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Abstract
Recent advances in targeted therapy with monoclonal antibodies have significantly improved outcomes for people with can-
cer, sometimes allowing patients to avoid ovotoxic agents altogether. The current understanding is that monoclonal antibody 
cancer therapies that are not targeted to ovarian antigens should not impact ovarian reserve or increase the risk of primary 
ovarian insufficiency (POI). We present a case of rapid onset POI in a 23-year-old patient following chemotherapy for relapse/
refractory B-cell acute lymphoblastic leukemia with a monoclonal antibody drug-conjugate, inotuzumab ozogamicin, that 
targets CD22. She was also treated with intrathecal methotrexate, cytarabine, and vincristine which are typically considered 
low risk for ovotoxicity. She was ovulatory with an AMH of 1.0 ng/mL prior to treatment and 2 months later was found to 
have an undetectable AMH. The patient experienced a canceled fertility preservation cycle due to an absent response to 
gonadotropins during ovarian stimulation. Consideration should be given to potential gonadal effects of monoclonal antibody 
therapies that may not have previously been explored.
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Introduction

Future fertility is a significant concern for people with a 
recent cancer diagnosis [1]. In particular, people treated with 
certain cytotoxic agents or radiation are at risk for primary 
ovarian insufficiency (POI). The mechanisms of action for 
ovarian injury may include either follicular dysfunction, fol-
licle depletion, or oocyte depletion [2]. Alkylating agents 

are a mainstay of many cancer chemotherapeutic regimens 
and are also known for being ovotoxic. The degree to which 
other chemotherapeutic agents may affect the ovaries is often 
compared to the alkylating agent cyclophosphamide [3]. 
Recent advancements in targeted therapy with monoclonal 
antibodies have significantly improved outcomes for people 
with cancer, sometimes allowing patients to avoid ovotoxic 
agents altogether [4], and are a promising treatment for spar-
ing reproductive function. The current understanding is that 
monoclonal antibody cancer therapies that are not targeted 
to ovarian antigens should not impact ovarian reserve or 
increase the risk of POI.

We present a case of rapid onset POI in a patient follow-
ing chemotherapy for relapse/refractory B-cell acute lymph-
oblastic leukemia (RR B-ALL) with a monoclonal antibody 
drug-conjugate, inotuzumab ozogamicin (IO). IO is a mono-
clonal anti-CD22 antibody conjugated to a cytotoxic agent, 
calicheamicin [5]. The CD22 antigen targeted by IO is a 
transmembrane sialoglycoprotein protein that is expressed in 
more than 90% of patients with B-ALL. Notably, the CD22 
antigen is not expressed on non-B lineage cells nor hemat-
opoietic stem cells, making it an attractive therapeutic target 
[5]. Furthermore, it is not known to be widely expressed 
in the ovary. Once IO is internalized within the target cell, 
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calicheamicin is metabolized to form an enediyne diradical 
that induces DNA double-stranded breaks [5]. In a phase 
III clinical trial, IO demonstrated improved efficacy over 
standard care in the treatment of acute lymphoblastic leu-
kemia [6]. IO therapy is reported as being well-tolerated, 
and to date, there are no human reports of an impact of IO 
therapy on the ovaries. Preclinical animal toxicology studies 
have raised concerns that IO may influence fertility at doses 
higher than the recommended maximal dose in humans. 
When rats were exposed to increasing levels of IO during 
the preconception period, mated female rats had a higher 
prevalence of resorbed embryos and a lower gravid uterus 
weight. Additionally, ovarian atrophy was demonstrated in 
cynomolgus monkeys when exposed to increasing doses of 
IO. However, no studies explicitly demonstrated ovotoxicity 
[7, 8]. Some monoclonal antibodies used for childhood can-
cers such as rituximab have not been associated with fertility 
impairment whereas other monoclonal antibody therapies 
like dinutuximab and atezolizumab have limited animal data 
or no data at all on their reproductive impacts [9]. Our case 
report raises questions of a potential adverse effect of IO on 
the ovarian reserve independently or in combination with 
ancillary chemotherapeutic agents.

Methods

Data were extracted from the electronic medical record of 
the patient and included the history of present illness, medi-
cal history, and evaluation necessary for planned fertility 
preservation. The University of Chicago Internal Review 

Board determined this case to be exempt from an extended 
review (IRB 22-0114).

Case presentation

A 23-year-old G0 woman presented to the University of Chi-
cago Section of Reproductive Endocrinology and Infertility 
in January 2020 for a fertility preservation consultation prior 
to a preparative regimen and total body irradiation in antici-
pation of a stem cell transplant for treatment of RR-BALL.

