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Abstract: Background: Worldwide, breast cancer (BC) is the most common malignancy in the female
population. In recent years, its diagnosis in young women has increased, together with a growing
desire to become pregnant later in life. Although there is evidence about the detrimental effect of
chemotherapy (CT) on the menses cycle, a practical tool to measure ovarian reserve is still missing.
Recently, anti-Mullerian hormone (AMH) has been considered a good surrogate for ovarian reserve.
The main objective of this paper is to evaluate the effect of CT on AMH value. Methods: A systematic
review and meta-analysis were conducted on the PubMed and Scopus electronic databases on articles
retrieved from inception until February 2021. Trials evaluating ovarian reserves before and after CT
in BC were included. We excluded case reports, case-series with fewer than ten patients, reviews
(narrative or systematic), communications and perspectives. Studies in languages other than English
or with polycystic ovarian syndrome (PCOS) patients were also excluded. AMH reduction was the
main endpoint. Egger’s and Begg's tests were used to assess the risk of publication bias. Results:
Eighteen trials were included from the 833 examined. A statistically significant decline in serum
AMH concentration was found after CT, persisting even after years, with an overall reduction of
—1.97 (95% CI: —3.12, —0.82). No significant differences in ovarian reserve loss were found in the
BRCA1/2 mutation carriers compared to wild-type patients. Conclusions: Although this study has
some limitations, including publication bias, failure to stratify the results by some important factors
and low to medium quality of the studies included, this metanalysis demonstrates that the level of
AMH markedly falls after CT in BC patients, corresponding to a reduction in ovarian reserve. These
findings should be routinely discussed during oncofertility counseling and used to guide fertility
preservation choices in young women before starting treatment.
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1. Introduction

Breast cancer (BC) is the most common cancer in the female population, with an
estimated 2.3 million new cases worldwide in 2020 [1].

While the death rate has dropped by 40% since 1989, an increase in BC among young
women has been reported, with around 10% of new cases diagnosed in patients younger
than 40 years old [2].

Physicians should carry out counseling on fertility issues and fertility preservation in
patients who have not completed childbearing before starting treatment [3].

Recent evidence has shown that age and the use of cyclophosphamide-based chemother-
apy are the main factors influencing ovarian failure. In particular, the risk of chemotherapy-
induced amenorrhea (CIA) was 55% [95% CI 50-60%], ranging from 26% to 77% in women
younger than 35 years old compared to those older than 40 [4]. ]. However, CIA might not
be the best indicator of fertility because resumption of menses can resume even one year
after chemotherapy treatment [4]. In the last two decades, there has been increased interest
in the role of anti-Mullerian hormone (AMH) as a marker of ovarian reserve. Preantral
and antral follicles, which remain in the growing phase for many weeks, independently
of FSH or menses fluctuation, release AMH [5]. AMH is superior in terms of accuracy
compared to other conventional indicators of ovarian function such as menstruation, estra-
diol or FSH [6,7]. Recently, a growing body of literature has been published on the effect
of chemotherapy on the ovarian reserve in women with BC, assessed by AMH [8-25].
The summarization and synthesis of these results could provide BC patients and health-
care professionals with crucial information on the reproductive health consequences of
chemotherapy treatment and the possibility of achieving pregnancy after completion of
endocrine therapy.

In this context, this systematic review aims to evaluate the impact of chemotherapy
treatment on the ovarian reserve in fertile women with BC through the quantification
of AMH.

2. Materials and Methods

The present work has been reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement [26].

2.1. Research Question

To address our objective, we structured a specific research question based on the
PI/ECOS framework (Population, Intervention/Exposure, Comparison, Outcome, Set-
ting/Time) as follows:

e Population: Fertile women who have been diagnosed with breast cancer and have
gone through chemotherapy treatment

Intervention: Chemotherapy treatment

Comparison: Not Applicable

Outcome: Ovarian reserve measured by AMH

Setting /Time: All

2.2. Literature Search

The research was conducted on the PubMed and Scopus electronic databases. A search
string was first built for PubMed, using MeSH terms, Boolean operators, and free text
words. The string was subsequently adapted for use in the other database. The search was
restricted to articles published in English, without any further restrictions and was last
performed on 17 February 2021 for all databases. Supplementary Material (Table S1) shows
the complete search strategy.

