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Purpose of review

Iatrogenic ovarian damage can occur after chemotherapy, radiotherapy and surgery for cancer as well as
for non-malignant conditions. This review describes the effects of such treatment on antimullerian hormone
(AMH) and the implications of the fall in AMH in relation to ovarian function and fertility, especially in the
era of improved fertility preservation strategies.

Recent findings

The risk of gonadotoxicity differs between chemotherapy regimens. There is growing evidence that
pretreatment AMH has prognostic significance for the degree of fall in AMH after treatment, the
reversibility of ovarian damage and risk of premature ovarian insufficiency. The accuracy of prediction
increases when age is coupled with AMH. The adverse effect of removal of endometriomas is increasingly
clear, and AMH pre and post surgery useful is assessing the degree of damage to the ovary. The
implications of low AMH after such treatment on natural fertility and reproductive lifespan are less clear.
Apart from treatment effects, there are other coexisting conditions that can affect AMH which needs to be
taken into consideration during interpretation of AMH before and after treatment.

Summary

A fall in AMH in women after gonadotoxic treatment has been consistently described, with variable recovery,
the accurate interpretation and clinical application of post-treatment AMH level on reproductive lifespan and
fertility prediction needs to be studied in future larger prospective studies with longer follow-up.
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Iatrogenic ovarian damage can occur with chemo-
therapy, radiotherapy and surgery for cancer, for
non-malignant conditions such as conditioning
for stem cell transplant in haematological diseases,
and in gynaecological conditions such as endome-
triosis. Depending on age at treatment, impairment
of ovarian function because of accelerated depletion
of primordial follicles has implications for puberty,
fertility and the long-term health consequences of
oestrogen deficiency as it may result in a woman
living more than half her life in a postmenopausal
state. It is important for clinicians to be able to
detect and perhaps predict ovarian impairment
early to optimize the management of these girls
and women, allowing fertility preservation to be
offered to those women who are at significant risk
of permanent ovarian damage before they undergo
gonadotoxic treatment such as total body irradia-
tion (TBI) or high risk chemotherapy [1]. This review
focuses on the use of antimullerian hormone (AMH)
uthor(s). Published by Wolters Kluwe
these gonadotoxic treatments.

What is the ovarian reserve?

The term ovarian reserve refers to the population of
primordial (nongrowing) follicles in the ovary. It is
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KEY POINTS

� Women should be made aware before receiving
treatment that ovarian damage with a fall in AMH can
occur after chemotherapy, radiotherapy that involves
the pelvis and ovarian surgery.

� Partial recovery of AMH after gonadotoxic treatment is
possible, particularly in women with a higher baseline
AMH and with low gonadotoxicity treatment.

� At present, AMH is of value for predicting
amenorrhoea and POI after these treatments, but data
on prediction of subsequent fertility are limited.

Reproductive endocrinology
also used as a convenient short-hand in reproduc-
tive medicine to mean the number of follicles that
can be stimulated by exogenous ‘functional’ ovarian
reserve, and to describe the reproductive potential of
a woman as a function of the number and quality of
her oocytes [2], but these usages blur the important
distinction between the true ovarian reserve and the
size of the pool of growing, generally small antral,
follicles. Although many chemotherapy regimens
result in loss of growing follicles, it is the effect
on the nongrowing pool that is important for a
woman’s future reproductive function. The number
of primordial follicles peaks in foetal life at 18–22
weeks with 300 000 primordial follicles per ovary. By
birth, the number of primordial follicles in the
ovaries has already started to fall: this continues
through pre and postpubertal life with only 12
and 3% of nongrowing follicles left at 30 and
40 years of age, respectively. At menopause, only
around 1000 follicles remain [3,4].
Ovarian reserve testing with serum
antimullerian hormone

AMH is considered the best currently available bio-
marker of the ovarian reserve, although it only
reflects this indirectly [5]. It is a glycoprotein which
is produced by secondary, preantral and early antral
follicles up to 9 mm diameter. Although AMH is not
produced by primordial follicles, its circulating level
is significantly correlated with them in healthy
women [6]: importantly, this is based on only a
small number of samples. There is an initial rise
in AMH shortly after birth, then a gradual continu-
ous increase throughout childhood with some fluc-
tuation around puberty with a peak at 25 years [7,8].
That AMH is readily detectable in prepubertal girls
makes it a potential useful marker [9], though its
interpretation in childhood and adolescence is more
challenging because of the physiological rise in
AMH until age 25 [7]. Thereafter, AMH decreases
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with age, and initial studies suggested that it
becomes undetectable around 5 years before meno-
pause [10]. Thus, an undetectable AMH indicates
transition to menopause. With the emergence of
more sensitive AMH assays, the interval between
undetectable AMH and last menstrual period will
be reduced but this has yet to be defined clearly.

