquine and metho-
trexate. None of the patients was diagnosed with polycystic ovarian syndrome, or had a history of ovarian sur-
gery or previous cytotoxic drug therapy. Age of onset, duration of illness, SLEDAI, current medications and

previous treatment were recorded.
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2.2. Serum AMH Assays

The AMH serum level was measured using a repeated enzyme-linked immunosorbent assay (Human anti-
Miillerian hormone ELISA Kit, CSB-E12756h, Biotechnologies, Inc., CHN). AMH normal range was in 1 - 8
ng/mL, while value <1 ng/mL was regarded as reduced. All the serum samples were tested at the same time to
minimize day-to-day assay variation. Intra- and inter-assay coefficients of variation were limited to 3.0% and
6.0%, respectively.

2.3. Statistical Analysis

Statistical analyses were performed using the social sciences (SPSS) software package (ver. 13.0; SPSS Inc.).
Values were expressed in mean + S.E.M. Differences in data between groups were determined using one-way
analysis of variance. For all the analyses, P < 0.05 was defined as statistically significant.

3. Results

As shown in Table 1, the average age and mean duration of illness in the SLE patients were 28 years (27.9 +
5.50) and 15 months (15.0 + 9.70), respectively. The mean SLEDAI in the SLE patients was 12.1 £ 1.6 (Table
1). Clinical characteristics of 27 SLE patients included renal disease, pulmonary hypertension, arthritis and vas-
culitis, and CTX treatment would be needed. They had the history of corticosteroids prednisone (1 mg/kg/d)
treatment. And 23 cases had been treated with other immunosuppressive drugs (single or combined) (Table 1).

The average age was similar between the study and control groups (P = 0.053, Table 2). The decline in ova-
rian reserve (DOR) is defined as FSH > 10 IU/L and bilateral AFC < 6. The basal average levels of serum FSH
were comparable between SLE patients (Group A, 13.05 + 1.94) and Group B (13.94 + 2.27), but both were sig-
nificantly higher than normal control with complete ovarian function (Group C, 6.54 + 1.57, P < 0.01, Table 2).
The value of total AFC was similar between SLE patients (Group A, 4.48 + 1.48) and Group B (4.39 + 1.68),
and both were significantly lower than Group C (11.03 £ 2.12, P < 0.01, Table 2). As shown in Table 2, the le-
vels of serum LH and E, were comparable between the three groups (P > 0.05).

Notably, as shown in Figure 1, the AMH level in SLE patients (Group A, 2.07 £ 0.34) was slightly higher
than Group B (1.22 £+ 0.14, P > 0.05), but was significantly lower than Group C (4.79 + 0.42, P < 0.001). It was
indicated that the ovarian reserve function may be lower in the patients with severe SLE patients, even with
normal menstruation. And the SLE patients had comparable ovarian reserve function with DOR. Therefore, ear-
ly monitoring of AMH could better reflect the ovarian reserve and reproductive outcomes of female patients
with SLE.

Table 1. Clinical characteristics of 27 SLE patients.

Values

Mean age (years) 279+55
Mean duration of disease (years) 15.0+9.7
Mean SLEDAI 121+1.6
SLE clinical features

Nephropathy 17 (62.9%)

Pulmonary hypertension 5 (18.5%)

Arthritis 13 (48.1%)

Vasculitis 11 (0.7%)
Corticosteroid therapy (current use) 27 (100%)
Other previously used immunosuppressive drugs

Anti-malaria therapy 23 (85.1%)

Mycophenolate mofetil 12 (44.4%)

Methotrexate 5 (18.5%)

Azathioprine 0 (0%)

Cyclophosphamide (CTX) 0 (0%)
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Figure 1. Comparison of AMH levels in three groups. Note: A, SLE
patients; B, Control with low ovarian reserve; C, Control with com-
plete ovarian reserve. P < 0.001, compared with Group C.

Table 2. Comparison of ovarian reserve function in three groups.

Groups n Age FSH (1U/L) LH (IU/L) E, (pg/ml) AFC (bilateral)
A 27 27.9+55 13.05 +1.94™ 6.30 +2.27 42.48 +7.96 4.48 +1.48™
B 18 30.1+4.4 13.94 £2.27™ 6.22 £2.72 41.41+9.85 439 +1.68"
c 32 26.8+35 6.54 + 1.57 6.32 + 257 41.66 +11.11 11.03+2.12

Note: A, SLE patients; B, Control with low ovarian reserve; C, Control with complete ovarian reserve. P <0.01, compared with Group C.