The reference lists of included studies were hand-searched for additional articles.
Reference lists with trials, previous reviews or meta-analyses were also reviewed.
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2.3. Study Selection and Inclusion/Exclusion Criteria

All studies that compared AMH levels at baseline and after chemotherapy in BC
patients younger than 50 years old were considered pertinent. Only studies that reported
a minimum of one-month follow-up were included in the systematic review. Only peer-
reviewed articles reporting primary data, with no time limits, were included. We excluded
case reports, case-series (reporting data for fewer than ten patients) reviews (narrative or
systematic), communications and perspectives. We also excluded studies in languages
other than English or with polycystic ovarian syndrome (PCOS) patients.

All articles retrieved from the search strategy were imported to Rayyan QCRI [27]
and duplicates were removed. Two independent reviewers (A.R. and LR.) selected the
identified studies based on the title and abstract. We evaluated the full-text version of the
studies if the title or abstract did not clarify the topic.

Discussion by a multidisciplinary team, including breast surgeons (S.B., S.M.F. and
D.P), gynecologists (Iv.R. and C.M.), a radiologist (P.M.R.) and medical oncologists (A.L.,
FM. and I.P) resolved uncertainties about the eligibility of the papers. A statistician
experienced in meta-analysis (D.Z.), along with the two reviewers, analyzed data. We
discussed the results in a multidisciplinary setting.

Finally, an expert committee (G.F.,, RM., G.S., A.F. and G.G.) performed an indepen-
dent review and gave the final approval.

2.4. Data Extraction

Two researchers (A.R. and L.R.) performed the data extraction process. We used a
standardized Excel spreadsheet to extract following data: first author; year of publication;
study design; sample size; mean age of patients; type of chemotherapy; follow-up duration;
AMH assay; basal AMH; AMH immediately after chemotherapy; and AMH at 6 months,
1 year, 2 years and 3 years of follow-up.

2.5. Data Synthesis and Statistical Analyses

Treatment effect, defined as the difference between basal AMH and the value of AMH
immediately, 6 months, 1 year, 2 years and 3 years after treatment, was calculated for each
included study. If the AMH was undetectable after chemotherapy, we used the lower
detection limit for the specific assay. The variance in the treatment effect, derived from
standard deviations or standard errors of paired differences between baseline and the
end of follow-up, was calculated. If these statistics were not given, they were calculated,
where appropriate data were available [28]. The mean effect size was calculated using the
inverse variance method in random-effect models. Forest plots were used for the graphical
representation of each study. Heterogeneity was examined using the I? test, with 12 > 50%
considered important [29]. Publication bias was examined using the analyses described by
Egger and Begg, where p < 0.05 indicated significant publication bias [30,31]. Galbraith’s
test and sensitivity analysis were conducted to investigate the impact each study had on
the overall estimate and its contribution to Q-statistics [32]

An overall analysis of data from all studies was performed (at 1 month, 6 months,
1 year, 2 years and 3 years of follow-up). Subsequently, to account for confounding factors,
subgroup analyses were performed based on the patient’s age, AMH kits used, BRCA
status, chemotherapy regimen and hormone therapy. Statistical analysis was performed
using Cochrane Collaboration RevMan 5.1 software (http:/ /www.cochrane.org, accessed
on 16 May 2021) and STATA software (StataCorp, 2015, Stata Statistical Software: Release
15; StataCorp LP 4905 Lakeway Drive, College Station, TX, USA).