AMH has little inter-cyclical [11] and intra-cycli-
cal variation as it reflects the number of 5–8 mm
diameter rather than preovulatory follicles [12] thus
conveniently can be assessed throughout the men-
strual cycle. The most established clinical use of
AMH is prediction of ovarian response to ovarian
stimulation in assisted reproductive technology,
predicting oocyte quantity but not live birth [13].
Effects of chemotherapy on ovarian function
and antimullerian hormone

The potential use of AMH to detect a detrimental
effect of chemotherapy on ovarian function was first
described in a group of childhood cancer survivors
[14] who had lower AMH levels despite regular men-
strual cycles, compared with healthy women. The
effects of chemotherapy on AMH in women with
cancer were subsequently demonstrated during treat-
ment for breast cancer with a rapid and drastic fall
during chemotherapy and limited recovery thereaf-
ter [15]. This has since been confirmed [16–19], with
AMH often becoming undetectable after the first
cycle of chemotherapy. By the end of six cycles of
chemotherapy treatment for breast cancer, AMH is
almost undetectable in most women [17].

The degree of ovarian damage depends on the
type of chemotherapeutic agents used, cumulative
dosage and age at the time of treatment. Alkylating
agents are associated with the highest risk of gona-
dotoxicity in terms of higher risk of low AMH,
amenorrhoea and lower chance of recovery of
AMH [20,21]. AMH is undetectable and shows no
recovery in women receiving high-risk treatment:
women and children treated with alkylating agents
in high doses showed only little recovery of AMH
[9,16]. Age has an important impact, with younger
women have a higher pretreatment AMH, and a
lower risk of undetectable AMH at the end of treat-
ment chemotherapy (65% in women treated for
breast cancer aged over 40; 16% in women aged
�40 years) [22

&&

]. Younger age and higher pretreat-
ment AMH brings a lower risk of chemotherapy-
related amenorrhoea [17,19,22

&&

,23] and higher
chance of return of menstruation [24,25]. AMH
recovery is slower in older aged women [18,22

&&

].
The rate of recovery of AMH is faster if basal AMH is
higher [16]. Pretreatment AMH therefore predicts
post-treatment recovery of ovarian function and
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FIGURE 1. Schematic of the effect of gonadotoxic cancer treatment on ovarian function. The three lines represent women with
high, average and low ovarian reserve (as, e.g. reflected in AMH concentrations). Treatment results in a rapid fall in all
women. Those with low ovarian reserve (red line) are more likely to develop POI during treatment, and for that to persist
thereafter. Conversely, those with higher ovarian reserve will show a variable recovery, some going on to develop early POI
(blue line) with others, at the highest level of ovarian reserve (green line) showing more prolonged ovarian activity, with later
the normal age-related decline. POI, premature ovarian insufficiency. Reproduced with permission [26].
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AMH levels, which in turn indicate remaining ovar-
ian lifespan. Figure 1 illustrates the effect of gona-
dotoxic treatment on ovarian activity as reflected in
AMH levels over time [26]. Women treated with ‘low
FIGURE 2. AMH concentrations at prechemotherapy, after two
[A(B)VD], at end of treatment and at 1, 2 and 3 years after chem
women treated with BEACOPP after 2 cycles of A(B)VD. Mean�
Dacarbazine; AMH, antimullerian hormone. Adapted from [28].
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risk’ chemotherapy also show a fall in AMH to low
levels during treatment [27,28] but with good recov-
ery thereafter (Fig. 2). A recent analysis has however
demonstrated that recovery is limited in women
cycles of Doxorubicin, (Bleomycin), Vinblastine, Dacarbazine
otherapy. Blue, women treated with A(B)VD throughout; red,
sem. A(B)VD, Doxorubicin, (Bleomycin), Vinblastine,
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aged more than 35 years, with that loss of recovery
related to age and not pretreatment AMH [28].
Effects of radiotherapy on ovarian function
and antimullerian hormone

Oocytes are very sensitive to radiotherapy [29]. The
detrimental effects depend on irradiation field, dos-
age, fractionation schedule and whether the patient
is pre or post menarche. There are more limited data
on AMH after radiotherapy than after chemother-
apy. Childhood cancer survivors who received
radiotherapy to the abdomen, pelvis, sacrum and
total body have lower AMH than survivors with
irradiation to other parts of the body (<0.1 mg/l
versus 1.5 mg/l) [30]. Women treated with TBI for
stem cell transplant all developed premature ovar-
ian insufficiency (POI) with undetectable AMH [31],
and TBI as part of the conditioning therapy before
bone marrow transplant affects AMH more than
chemotherapy or radiotherapy for childhood malig-
nant or non-malignant disease [32].
Effects of surgery on ovarian function and
antimullerian hormone

