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IntrOductIOn
Chemotherapy is well known for causing deleterious effects on 
reproductive function in females. Chemotherapy causes acute loss 
of growing follicles resulting in premature ovarian failure, shortened 
reproductive life span and hormone deficiency [1,2]. 

About 1 million primordial ovarian follicles are present in females 
at birth which declines to 180,000 at menarche and to 1,000 at 
menopause [3]. The number of oocytes containing both primordial 
follicles and the relatively small number of maturing, growing follicles 
in a woman’s reproductive life is called as Ovarian Reserve (OR).

Young women with more primordial oocytes, showed a sharp 
reduction of their OR following chemotherapy [4]. The destructive 
effect on the primordial follicles is dose-dependent and varies 
with the age, type and the dose of cytotoxic agents used and 
developmental maturity of the patient at the time of the therapy, with 
older women more likely to be left infertile later on [5,6]. Alkylating 
agents covalently bind an alkyl group to the DNA molecule and inhibit 
it from replicating [7]. They also damage the ovarian vasculature 
so that the follicles cannot grow [8]. Use of cyclophosphamide an 
alkylating agent leads to premature ovarian failure and infertility [9].

Follicle Stimulating Hormone (FSH) and Antimüllerian Hormone 
(AMH) are the hormones that are secreted from anterior pituitary 
gland and ovaries, are important for the development of follicles. 
Women with abnormal levels of these hormones shows decreased 
ability or inability of conception [10].

Serum FSH levels in the early follicular phase and age of the women 
are most commonly used parameters for assessing ovarian function 
[11,12]. Most investigators during their studies prior to ovulation 
induction in assisted reproduction used ultrasound markers such 
as ovarian volume [13,14] and antral follicle count (AFC) [15,16]. 

 

Developing antral follicles in ovaries secrets E2 and inhibin B. 
Increased levels of these hormones signals the gonadotropins in 
the pituitary gland to discontinue the release of FSH resulting in 
variability in FSH levels during menstrual cycle [10]. 

AMH is a glycoprotein hormone belonging to transforming growth 
factor b family. It’s levels reflect the continuous non-cyclical growth 
of small follicles [17]. AMH is produced by the granulosa cells (GC) 
of primary follicles is distinct from ovulation being able to measure 
true OR [18]. AMH accurately measure the active follicle pool being 
produced by them and hence the basis of assessing OR [19]. 

AMH levels does not change significantly throughout the menstrual 
cycle unlike the other markers of OR [20]. Hence serum AMH level 
seems to be the more convenient and effective than other serum 
OR tests like FSH, inhibin B or E2 [21].

For assessing post-chemotherapy ovarian function the primary 
and gold standard tool used commonly is presence or absence 
of menstruation. There is a need for valid tools for measuring and 
predicting reproductive function in this population [22].  

AIm
Hence the present study was planned to evaluate and compare 
the levels of AMH in breast cancer patients before and after 
chemotherapy and to assess whether AMH as a biochemical 
marker of the OR might improve prediction of chemotherapy related 
outcomes.

mAterIAls And methOds
This observational study was approved by the Ethics Review 
Committee of the institute in which the study was carried out. 
All patients were recruited after obtaining informed consent. The 
present study was conducted in the Department of Biochemistry 
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ABstrAct
Introduction: Anti-Mullerian Hormone (AMH) is a glycoprotein 
of the transforming growth factor-β (TGF-β) family that seems to 
reflect the continuous non-cyclical growth of small follicles and 
can be considered an indirect index of the size of the resting 
primordial follicle pool. Accordingly, AMH represents a marker of 
Ovarian Reserve (OR) and is particularly useful in demonstrating 
ovarian tissue damage induced by chemotherapy.

Aim: To evaluate and compare the levels of AMH in Breast 
Carcinoma patients before and after chemotherapy with age 
matched healthy controls and to assess whether AMH as 
a biochemical marker of the OR might improve prediction of 
chemotherapy related outcomes in these patients.

materials and methods: The present study was conducted in 
the Department of Biochemistry in collaboration with Department 
of Radiotherapy, Pt. B.D. Sharma, University of Health Sciences, 
Rohtak between June 2013 and June 2014. The subjects 

were divided into two groups. A total of 30 female patients of 
confirmed diagnosis of breast carcinoma were enrolled in the 
study group (Group I). The enrolled breast cancer cases were 
further divided into subgroups (Group-IA=Prechemotherapy 
& Group-IB= Postchemotherapy). Thirty healthy age matched 
female volunteers were enrolled as controls (Group II). Serum 
levels of AMH were determined by the ultrasensitive anti-
müllerian hormone/ müllerian inhibiting substance (US AMH/
MIS) Enzyme Linked Immuno Sorbent Assay (ELISA).