2.6. Quality Assessment

The methodological quality of the included studies was assessed based on the study
design. The Newcastle-Ottawa scale was applied for cohort studies to evaluate the fol-
lowing quality parameters: selection of study groups, comparability of study groups and
ascertainment of outcome, giving scores that range from 0 to 9. The Jadad tool was used
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to assess the methodological quality of randomized controlled trials (RCTs) included in
the systematic review. It evaluates the randomization process, blinding, dropouts and
withdrawal and assigns up to 5 points. To summarize the overall evidence quality, we
grouped the articles into three categories: good methodological quality (studies that met
at least 75% of the quality criteria), moderate methodological quality (studies that met
between 50% and 74% of the quality criteria) and poor methodological quality (studies that
met less than 50% of the quality criteria).

3. Results

Figure 1 shows the number of studies assessed and excluded through the stages of
the meta-analysis.

Identification of studies via databases and registers

. . Records removed befare the screening:
Records identified from*:

Databases
Scopus (n =728)
Pubmed (n = 105)

Duplicate records removed (n = 46)
Records marked as ineligible by

automation tools {n = 0)

]
-
=
-
]
=
=
]
]
=

Records removed for other reasons (n = 0)

v
Records screened Records excluded
— —»
(n=T87) (n=691)
¥

Reports sought for retrieval Reports not retrieved
(n =96) (n=10)

Y

Seraaninn

v
Reports excluded:

Reports assessed for eligibility Markers other than AMH (n = 37)
(n=96) Full data not reported (n = 35)
Same patients (n=1)

Other language (n=2)
— Case reports (n=3)
Polycystic ovary syndrome (n=1)

Al

Studies included in the review Other studies
(n=17) n=1)

!

Studies included in the review
(n=18)
Studies included in the meta-

Included

analysis

Figure 1. PRISMA flow diagram.

3.1. Bibliographical Search

The defined search strategy retrieved 833 studies from PubMed and Scopus. After
the first screening process, 96 articles were deemed pertinent, and their full texts were
thoroughly read. Based on this step, 79 articles were excluded for the following reasons:
outcome other than AMH, incomplete data and full text in languages other than English.
One study was excluded because it reported the same sample of patients as another [33]
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and three studies were excluded because they included fewer than ten patients [34-37].
One article was additionally added after hand-searching the references of the included
studies [8]. A total of 18 studies were deemed eligible for this systematic review and
meta-analysis [8-25]. Anderson et al. carried out two studies on the same population but
with different follow-up periods; thus, both studies were included [10,11].

3.2. Description of the Included Studies

The main characteristics of the included studies are shown in Supplementary Material
(Tables S2 and S3). Nine studies (50%) were carried out in Europe [10,11,15,16,18,21-24], three
(16%) were carried out in the USA [17,20,25], four (22%) were carried out in Asia [8,9,12,19],
one (6%) was carried out in Africa [14] and one (6%) was carried out in South America [13].

All included studies had a cohort design [8-11,13-15,17-23], except for three
RCT [16,24,25] and one case—control study [12]. The study by Trapp et al. was a sub-
analysis of the SUCCESS-A study [37]. It compared the disease-free survival (DFS) of
patients receiving three cycles of fluorouracil, epirubicin and cyclophosphamide (FEC)
followed by three cycles of docetaxel (D) versus three cycles of FEC chemotherapy followed
by three cycles of gemcitabine and docetaxel (DG). This study included only premenopausal
patients, younger than 40 years old, treated with FEC-D. The RCT of Hadji et al. and
Yu et al. randomized patients to receive zoledronic acid versus a placebo after the standard
treatment. For both studies, the two aims were combined in the overall analysis [16,25].

The sample size varied from 23 [13] to 250 patients [15], for a total of 1219 women.
The mean age varied from 26 [13] to 41 [10,11]. The chemotherapy regimen was variable
(cyclophosphamide, FEC, FEC-D, FEC-D plus methotrexate plus fluorouracil (CFM), dox-
orubicin plus cyclophosphamide (AC) in association with taxanes (AC-T), treatment with
aGnRH during or after chemotherapy, and hormone therapy often not reported (in 52%,
32% and 37% of the studies, respectively). Six different AMH kits were used. Elecsys
AMH assay was used in four studies [13,18,21,22], AMH Gen II assay was used in six
studies [8,12,16,17,19,24], four articles used the Immunotech (IOT) [10,11,14,15], one article
used the Diagnostic Systems Laboratories (DSL) [25], one used the ultrasensitive AMH
ELISA kit [23] and one used the picoAMH ELISA kit [20]. One study did not specify the
AMH Kkits used [9].