Ovarian cysts are common in reproductive age
women, and laparoscopic ovarian cystectomy is a
recommended treatment for benign cysts [33].
There is reduction in the ovarian reserve after ovar-
ian cystectomy as evidenced by a fall in AMH [34,35]
and partial recovery in AMH is observed in some
women from 3 to 12 months after excision of endo-
metrioma [34,36–38]. The proposed mechanisms
for ovarian damage after cystectomy include inad-
vertent damage to or removal of underlying healthy
ovarian tissue during stripping of the ovarian cyst
wall [39] and two recent systematic reviews and
meta-analyses suggested that the use of bipolar dia-
thermy is associated with a greater decline of AMH
when compared with nonthermal haemostatic
methods including suturing or haemostatic sealant
[40,41

&

]. The risk of ovarian damage and fall in AMH
after cystectomy for endometrioma is greater than
after surgery for other benign ovarian cysts in some
studies. However, a recent meta-analysis reported a
similar magnitude of reduction in AMH (38%) after
both types of cystectomy [42].

A greater fall in AMH is observed after bilateral
cystectomy for endometrioma [34,35,43–45] and
with surgery with damage to the ovarian blood supply
[43,44,46]. There is a higher chance of disruption of
the blood supply to the ovaries and therefore a greater
fall in AMH when cystectomy is performed in women
with a higher revised American Society of Reproduc-
tive Medicine score or when adnexal dissection
394 www.co-endocrinology.com
involves the mesosalpinx. AMH decline is reported
not to be associated with cyst size in most studies
[36,43,47,48]. As with data after chemotherapy,
women with a lower preoperative AMH have a higher
chance of developing diminished ovarian reserve
(DOR; defined as AMH<1.1ng/ml or 7.9pmol/l) after
ovarian cystectomyfor endometrioma. A preoperative
AMH less than 2.1 ng/ml (15 pmol/l) or less than
3.5ng/ml (25pmol/l) predicted DOR (AMH <1.1ng/
ml or 7.9pmol/l) at 6 months for unilateral and bilat-
eral cystectomy, respectively [35].
Prediction of amenorrhoea or premature
ovarian insufficiency using antimullerian
hormone

There is an increased likelihood for a healthy woman
to reach menopause before the median age of 51 years
if AMH is low for her age [49]. Conversely, if her AMH
level is more than 0.02ng/ml (0.14 pmol/l), there is
minimal chance of menopause within 5 years regard-
less of women’s age [50].The application ofa lowAMH
to predict the probability of menopause is more sensi-
tive in late than in young reproductive age women,
but an undetectable AMH level (using a high-sensitiv-
ity assay) is predictive of menopause within 5 years in
only 60% of healthy women aged more than 45 years
[50]. The difficulty of predicting menopause accu-
rately by using AMH seems because of the differences
in decline trajectory between different women [51], as
well as othermodifiers such as smoking, and at present
it remains impossible to predict age at menopause
accurately in healthy women.

The value of AMH for prediction of amenorrhoea
after gonadotoxic treatment largely derives from
studies in women receiving chemotherapy for breast
cancer. The risk of amenorrhoea can be predicted by
pretreatment AMH with the risk of persistent ame-
norrhoea higher with a lower pretreatment AMH.
Younger age and higher pretreatment AMH are two
important favourable prognostic factors for ovarian
recovery [19,52,53]. Women with pretreatment AMH
of less than 7.3 pmol/l were 9.3 times more likely to
develop POI 2 years after chemotherapy [22

&&

]. A
mosaic chart incorporating both age and pretreat-
ment AMH level for postrecovery menstruation pre-
diction indicates that, for all premenopausal women,
an AMH level less than 3.8 pmol/l predicts amenor-
rhoea, whereas AMH more than 20.3 pmol/l predicts
continuing menstruation at 2 years (Fig. 3). For inter-
mediate values, age also becomes an important factor
[19]: larger studies are needed to validate and refine
this analysis. In women older than 40 years, an
undetectable AMH (using a highly sensitive assay)
immediatelypost-treatmentcanpredictPOIat2years
with good accuracy [22

&&

], whereas younger women
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FIGURE 3. Mosaic chart for ongoing menses (M) or chemotherapy-related amenorrhoea (A) using serum AMH and
chronological age as predictor variables. AMH, antimullerian hormone. Reproduced with permission [19].
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showed recovery of AMH, including from undetect-
able levels. In older women this may be a potential
guide to post-treatment endocrine therapy, but it
may not be sufficiently reliable in younger women.
Whether this can be improved with further improve-
ments to the sensitivity of AMH assays is unclear, as it
will also be determined by whether there are suffi-
cient remaining nongrowing follicles (that do not
produce AMH) to support development of antral
follicles that do produce AMH. There is likely to be
a combination of assay sensitivity and time as che-
motherapy (perhaps combined with pretreatment
AMH, age and an index relating to the chemotherapy
regimen) that will reliably be able to predict ovarian
recovery versus permanent ovarian failure.