results: There was a significant decrease in serum AMH levels 
in the both study group-IA and study group-IB as compared 
to control group-II (p<0.05 and p<0.001 respectively). The 
prechemotherapy (group-IA) serum AMH levels dropped 
significantly after chemotherapy (group-IB) (p<0.001). 

conclusion: AMH levels declined after chemotherapy indicates 
direct chemotherapy induced damage to the granulosa cells 
and growing follicles, reflecting decrease ovarian reserve and 
fertility.
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in collaboration with Department of Radiotherapy, Pt. B.D. Sharma, 
University of Health Sciences, Rohtak between June 2013 and June 
2014. The study included purposive sampling. 

The subjects were divided into two groups.

Group I: A total of 30 female patients of confirmed diagnosis of breast 
carcinoma after TNM staging from the department of radiotherapy 
were enrolled in the study group. The enrolled breast cancer cases 
were further divided into subgroups (Group-IA= Prechemotherapy 
& Group-IB= Postchemotherapy).

Group II: A total of 30 healthy age matched female volunteers from 
Out Patient Department were enrolled as controls.

Anticancer regimen- 5-FU, Epirubicin, Cyclophosphamide (FEC) 
given for four cycles followed by four cycles of docitaxel to each 
patient. The same patients were followed postchemotherapy for 
estimation of AMH levels. Each cycle is followed by the next after 
a period of 3 weeks. Estimation of serum AMH was done by a 
sandwich Enzyme Linked-Immuno-Sorbent Assay (ELISA) [23].

Principle: An antibody specific for human AMH is coated onto 
the wells of the microtiter plate. Samples and standards of human 
AMH are pipetted into the wells for binding to the coated antibody. 
The unbound antibodies are removed by washing. The substrate 
solution is added to the wells and colour develops in proportion to 
the amount of human AMH bound to antibody in the initial step. 
The intensity of the colour is measured and the absorbance is 
proportional to the amount of human AMH.

results
[Table/Fig-1] mentions about the serum AMH levels- The study 
group-IA (prechemotherapy) AMH value ranged between 0.82- 
2.76 ng/mL (mean ± SD=1.67 ± 0.44) as compared to 1.24 - 2.68 
ng/mL of control group (group II) (mean± SD=1.9 ± 0.37) and this 
difference was statistically significant (p<0.05). 

The study group-IB (postchemotherapy) AMH value ranged 
between 0.54 - 1.78 ng/mL (mean ± SD=1.03 ± 0.25) as compared 
to 1.24-2.68 ng/mL control group (group II) (mean ± SD=1.9 + 0.37) 
and was found to be statistically highly significant (p<0.001) [Table/ 
Fig-2]. 

The group-IB (postchemotherapy) AMH mean ± SD value was 1.03 
± 0.25ng/mL and that of prechemoherapy group (group-IA) was 
mean ± SD=1.67 ± 0.44ng/mL and p<0.001 which was statistically 
highly significant [Table/Fig-3].

[Table/Fig-4] depicts mean + SD serum AMH levels in study group 
(group-IA & IB) and control group-II.

dIscussIOn
In the present study we found that there is significant decrease in 
serum AMH levels in study group as compared to control group 
both before and after chemotherapy. [Table/Fig-1,2] showed that 
there was a significant decrease in serum AMH levels in the both 
study group-IA and study group-IB as compared to control group-II  
(p<0.05 and p<0.001 respectively). 

The prechemotherapy (group-IA) serum AMH levels dropped 
significantly after chemotherapy (group-IB) (p<0.001) (as shown 
in [Table/Fig-3]). Our study supports the common opinion was 
that chemotherapy affects the OR by their toxicity on gonads in 
breast cancer as evidenced by the decrease AMH levels after 
chemotherapy [24,25].

Similar results were also reported by previous studies on breast 
cancer patients with decreased serum AMH levels in young 
breast cancer survivors who continued menstruation following 
chemotherapy when compared with their healthy controls [26]. 
Studies has also found that women who resumed regular menstrual 
cycle after chemotherapy may have decreased OR [24,25]. 
Serum AMH concentrations was decreased in these women after 
chemotherapeutic drugs administration as compared with their age 
matched healthy controls [26,27].