Seven studies reported AMH value immediately after chemotherapy [8,9,14,17,21,24,25],
four studies reported it six months after chemotherapy [10,14,16,25], ten studies reported
it one year after chemotherapy [10,13,16-20,22,23,25], four studies reported it two years after
chemotherapy [11,15,20,24] and three studies reported it three years after chemotherapy [11,18,22].

3.3. Quality Assessment

Five out of fifteen cohort and case—control studies were considered of high quality
(satisfied 75% or more of the quality criteria), while two out of three RCT were of medium
quality (satisfied between 50% and 74% of the quality criteria) (Supplementary Material:
Tables 54 and S5).

3.4. Meta-Analysis

All studies were analyzed, followed by a subgroup analysis for age, AMH kits and
BRCA status. The insufficient data did not permit the subgroup analysis for a chemotherapy
regimen and endocrine therapy.

3.4.1. Ovarian Reserve after Chemotherapy

An analysis of seven studies including 410 patients revealed a statistically significant
decline in serum AMH concentration immediately after chemotherapy, with an overall re-
duction of —1.97 (95% CI: —3.12, —0.82). There was significant heterogeneity in the pooled
analysis (p for heterogeneity < 0.00001, 12 = 99%). After six months, there was a slight
recovery (Mean Difference (MD): —1.61 (95% CI: —2.38, —0.84)) with a pooled population
of 190 patients (p for heterogeneity < 0.00001, I2 = 89%). One year after chemotherapy, there
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was a further reduction (MD: —2.21 (95% CI: —2.95, —1.48)) (p for heterogeneity < 0.00001,
12 = 98%) to achieve a steady state after two and three years of follow-up (MD after 2 and
3 years: —2.59 (95% CI: —3.95, —1.24) (p for heterogeneity < 0.00001, 12 = 99%) and —2.57
(95% CI: —3.99, —1.15) (p for heterogeneity < 0.00001, 12 = 97%), respectively (See Figure 2)).
Galbraith’s test was conducted, but heterogeneity remained high (more than 80%). Egger’s
and Begg'’s tests showed no significant publication bias for studies assessing AMH values
immediately after chemotherapy (p = 0.5 and p = 0.3, respectively) and for those assessing
AMH values 1 year after chemotherapy (p = 0.4 and p = 0.1, respectively).

3.4.2. Subgroup Analysis

Considering the high heterogeneity in the overall analysis, subgroup analysis was
performed when data were available based on factors that could contribute to heterogeneity
between the included studies.

Subgroup Analysis: Age

The first subgroup analysis was conducted among patients with a median age of more
than 40 years old, from ages 35 to 40 years old and from ages 30 to 35 years old, one year
after chemotherapy. We included ten studies. Only one study reported results on women
younger than 30 years old [13]; thus, a meta-analysis was not performed.

An analysis of three studies including 140 patients older than 40 years revealed a
statistically significant decline in serum AMH concentration of —1.01 (95% CI: —1.37,
—0.65). Two studies (n° of pts = 134) included patients from 35 to 40 years old, reporting
a higher impairment (MD —2.69 (95% CI: —2.87, —2.50). Higher toxicity was shown in
younger patients (MD —2.73 (95% CI: —3.77, —1.70) aged between 30 and 35 years) assessed
in four studies (N = 307). Heterogeneity was acceptable (I? = 53%, I? = 0% and I? = 85%)
(See Figure 3).