The possibility of natural conception in POI is
5–10% [54]. Fertility preservation should be offered
to those women who are at risk of irreversible ovar-
ian damage with no recovery of AMH before they
undergo gonadotoxic treatment such as TBI and
high-risk chemotherapy.
Prediction of fertility with antimullerian
hormone

Current evidence clearly demonstrates that AMH is
not a ‘fertility test’, predicting neither natural
1752-296X Copyright � 2018 The Author(s). Published by Wolters Kluwe
conception in healthy women [55,56,57
&&

] nor live
birth after assisted reproduction [13]. Prospective
cohort studies involving healthy women predomi-
nantly in their 20s [56] or 30s [57

&&

] showed no
difference in fecundability between women with
low and normal ovarian reserve and between older
and younger women with DOR.

Childhood and adult cancer survivors have
reduced fertility depending on diagnosis/treatment
given [58,59], and AMH in cancer survivors is also
lower when compared with healthy women
[14,30,60]. However, there is no direct evidence dem-
onstrating that a lower AMH is predictive of reduced
chance to conceive naturally after cancer treatment.
A retrospective study reported that there was no
difference in pregnancy occurrence with detectable
or undetectable post-treatment AMH in 134 women
treated with breast cancer [61]. Natural pregnancy
has been reported even when AMH was undetectable
after cancer treatment [17,62,63], although theassays
used were less sensitive than current ones.

The implications of low AMH for fertility after
ovarian cystectomy for benign ovarian cyst on preg-
nancy are similarly unclear. Women with low preoper-
ative AMH have higher risk of DOR diagnosed
6 months after operation, and a lower cumulative
spontaneous pregnancy rate at 24 months after ovarian
r Health, Inc. www.co-endocrinology.com 395



Table 1. Factors affecting antimullerian hormone level

Decreased AMH level Increased AMH level Inconsistent results

Older age
Smoking
Pregnancy
History of ovarian surgery
Endometriosis
Cancer
Use of hormonal contraception or GnRH agonist
Ovarian toxic treatment (chemotherapy, radiotherapy
BRCA1 gene carrier
Fragile X mental retardation-1 (FMR-1) gene carrier

White ethnicity
Polycystic ovary syndrome
Granulosa cell tumour

High BMI
Parity
Vitamin D status

AMH, antimullerian hormone.
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cystectomy for endometrioma in women with DOR
than non-DOR women (14.4 versus 59.2%) has been
reported [35]. A prospective study found that postop-
erativeAMHlevel at6monthsafterovarian cystectomy
for benign ovarian cyst was not different between
pregnant and non-pregnant groups [64]. It is difficult
to draw any conclusion on the predictive value of
low AMH after ovarian cystectomy on fertility outcome
as most studies do not include pregnancy as an out-
come. Interpretation of results from studies reporting
pregnancy needs to be cautious as we need to know
whether thosewomenincludedinthestudies sought to
become pregnant, and the studies usually only report
pregnancy as a secondary outcome.
Other issues to consider during
interpretation of antimullerian hormone

AMH GenII ELISA assay by Beckman Coulter (Brea,
CA, USA) was the most commonly used assay until
recently, but is increasingly being replaced by auto-
mated assays. The lower limit of detection is valu-
able for analysis of the very low AMH levels often
found after chemotherapy. There is still a difference
in calibration between assays [65] which should be
taken into account if comparing studies, until an
international standard to unify the calibration
between different assays is available.