4. Discussion

With the increase of long-term survival rate of SLE patients, the problem of how to protect the fertility of female
patients and improve the quality of life is increasingly concerned [6]. Severely ovarian function and other re-
productive failures in SLE patients caused by subsequent CTX therapy would need more protective strategies to
preserve their fertility [5] [7]. However, no effective real-time monitoring methods are available to evaluate their
fertility and age of menopause. Furthermore, no accepted definition of decreased ovarian reserve is formulated
now. Therefore, a better, sensitive and specific method would be needed to monitor the ovarian reserve function
in the early stage of SLE treatment, so as the clinician can initiate SLE patients’ ovarian protection as early as
possible. Previous observations indicated that fertility-preservation options can be offered to some patients with
cancer and those at risk of early menopause, such as those with familial cases of primary ovarian insufficiency.
In most cases, premature ovarian failure (POF) exists in SLE female patients because of autoimmune ovarian
inflammation or damage caused by specific antibodies due to SLE [8]. Specifically, some unknown mechanism
leads to steroid autoimmune lymphocytic ovarian inflammation in SLE patients, resulting in the infiltration of
autoimmune antibody into ovarian follicular membrane, even with normal ultrasound appearance in the sinus
follicle. Moreover, ovarian dysfunction such as a primary ovarian insufficiency can also be found in SLE
patients, as well as multiple glandular syndrome, myasthenia gravis or rheumatoid arthritis [9] [10]. The disord-
er usually leads to sterility, and has a large effect on reproductive health. Available evidence concerning the
performance of ovarian reserve tests is limited by small sample sizes, heterogeneity among study design, ana-
lyses and outcomes, and the lack of validated outcome measures. Therefore, it is not wise to initiate the fertility
protection just using menstrual cycle changes, because they often occur in the late stage of premature ovarian
failure. Currently, the ovarian reserve function in SLE patients is evaluated using basal FSH, LH, E, and AFC
[11]. Among them, the ultrasound AFC was the most reliable test to show the menstrual irregularity and nega-
tively correlated with age. Furthermore, it can more accurately reflect the ovarian reserve function of patients
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with SLE than FSH, E,, LH and ovarian volume. Therefore, ovarian reserve function of the SLE patient can be
monitored preliminarily by AFC [12].

Administration of chemotherapy to premenopausal women shortens their reproductive lifespan by depleting
non-renewable oocytes. Cytotoxic treatment may accelerate depletion of the primordial follicle pool, leading to
impaired fertility and premature menopause. Preservation of fertility is a priority for such women, so identifica-
tion of women at risk of infertility is important. However, age is the only patient characteristic currently recog-
nized to be predictive of long-term ovarian function after chemotherapy. Pretreatment serum AMH, FSH, antral
follicle count, and age predicted late ovarian activity by univariate analysis. Instead, only AMH was predictive
in a multivariate logistic regression. Measurement of AMH at cancer diagnosis predicts long-term ovarian func-
tion after chemotherapy. Use of this in clinical practice may allow better prediction of chemotherapy-related risk
to future fertility. Data from the malignant tumor patients after chemotherapy, pretreatment serum AMH can
predict the ovarian reserve function compared to FSH or AFC [13] [14]. AMH is therefore a clinically useful
marker of damage to the ovarian reserve in girls receiving treatment for cancer. Because the AMH is secreted by
the non-selected follicles (Grade two, sinus and early sinus) with <6 mm of the diameter, reflecting directly the
size of follicle pool [1]. Moreover, since AMH reflects the number of follicles in the sinus and is not affected by
the gonadotropin, the relative stability between the follicular cycle and the cycle is not changed. Therefore, it is
a more reliable prediction of ovarian reserve. In this study, the pretreatment FSH level in severe SLE patients
was significantly higher than that in healthy control with normal ovarian reserve, but similar to that in control
with low ovarian reserve. Nevertheless, the pretreatment AFC and AMH were significantly lower than those in
control with normal ovarian reserve, while slightly higher than those in control with low ovarian reserve. FSH,
AMH and AFC were detected in the early follicular phase of the SLE female patients with normal menstrual re-
gularity. Although no clinical menstrual changes, the ovarian reserve function had been subclinically damaged,
with less AFC and more AMH variation range [15]. Few study focuses on the analysis of pretreatment ovarian
reserve function of SLE before CTX treatment. Considering the firts-use of CTX in the non menstrual period of
SLE patients, no conventional methods will be avaliable to assess the ovarian reserve function. Moreover, the
SLE patients without previous CTX treatment were usually serious and highly active, so it was urgent to
immplement the pulsed CTX treament as soon as possible. This is interesting because AMH detection would be
suitable for evaluating the ovarian reserve function of SLE patients with different menstrual cycle, regardless of
the menstrual period.

In the present study, the ovarian reserve function of severe SLE patients (SLEDAI value was 12.1) was sig-
nificantly lower than that in normal control, indicating that SLE disease itself had a negative effect on ovarian
function. No correlation was found between AMH value and the duration of illness or SLEDAI as an indicator
of SLE disease activity in SLE patients without CTX therapy [16]. However, it could be a sign that SLE itself
has a negative influence on the ovarian reserve [16]. Our work has shown that the AMH can also be applied as a
predictor risk of POF during CTX therapy, especially for female SLE patients with low AMH when first using
CTX or for those with fertility requirements. Therefore, regular monitoring of ovarian function would be needed
when using CTX treament. Besides, other alternative drugs with low inhibition on gonad would be used as soon
as possible during the disease remission. And the patients would better have a baby during this period, or else
CTX drugs would lead to further damage on ovarian funciton as the disease progress. Due to the limited sample
size, the SLE patients with normal menstruation were not divided further according to the age. Next study needs
to focus on the age of SLE patients, so as we can guide the follow-up individualized treatment.

5. Conclusion

Together, these data suggest that AMH levels can be used as a sensitive marker for the ovarian reserve function
of SLE patients before immunosuppressive treatment. It will help guide rheumatology clinicians to select im-
munosuppressive drugs and help patients to develop ovarian conservation strategies. For example, immunosup-
pressive drugs is used when combining with gonadotropin-releasing hormone analogue (Gonadotropin Releas-
ing Hormone Analogs, GnRHa) at the same time or eggs or embryos frozen storage, especially when we have to
use CTX.
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