Immediately after CHT Baseline Mean Difference Mean Difference
Study or Subgroup Mean sD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Al-Rawi 542018 0.06 0.04 30 205 0.54 300 14.8%  -1.99[218,-1.80] -
D'Awila AM 2017 01 01 49 285 329 52 13.6% -2B85[-374, -1.96] —_—
Eslami B 2020 0.26 nr 46 3.2 284 46 13.7% -2.84 3749, -2.09] I
Henry ML 2014 016 016 28 1895 247 28 13.8%  -1.79[260-0.98] —
Fassildas J 2019 0.01 0.0z a8 085 1.19 a8 14.7% -0.94 [-1.25, -0.63] -
Trapp EK 2017 016 016 170 38 212 170 146% -3.34 [366,-3.02] -
U Bo 2010 0.06 0.m 26 011 0.04 26 148% -0.058[-007, -0.03] =
Total (95% CI) 407 410 100.0% -1.97 [-3.12, -0.82] -
Heterogeneity: Tau®= 2.33; Chi®= 91484 df=6 (P =< 0.00001}); F=99% 54 52 g é ji
Test for overall effect: £=3.35 (F = 0.0008)

(A)

Six months after CHT baseline Mean Difference Mean Difference
Study or Subgroup Mean sSD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Anderson RA 2006 0.1 0.04 42 111 0.2 42 30.4%  -1.01 [-1.07,-0.99] L
D'Avila AW 2017 0.36 081 47 285 329 52 211% -259[3.51,-1.67] —
Hadji P 2014 037 098 70102 1.99 70 267% -065[1.17,-0.13] —&
Yu Bo 2010 0.06 0.01 26 272 228 26 21.8% -266[3.54,-1.79] —_—
Total (95% CI) 185 190 100.0% -1.61 [-2.38, -0.84] -
Heterogeneity: Tau®= 0.51; Chi®= 26,60, df= 3 {F < 0.00001); F= 89% 54 52 b é ji

Test for overall effect: Z=4.10 (F = 0.0001)

(B)

Figure 2. Cont.
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One year after CHT baseline Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anderson RA 2006 014 0.05 42 111 0.2 42 111%  -096[1.02, -0.90] "
Berjeb kKK 2020 014 0.24 23 312 264 23 9.0% -2.98[-4.06,-1.90]
Hadji P 2014 0.3 0.96 oo 102 1.88 7O 106% -072[1.24 -0.20] s
Henry ML 2014 023 022 28 185 217 28 98% -1.72[253-091] —_—
Larnbertini 2019 1.03 1.87 148 255 281 148 105% -1.52[-2.06, -0.98] -
Lee DY 2020 1.62 1.549 67 46 2.486 67 101% -2.898[-3.70, -2.26] —
Oktay KH 2020 0.1 0.8s a9 28 045 108 1A% -270[2.88 -2451] -
Ferdriz A 2017 1.6 1.36 49 A452 378 a4 9.0% -3.92[-5.00-2.84] I
Silva C 2019 0.32 0.68 34 307 285 38 9.3%  -275[3.72-1.748] —_—
YU Bo 2010 0.35 029 26 272 228 26 96% -237[3.25-1.449] —_—
Total (95% CI) 586 604 100.0% -2.21[-2.95, -1.48] -
Heterogeneity, Tau®=1.26, Chi®= 382,33, df= 9 (P = 0.00001), F= 98% 54 52 b é j‘
Testfor overall effect £= 591 (F = 0.00001)
©
Two years after CHT baseline Mean Difference Mean Difference
Study or Subgroup Mean S50 Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Anderson RA 2011 0.3z 0.av 42 1.29 0.1 42 254%  -0.97 [1.04,-0.90] u
Dezellus A 2017 0.re 1.4 2489 419 484 249 242%  -3.41[4.04,-2.78] —
Oktay KH 2020 015 0.86 T3 28 045 108 253% -265[2.86,-2.44] -
Trapp EK 2017 0.1 0.48 170 38 212 170 251%  -340[3.73,-3.07] =
Total (95% CI) 534 569 100.0% -2.59[-3.95,-1.24] et
Heterageneity: Tau®=1.89; Chi*= 442.58, df=3 {F = 0.00001); F=99% 54 52 b é ji
Testfor overall effect, 2= 3.74 (F=0.0002)
(D)
Three years after CHT baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Anderson RA 2011 014 0.04 42 1.29 0.1 42 357%  -148F1.21,-1.09] L]
Lambertini 2015 0207 0277 148 255 281 148 344% -2.34[-2.80,-1.89] &+
Perdrix A 2017 048 0,74 32 5452 378 A4 28989% -454[5458, -3.50] —a—
Total (95% CI) 222 244 100.0% -2.57 [-3.99, -1.15] e
Heterogeneity: Tau®=1.47; Chi*= 65.64, df= 2 (P = 0.00001); F=97% 54 52 g é jl
Testfor overall effect £= 3459 (F=0.0004)
(E)