Table 1 shows the factors affecting AMH level
that should be considered before clinical application
of AMH levels in this and other contexts (reviewed
more fully in other articles in this collection).
Women with lymphoma have lower AMH at diag-
nosis than age-matched healthy women and women
with other cancers before treatment [66]. In girls
with a range of newly diagnosed cancers, including
leukaemia, lymphoma, sarcoma, nephroblastoma
and neuroblastoma, AMH level was correlated with
general health markers, that is, pyrexia, C-reactive
protein (CRP) and anaemia [67]. Other factors likely
to be of relevance in interpreting AMH levels in this
396 www.co-endocrinology.com
context include BRCA-1 gene carrier and the use of
hormonal contraception. BRCA-1 gene mutation
carriers have higher risk of developing breast cancer
and their AMH is 25% lower than noncarriers [68].
Hormonal contraceptives are commonly used by
this population of young women, and additionally
as adjuvant treatment after surgery for endometri-
osis, and sometimes as hormone replacement. AMH
is 19% lower in users of combined oral contracep-
tives than in nonusers [69]. Gonadotropin hormone
releasing hormone (GnRH) agonist treatment also
reduces AMH over a period of several months [15].
CONCLUSION

A decrease in ovarian reserve with a fall in AMH can
occur after treatments including chemotherapy,
radiotherapy and ovarian surgery. In some women,
depending on age, preexisting ovarian reserve/AMH
and treatment administered, POI may result with
undetectable AMH after treatment and without
recovery. Clinicians should be aware of such effect
and include discussion of the possible implications of
decreased AMH on ovarian reserve and fertility with
women before undergoing treatment. The accurate
interpretation of post-treatment AMH level on repro-
ductive lifespan and fertility prediction needs larger
prospective studies with longer follow-up.

Acknowledgements

We are grateful to the many colleagues who have col-
laborated in our studies described here.

Financial support and sponsorship

Funding: The authors work in this field has been sup-
ported by MRC grants G1100357 and MR/L00299X/1.
Part of this work was undertaken in the MRC Centre for
Reproductive Health which is funded by MRC Centre
grant MR/N022556/1.

R.A.A. has received research support and honoraria
from Roche Diagnostics, Beckman Coulter and Ansh Labs.
Volume 25 � Number 6 � December 2018



Antimullerian hormone Wong and Anderson
Conflicts of interest

There are no conflicts of interest.
REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:

& of special interest
&& of outstanding interest
1. Donnez J, Dolmans MM. Fertility preservation in women. N Engl J Med 2018;
378:400–401.

2. Tal R, Seifer DB. Ovarian reserve testing: a user’s guide. Am J Obstet Gynecol
2017; 217:129–140.

3. Wallace WH, Kelsey TW. Human ovarian reserve from conception to the
menopause. PLoS One 2010; 5:e8772.

4. Faddy MJ, Gosden RG. A model conforming the decline in follicle numbers to
the age of menopause in women. Hum Reprod 1996; 11:1484–1486.

5. Anderson RA, Nelson SM, Wallace WH. Measuring anti-Mullerian hormone
for the assessment of ovarian reserve: when and for whom is it indicated?
Maturitas 2012; 71:28–33.

6. Hansen KR, Hodnett GM, Knowlton N, Craig LB. Correlation of ovarian
reserve tests with histologically determined primordial follicle number. Fertil
Steril 2011; 95:170–175.

7. Kelsey TW, Wright P, Nelson SM, et al. A validated model of serum antimullerian
hormone from conception to menopause. PLoS One 2011; 6:e22024.

8. Hagen CP, Aksglaede L, Sorensen K, et al. Individual serum levels of anti-
Mullerian hormone in healthy girls persist through childhood and adoles-
cence: a longitudinal cohort study. Hum Reprod 2012; 27:861–866.

9. Brougham MF, Crofton PM, Johnson EJ, et al. Anti-Mullerian hormone is a
marker of gonadotoxicity in pre and postpubertal girls treated for cancer: a
prospective study. J Clin Endocrinol Metab 2012; 97:2059–2067.

10. Sowers MR, Eyvazzadeh AD, McConnell D, et al. Anti-mullerian hormone and
inhibin B in the definition of ovarian aging and the menopause transition. J Clin
Endocrinol Metab 2008; 93:3478–3483.

11. Fanchin R, Taieb J, Lozano DH, et al. High reproducibility of serum anti-
Mullerian hormone measurements suggests a multistaged follicular secretion
and strengthens its role in the assessment of ovarian follicular status. Hum
Reprod 2005; 20:923–927.

12. Jeppesen JV, Anderson RA, Kelsey TW, et al. Which follicles make the most
anti-Mullerian hormone in humans? Evidence for an abrupt decline in AMH
production at the time of follicle selection. Mol Hum Reprod 2013;
19:519–527.

13. Iliodromiti S, Kelsey TW, Wu O, et al. The predictive accuracy of anti-Mullerian
hormone for live birth after assisted conception: a systematic review and
meta-analysis of the literature. Hum Reprod Update 2014; 20:560–570.

14. Bath LE, Wallace WH, Shaw MP, et al. Depletion of ovarian reserve in young
women after treatment for cancer in childhood: detection by anti-Mullerian
hormone, inhibin B and ovarian ultrasound. Hum Reprod 2003; 18:2368–2374.