Decreased serum AMH levels was seen immediately after the 
initiation of chemotherapeutic drugs. Hence, AMH seems to be 
an early and sensitive plasma marker of gonadal damage giving 
a prediction of chemotherapy related outcomes in these patients. 
Another study also assayed AMH and other hormonal markers 
before, during and after chemotherapy administration and reported 
the decreased serum AMH levels after chemotherapy indicating 
direct chemotherapy induced damage to the GC and hence growing 
follicles and ultimately the follicle pool resulting in decreased OR. 
Higher serum AMH levels in these patients before chemotherapy 
were predictive of higher levels after chemotherapy [19].

Anderson et al., conducted a study in which different markers of 
OR like AMH, E2, FSH, inhibin B, AFC were studied in patients 
who received adjuvant treatment. They observed significantly 
decreased or undetectable serum AMH levels after chemotherapy 
similar to other previous studies [28]. Among these markers serum 
AMH demonstrated its role as an early indicator of chemotherapy-
induced ovarian follicle loss. Authors suggested that FSH and AMH 
concentration measurements would be useful for the comparison of 
ovarian toxicity of different chemotherapy drugs [29]. Researchers 
concluded that AMH levels before chemotherapy was a useful 
predictor of loss of ovarian function following chemotherapy in 
women with breast cancer [25].

Dillon et al., reported that prechemotherapy serum AMH levels above 
2 ng/mL were predictive of better recovery after chemotherapy [30]. 

[table/Fig-1]: Serum AMH levels in study group-IA (Prechemotherapy) and control 
group-II. (S= Significant)

gRouP aMh (ng/ml)

Study Group (IA) 1.67 ± 0.44

Control Group (II) 1.9 ± 0.37

p-value <0.05

Significance S

[table/Fig-2]: Serum AMH levels in study group-IB (postchemotherapy) and control 
group-II. (HS= Highly Significant)

gRouP aMh (ng/ml)

Study Group (IB) 1.03 ± 0.25

Control Group (II) 1.9 ± 0.37                     

p-value <0.001

Significance HS

[table/Fig-3]: Serum AMH levels in study group-IA (Prechemotherapy) and study 
group-IB (Postchemotherapy). (HS= Highly Significant)

gRouP aMh (ng/ml)

Study Group (IA) 1.67 ± 0.44

Study Group (IB)  1.03 ± 0.25

p-value <0.001

Significance HS

[table/Fig-4]: Showing mean + SD serum AMH levels in study group (group-IA & 
IB) and control group-II.
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In the similar study researchers found that pre-treatment serum AMH 
concentration was lower in women treated for breast cancer who 
were amenorrheic one year after chemotherapy, although Yu et al., 
does not observed such difference in serum AMH levels [28,31].

Women’s who resumed menstruation after adjuvant treatment 
reported to have decreased fertility and early menopause in later 
life. The probability of early menopause and infertility in these 
patients depends on their age at diagnosis, type of cancer and the 
drug regimen they were given as chemotherapy, being more with 
alkylating agents [32].

lImItAtIOns
The present study has a number of limitations. Firstly, in present 
study we had collected just single serum sample of AMH only 
after complete course of chemotherapy. This could be done at 
more frequent intervals at first, third, sixth and after last cycle of 
chemotherapy to see the more exact results after chemotherapy 
administration. It was not performed so frequently because it was not 
available in our laboratory and is very costly. Second limitation is that 
ovarian reserve was not measured by other serum and ultrasound 
markers. AMH correlation with ovarian reserve marker would have 
broaden our aspects of understanding.

cOnclusIOn
While treating patients with chemotherapy, knowledge of the precise 
time point by which the OR is depleted is of great importance for 
the decision regarding the optimal adjuvant hormonal treatment. 
Presently, data is insufficient to support routine assessment of 
this biomarker priorto chemotherapy.  The results of the present 
study support the diagnostic value of AMH as a reliable marker of 
OR in breast cancer patients. Prechemotherapy AMH could be a 
predictive marker of long term postchemotherapy loss of ovarian 
function along with previously established individualising predictor, 
i.e. age. Serum AMH levels before chemotherapy may guide 
clinicians and women being a valuable marker of OR, which may 
facilitate reproductive planning in these women and taking decision 
regarding adjuvant endocrine therapy. Further studies are required 
to establish the use of this hormone as OR marker in appropriate 
stages of the disease before, after and up to at least one year after 
finishing adjuvant chemotherapy.
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