Figure 2. Forest plot for post-operative AMH levels in all BC women. AMH level were assessed (A) immediately after

chemotherapy, (B) 6 months later, (C) 1 year later, (D) 2 years later and (E) 3 years later.

Subgroup Analysis: AMH Assay

We performed a subgroup analysis accordingly with different AMH kits one year after
chemotherapy (more data available). A pooled analysis of three studies (N = 225) using
Elecsys AMH kits showed a statistically significant decline in serum AMH concentration
one year after chemotherapy with an overall reduction of —2.75 (95% CI: —4.28, —1.22)
(p for heterogeneity < 0.0001, I> = 89%). The level of AMH was higher than that in the
analysis of the three studies (n = 165) using AMH Gen II kits, which revealed an overall
reduction of —1.79 (95% CI: —3-17, —0.41), also with high heterogeneity (p for heterogeneity
< 0.00001, I = 92%). Only one study used each of the other four AMH assays (DSL, 10T,
pico-AMH and ultrasensitive AMH); therefore, meta-analysis was not performed (See

Figure 4).
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One year after CHT Basal Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Anderson RA 2006 015 004 42 111 0.2 42 8B 7%  -0.8965[-1.02,-0.80] [ |
Hadji P 2014 0.3 0596 TOooo1.02 1.89 TO  26.6% -0.72[1.24,-0.20] —
Henry ML 2014 023 022 28 145 217 28 148% -1.7Z[2.53,-0.81]
Total (85% CI) 140 140 100.0% -1.01 [-1.37, -0.65] L 2
Heterogeneity: Tau®= 0.06; Chi*=4.22 df=2{F=0.12),F=53% =2 I1 3 1! é
Testfor averall effect £=552 (P = 0.00001)

(A)

One year after CHT Basal Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Oktay KH 2020 01 0.as 499 28 045 108 958T7% -2.70[2.89,-251]
Yu Bo 2010 035 024 26 272 2.8 26 4.3% 237 [3.25,-1.49]
Total (95% CI) 125 134 100.0% -2.69 [-2.87, -2.50] L 2
Heterogeneity: Tau®= 0.00; Chif= 0.81, df=1 (P = 0.47); F= 0% 54 52 3 é i
Test far averall effect £= 2867 (F = 0.00001)

(B)

One year after CHT Basal Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Lamberini 2019 1.03  1.87 148 255 281 148 27Y6% -1.52[2.06,-0.98] —=
Lee D 2020 162 1.88 i 4.6 2.56 B7  261% -2.88[3.70 -2.26] ——
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Figure 3. Forest plot for post-operative AMH levels accordingly with age. AMH levels were assessed in women (A) older
than 40 years, (B) between 35 to 40 years, and (C) between 30 to 35 years.
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Figure 4. Forest plot for post-operative AMH levels accordingly with AMH assay. AMH levels were assessed with
(A) ELECSYS kit (B) and AMH Gen II Elisa.
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Subgroup Analysis: BRCA Subgroup Analysis

A subgroup analysis was performed accordingly with BRCA status one year after
chemotherapy (more data available). An analysis of two studies including 49 patients
revealed a decline in serum AMH concentration one year after chemotherapy of —2.50
(95% CI: —2.97, —2.04) for BRCA mutated (m-BRCA) patients (p for heterogeneity < 0.00001,
I = 0), similar to the reduction for wild-type BRCA (wt-BRCA) (MD: —2.47 (95% CI: —2.68,
—2.25) on 172 patients (p for heterogeneity < 0.00001, 2 = 0)) (See Figure 5).