15. Anderson RA, Themmen AP, Al-Qahtani A, et al. The effects of chemotherapy
and long-term gonadotrophin suppression on the ovarian reserve in preme-
nopausal women with breast cancer. Hum Reprod 2006; 21:2583–2592.

16. Dillon KE, Sammel MD, Prewitt M, et al. Pretreatment antimullerian hormone
levels determine rate of posttherapy ovarian reserve recovery: acute changes in
ovarian reserve during and after chemotherapy. Fertil Steril 2013; 99:477–483.

17. Dezellus A, Barriere P, Campone M, et al. Prospective evaluation of serum
anti-Mullerian hormone dynamics in 250 women of reproductive age treated
with chemotherapy for breast cancer. Eur J Cancer 2017; 79:72–80.

18. Hamy AS, Porcher R, Cuvier C, et al. Ovarian reserve in breast cancer:
assessment with anti-Mullerian hormone. Reprod Biomed Online 2014;
29:573–580.

19. Anderson RA, Rosendahl M, Kelsey TW, Cameron DA. Pretreatment anti-
Mullerian hormone predicts for loss of ovarian function after chemotherapy for
early breast cancer. Eur J Cancer 2013; 49:3404–3411.

20. Peigne M, Decanter C. Serum AMH level as a marker of acute and long-term
effects of chemotherapy on the ovarian follicular content: a systematic review.
Reprod Biol Endocrinol 2014; 12:26.

21. van Dorp W, Mulder RL, Kremer LC, et al. Recommendations for premature
ovarian insufficiency surveillance for female survivors of childhood, adoles-
cent, and young adult cancer: a report from the International Late Effects of
Childhood Cancer Guideline Harmonization Group in Collaboration With the
PanCareSurFup Consortium. J Clin Oncol 2016; 34:3440–3450.

22.
&&

Anderson RA, Mansi J, Coleman RE, et al. The utility of anti-Mullerian hormone
in the diagnosis and prediction of loss of ovarian function following che-
motherapy for early breast cancer. Eur J Cancer 2017; 87:58–64.

A prospective study to show post-treatment AMH measured with ultrasensitive
assay in women with breast cancer has good prediction of amenorrhoea at 2 years
in women aged more than 40.
1752-296X Copyright � 2018 The Author(s). Published by Wolters Kluwe
23. Pigny P, Merlen E, Robert Y, et al. Elevated serum level of antimullerian
hormone in patients with polycystic ovary syndrome: relationship to the
ovarian follicle excess and to the follicular arrest. J Clin Endocrinol Metab
2003; 88:5957–5962.

24. Silva C, Caramelo O, Almeida-Santos T, Ribeiro Rama AC. Factors asso-
ciated with ovarian function recovery after chemotherapy for breast cancer: a
systematic review and meta-analysis. Hum Reprod 2016; 31:2737–2749.

25. Su HI. Beyond decreased ovarian reserve: considering reproductive comor-
bidities in female cancer survivors. Fertil Steril 2018; 109:446–447.

26. Jayasinghe YL, Wallace WH, Anderson RA. Ovarian function, fertility, and
reproductive lifespan in cancer patients. Expert Rev Endocrinol Metab 2018;
13:125–136.

27. Decanter C, Morschhauser F, Pigny P, et al. Anti-Mullerian hormone follow-up
in young women treated by chemotherapy for lymphoma: preliminary results.
Reprod Biomed Online 2010; 20:280–285.

28. Anderson RA, Remedios R, Kirkwood AA, Patrick P, Stevens L, Clifton-Hadley
L, et al. Chemotherapy regimen, age and pretreatment ovarian reserve as
determinants of ovarian function after response-adapted therapy in patients
with Hodgkin lymphoma: a prospective cohort study. Lancet Oncology. In
press

29. Wallace WH, Thomson AB, Saran F, Kelsey TW. Predicting age of ovarian
failure after radiation to a field that includes the ovaries. Int J Radiat Oncol Biol
Phys 2005; 62:738–744.

30. Lie Fong S, Laven JS, Hakvoort-Cammel FG, et al. Assessment of ovarian
reserve in adult childhood cancer survivors using anti-Mullerian hormone.
Hum Reprod 2009; 24:982–990.

31. Lie Fong S, Lugtenburg PJ, Schipper I, et al. Antimullerian hormone as a
marker of ovarian function in women after chemotherapy and radiotherapy for
haematological malignancies. Hum Reprod 2008; 23:674–678.