One year after CHT Basal Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Larmbertini 2014 013 023 ;s 282 2493 s 223% -2.69[-3.68 -1.70] —
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(B)

Figure 5. Forest plot for post-operative AMH levels accordingly with BRCA status. AMH levels were assessed at (A) m-

BRCA (B) and wt-BRCA.

4. Discussion

This paper is the first systematic review and meta-analysis to evaluate the effect of
chemotherapy on AMH in BC patients. The overall analysis revealed a marked decline
of AMH value after chemotherapy treatment. AMH levels drop significantly soon after
chemotherapy, with some recovery 6 months later. However, combining the detrimental
effect of older age and the damage caused by chemotherapy, the ovarian reserve was almost
completely depleted for women over 35 years old.

Fertile women represent almost 10% of cases with BC diagnosis [2]. In 2018, to
improve the quality of life in cancer survivors [38,39], the American Society of Clinical
Oncology suggested a discussion of this reproductive issue and offered fertility preservation
strategies before starting cancer treatment [40]. Especially for BC, generally undergoing a
polychemotherapy regimen, the risk of ovarian reserve loss is very high [41].

Different authors proposed chemotherapy-induced amenorrhea (CIA) as markers of
ovarian reserve to assess the effect of chemotherapy. Women older than 40 years of age had
between 77% to 100% risk of developing CIA (77-100%) compared with younger people
(0-40%) [42-44].

However, amenorrhea is a poor surrogate for fertility because it serves as an instant
measure of ovarian function. Above all, resumption of menses could occur after a long time.
In addition, pregnancy can also arise during amenorrhea due to sporadic ovulation [45].

In our study, we evaluate chemotherapy-induced gonadotoxicity by AMH levels. In
the last 15 years, AMH showed a strong correlation with ovarian reserve, with higher
accuracy compared with other markers such as FSH [7].

This metanalysis demonstrated a marked fall in the ovarian reserve after chemother-
apy. Although a few months later there was a slight recovery, AMH values remained in the
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poor responder’s threshold. Therefore, BC women, after ovarian stimulation, will probably
obtain a low number of oocytes, resulting in poor chances of becoming pregnant [46].

In our paper, AMH recovers following the first chemotherapy decline, dropping again
after 6 months, probably due to physiological aging decline [47]. Previously, Andersen
et al. have shown that recovery slope and peak depend on age and type of treatment; in
fact, while BC patient’s recovery was slight [10], in other cancers such as lymphoma, for
which median age is younger, recovery was greater and longer [48].

The high statistical heterogenicity found in the overall meta-analysis could be due to
the high clinical variability, including different ages, chemotherapy regimens, hormone
therapies, AMH assay kits and BRCA mutations [49]. In order to reduce heterogeneity, we
could perform a sub-group analysis for some of these items, with an overall decrease in
heterogeneity that was significant for age and BRCA status and slighter for AMH assay kit.

Instead, given the lack of data, a subgroup analysis for other items, such as chemother-
apy regimens, aGnRH treatments and endocrine therapies, remained unaddressed in this
meta-analysis. Furthermore, the differences in the methodological quality of the included
studies could contribute to the high statistical heterogeneity.

Regarding age, in our study, we showed a different chemotherapy effect accordingly
for each age category. Indeed, a lower reduction was shown for older compared with
younger women (M D was —1.01, —2.69 and —2.73 for the >40 years, 35 to 40 years and 30
to 35 years subgroups, respectively). The lower baseline level of AMH in older patients
probably explains this effect. In fact, through the years, serum AMH levels gradually
decline even in healthy women (5.6% per year) [47].

However, the most important finding from this analysis is the AMH value after
chemotherapy. It appears to be very low for women older than 35 years of age (mean
AMH values one year after CHT for the age category were 0.24 £ 0.69, 0.15 £ 0.77 and
1.14 £ 1.65 ng/mL for the >40 years, 35 to 40 years and 30 to 35 years subgroups, re-
spectively). For these patients, pre-treatment counseling should be mandatory to inform
them about the expected fertility drop. Physicians should inform women with pregnancy
desire about fertility preservation strategies that could be implemented before starting
BC treatment.

Among the 18 included studies, six different AMH assays were used. To reduce
bias, standardizing the methodology might be useful in future research, especially since
each test reported different sensitivities, detection limits and inter-variability [50]. Indeed,
heterogeneity was slightly reduced in the subgroup that used the best performing kit [51].

We also analyzed the impact of CT on AMH levels among BRCA mutation carriers
(m-BRCA). Indeed, several studies focused on their fertility potential, since the baseline
ovarian reserve is expected to be reduced because of the lack of DNA double-stranded
break repair [52]. However, studies on the reduction of AMH levels in the m-BRCA women
compared to wild type before cancer treatments are controversial, with opposite results [53].

Moreover, data on the effects of chemotherapy depending on BRCA status are poor. In
our sub-analysis, we identified only two studies. Our results suggest that BRCA mutation
do not seem to change the effect of chemotherapy on ovarian reserve (MD: —2.50 (95% CI:
—2.97, —2.04) versus —2.47 (95% CI: —2.68, —2.25) in mBRCA and wtBRCA, respectively).
Further studies are needed to clarify this issue, as the total population in the meta-analysis
was small (mBRCA n = 172; wtBRCA n = 49).

This systematic review and meta-analysis highlighted several gaps in current knowl-
edge and could potentially help guide future research. Indeed, many sub-analyses that
would be clinically very helpful and informative cannot be performed with the available
data. Many relevant questions remain unsolved: First, what is the possible role of different
chemotherapy regimens? Chemotherapy drugs are already known to impact menses in
different ways. Anthracycline has a higher risk of amenorrhea than other drugs, but it is
not known whether it directly affects ovarian reserve [4].

Second, what are the effects of GnRHa administered during and after chemotherapy
on ovarian reserve? No studies in the literature investigate this topic in patients with BC,
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although several authors have demonstrated that GnRHa could influence AMH levels in
healthy women. This question is particularly relevant for BC women since 2015. Based on
evidence from the SOFT and TEXT trials, all high-risk patients younger than 35 years of
age undergoing chemotherapy are currently receiving ovarian suppression with GnRHa as
a standard [54,55].

Third, how do AMH levels vary during adjuvant endocrine therapy? We already
know that tamoxifen could induce amenorrhea. Despite this, the effect on AMH remains
unknown. There are no data in the literature, but as 75% of women with BC are suitable for
endocrine therapy [56], we should clarify the effect of tamoxifen or aromatase inhibitors on
ovarian reserve.

The results of this meta-analysis should be interpreted in the light of some limitations,
such as publication bias, having included only peer-reviewed, English-language articles; the
failure to stratify the results by factors such as chemotherapy regimen, ovarian suppression
administration and endocrine therapy because data were unavailable; in general, the low-
to-medium methodological quality of the studies were unrepresentative and carried out on
small sample sizes, for which no stratified analysis had been performed to contain possible
confounding factors.

However, despite the above limitations, this meta-analysis provides a practical tool for
predicting ovarian reserve in BC patients undergoing chemotherapy. These findings should
be routinely discussed during oncofertility counseling and used to guide fertility preser-
vation choices or even simply to reduce the emotional stress associated with unexpected
reproductive health impairment. Future efforts should be made to improve knowledge
with more systematically collected data, precisely oriented toward clinical stratification
based on the key risk factors.
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