32. Beneventi F, Locatelli E, Giorgiani G, et al. Gonadal and uterine function in
female survivors treated by chemotherapy, radiotherapy, and/or bone marrow
transplantation for childhood malignant and nonmalignant diseases. BJOG
2014; 121:856–865.

33. Gynecologists RCoOa. Management of suspected ovarian masses in pre-
menopausal women 2011

34. Chang HJ, Han SH, Lee JR, et al. Impact of laparoscopic cystectomy on
ovarian reserve: serial changes of serum anti-Mullerian hormone levels. Fertil
Steril 2010; 94:343–349.

35. Ozaki R, Kumakiri J, Tinelli A, et al. Evaluation of factors predicting diminished
ovarian reserve before and after laparoscopic cystectomy for ovarian endo-
metriomas: a prospective cohort study. J Ovarian Res 2016; 9:37.

36. Alborzi S, Keramati P, Younesi M, et al. The impact of laparoscopic cystect-
omy on ovarian reserve in patients with unilateral and bilateral endometriomas.
Fertil Steril 2014; 101:427–434.

37. Sugita A, Iwase A, Goto M, et al. One-year follow-up of serum antimullerian
hormone levels in patients with cystectomy: are different sequential changes
due to different mechanisms causing damage to the ovarian reserve? Fertil
Steril 2013; 100:516.e3–522.e3.

38. Ding Y, Yuan Y, Ding J, et al. Comprehensive assessment of the impact of
laparoscopic ovarian cystectomy on ovarian reserve. J Minim Invasive Gynecol
2015; 22:1252–1259.

39. Alborzi S, Foroughinia L, Kumar PV, et al. A comparison of histopathologic
findings of ovarian tissue inadvertently excised with endometrioma and other
kinds of benign ovarian cyst in patients undergoing laparoscopy versus
laparotomy. Fertil Steril 2009; 92:2004–2007.

40. Ata B, Turkgeldi E, Seyhan A, Urman B. Effect of hemostatic method on
ovarian reserve following laparoscopic endometrioma excision; comparison of
suture, hemostatic sealant, and bipolar dessication. A systematic review and
meta-analysis. J Minim Invasive Gynecol 2015; 22:363–372.

41.
&

Deckers P, Ribeiro SC, Simoes RDS, et al. Systematic review and meta-
analysis of the effect of bipolar electrocoagulation during laparoscopic ovarian
endometrioma stripping on ovarian reserve. Int J Gynaecol Obstet 2018;
140:11–17.

A meta-analysis to display the detrimental effect of bipolar diathermy on ovarian
reserve.
42. Mohamed AA, Al-Hussaini TK, Fathalla MM, et al. The impact of excision of

benign nonendometriotic ovarian cysts on ovarian reserve: a systematic
review. Am J Obstet Gynecol 2016; 215:169–176.

43. Hirokawa W, Iwase A, Goto M, et al. The postoperative decline in serum anti-
Mullerian hormone correlates with the bilaterality and severity of endome-
triosis. Hum Reprod 2011; 26:904–910.

44. Kim YJ, Cha SW, Kim HO. Serum anti-Mullerian hormone levels decrease
after endometriosis surgery. J Obstet Gynaecol 2017; 37:342–346.

45. Mehdizadeh Kashi A, Chaichian S, Ariana S, et al. The impact of laparoscopic
cystectomy on ovarian reserve in patients with unilateral and bilateral en-
dometrioma. Int J Gynaecol Obstet 2017; 136:200–204.

46. Saito A, Iwase A, Nakamura T, et al. Involvement of mesosalpinx in endome-
trioma is a possible risk factor for decrease of ovarian reserve after cystect-
omy: a retrospective cohort study. Reprod Biol Endocrinol 2016; 14:72.

47. Celik HG, Dogan E, Okyay E, et al. Effect of laparoscopic excision of
endometriomas on ovarian reserve: serial changes in the serum antimullerian
hormone levels. Fertil Steril 2012; 97:1472–1478.
r Health, Inc. www.co-endocrinology.com 397



Reproductive endocrinology
48. Uncu G, Kasapoglu I, Ozerkan K, et al. Prospective assessment of the impact
of endometriomas and their removal on ovarian reserve and determinants of
the rate of decline in ovarian reserve. Hum Reprod 2013; 28:2140–2145.

49. van Disseldorp J, Faddy MJ, Themmen AP, et al. Relationship of serum
antimullerian hormone concentration to age at menopause. J Clin Endocrinol
Metab 2008; 93:2129–2134.

50. Kim C, Slaughter JC, Wang ET, et al. Anti-Mullerian hormone, follicle stimulat-
ing hormone, antral follicle count, and risk of menopause within 5 years.
Maturitas 2017; 102:18–25.

51. de Kat AC, van der Schouw YT, Eijkemans MJ, et al. Back to the basics of
ovarian aging: a population-based study on longitudinal anti-Mullerian hor-
mone decline. BMC Med 2016; 14:151.

52. Anderson RA, Cameron DA. Pretreatment serum antimullerian hormone
predicts long-term ovarian function and bone mass after chemotherapy for
early breast cancer. J Clin Endocrinol Metab 2011; 96:1336–1343.

53. Su HC, Haunschild C, Chung K, et al. Prechemotherapy antimullerian
hormone, age, and body size predict timing of return of ovarian function in
young breast cancer patients. Cancer 2014; 120:3691–3698.

54. van Kasteren YM, Schoemaker J. Premature ovarian failure: a systematic
review on therapeutic interventions to restore ovarian function and achieve
pregnancy. Hum Reprod Update 1999; 5:483–492.

55. Zarek SM, Mitchell EM, Sjaarda LA, et al. Is anti-mullerian hormone associated
with fecundability? Findings from the EAGeR Trial. J Clin Endocrinol Metab
2015; 100:4215–4221.

56. Hagen CP, Vestergaard S, Juul A, et al. Low concentration of circulating
antimullerian hormone is not predictive of reduced fecundability in young healthy
women: a prospective cohort study. Fertil Steril 2012; 98:1602–1800.

57.
&&

Steiner AZ, Pritchard D, Stanczyk FZ, et al. Association between biomarkers
of ovarian reserve and infertility among older women of reproductive age.
JAMA 2017; 318:1367–1376.

Low ovarian reserve markers including AMH do not predict reduced fertility in
healthy women aged 30–44 years.
58. Barton SE, Najita JS, Ginsburg ES, et al. Infertility, infertility treatment, and

achievement of pregnancy in female survivors of childhood cancer: a report
from the Childhood Cancer Survivor Study cohort. Lancet Oncol 2013;
14:873–881.
398 www.co-endocrinology.com
59. Chow EJ, Stratton KL, Leisenring WM, et al. Pregnancy after chemotherapy in
male and female survivors of childhood cancer treated between 1970 and
1999: a report from the Childhood Cancer Survivor Study cohort. Lancet
Oncol 2016; 17:567–576.

60. van der Kooi AL, van den Heuvel-Eibrink MM, van Noortwijk A, et al. Long-
itudinal follow-up in female Childhood Cancer Survivors: no signs of accel-
erated ovarian function loss. Hum Reprod 2017; 32:193–200.

61. Hamy AS, Porcher R, Eskenazi S, et al. Anti-Mullerian hormone in
breast cancer patients treated with chemotherapy: a retrospective
evaluation of subsequent pregnancies. Reprod Biomed Online 2016;
32:299–307.

62. Yu B, Douglas N, Ferin MJ, et al. Changes in markers of ovarian reserve and
endocrine function in young women with breast cancer undergoing adjuvant
chemotherapy. Cancer 2010; 116:2099–2105.

63. Hamre H, Kiserud CE, Ruud E, et al. Gonadal function and parenthood
20 years after treatment for childhood lymphoma: a cross-sectional study.
Pediatr Blood Cancer 2012; 59:271–277.

64. Lind T, Lampic C, Olofsson JI, Rodriguez-Wallberg KA. Postoperative AMH
reduction is not associated with reduced fecundity two years following ovarian
cyst surgery. Gynecol Endocrinol 2016; 32:745–748.

65. Li HW, Wong BP, Ip WK, et al. Comparative evaluation of three new
commercial immunoassays for anti-Mullerian hormone measurement. Hum
Reprod 2016; 31:2796–2802.

66. Lekovich J, Lobel ALS, Stewart JD, et al. Female patients with lymphoma
demonstrate diminished ovarian reserve even before initiation of chemother-
apy when compared with healthy controls and patients with other malignan-
cies. J Assist Reprod Genet 2016; 33:657–662.

67. van Dorp W, van den Heuvel-Eibrink MM, de Vries AC, et al. Decreased serum
anti-Mullerian hormone levels in girls with newly diagnosed cancer. Hum
Reprod 2014; 29:337–342.

68. Phillips KA, Collins IM, Milne RL, et al. Anti-Mullerian hormone serum con-
centrations of women with germline BRCA1 or BRCA2 mutations. Hum
Reprod 2016; 31:1126–1132.

69. Birch Petersen K, Hvidman HW, Forman JL, et al. Ovarian reserve assessment
in users of oral contraception seeking fertility advice on their reproductive
lifespan. Hum Reprod 2015; 30:2364–2375.
Volume 25 � Number 6 � December 2018