Until her diagnosis with B-ALL, her medical history was 
unremarkable. The patient underwent menarche at age 12 
with regular menstrual cycles and had no prior pregnancy 
history or attempts.

Upon initial diagnosis of B-ALL in 2011 at age 15, 
she underwent the Children’s Oncology Group Protocol 
AALL0232 [10]. She initiated treatment in December of 
2011. Her protocol included a 4-week induction chemother-
apy regimen of intrathecal (IT) cytarabine, intravenous (IV) 
vincristine, IV daunorubicin, IT methotrexate, and intra-
muscular (IM) PEG-asparaginase. In January of 2012, she 
was transitioned to consolidation therapy of IV cyclophos-
phamide, cytarabine, oral mercaptopurine, IV vincristine, 
IM PEG-asparaginase, and IT methotrexate. She received 
maintenance therapy from 2012 to 2014 which consisted 
of thioguanine, methotrexate, vincristine, cytarabine, and 
Erwinia asparaginase (Fig. 1). She completed therapy in 
2014 at age 16. Notable complications of therapy included 
the development of deep vein thrombosis and an allergy to 
PEG-asparaginase that was subsequently substituted with 

Fig. 1  Timeline of chemotherapy and primary ovarian insufficiency. 
Abbreviations: AFC, antral follicle count; AMH, anti-mullerian hor-
mone; DEX, dexamethasone; FSH, follicle-stimulating hormone; IO, 

inotuzumab; IT, intrathecal; IV, intravenous; LH, luteinizing hor-
mone; MP, mercaptopurine; MTX, methotrexate
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Erwinia asparaginase. She did not undergo any fertility pres-
ervation prior to this treatment.

She experienced amenorrhea at age 15 during the B-ALL 
chemotherapy. Menstruation resumed at age 17 several 
months after treatment completion of maintenance treat-
ment. Menstrual cycles were regular occurring approxi-
mately monthly.

She remained in remission until January 2020, when at 
age 23, recurrence of B-ALL was confirmed with bone mar-
row aspirate. Unfortunately, her recurrence included central 
nervous system involvement. After her recurrence was diag-
nosed, she had a consultation for fertility preservation. At 
the time, she had an anti-mullerian hormone level of 1.0 ng/
mL, random follicle-stimulating hormone (FSH) level of 4.6 
mIU/mL, luteinizing hormone (LH) of 8.3 IU/L, estradiol 
of 100 pg/mL, and an antral follicle count of 15 (Table 1). 
She was ovulatory at this time and had reported regular men-
strual cycles since the discontinuation of her maintenance 
therapy at age 17.

While awaiting stem cell transplant, she initiated mainte-
nance therapy with IT methotrexate 15 mg once at the start 
of therapy, followed by combination IT methotrexate 15 mg 
and cytarabine 40 mg on her 6th and 35th days of treatment. 
Additionally, she received inotuzumab 0.77 mg × intrave-
nously on the 2nd and 16th days of treatment (Fig. 1). A plan 
was made to pursue fertility preservation after completion of 
maintenance therapy but prior to her preparative treatment 
and stem cell transplant.

Ovarian stimulation

Due to the start of the COVID-19 pandemic, her fertility 
preservation care was transferred to a collaborating clinic 6 
weeks after her initial consultation. At her baseline evalu-
ation for ovarian stimulation, her AMH was undetectable 
(< 0.08 ng/mL), FSH and E2 values were 15.7 mIU/mL 
and 100 pg/mL, respectively (Table 1), and transvaginal 
ultrasound detected an antral follicle count of 0. The patient 
also reported no menses since her last menstrual period on 
January 24, 2020, shortly after her initial fertility preser-
vation consultation. The patient was counseled on the low 

likelihood of a successful egg retrieval if she were to pursue 
cryopreservation. However, the patient elected to proceed 
with ovarian stimulation. Despite gonadotropin stimulation 
with an FSH agent 300 IU which was increased to 450 IU, 
and also human menopausal gonadotropin of 150 IU, she 
experienced no follicular growth and her estradiol peaked 
at 47 pg/mL. Her cycle was canceled on day 11 for no fol-
licular response.

One week following discontinuation of ovarian stimula-
tion, the patient underwent transvaginal ultrasound which 
demonstrated an 18 mm and 9 mm ovarian cystic structure. 
She did not experience spontaneous menses after this evalu-
ation. One month later, her FSH was 54.5, LH 39.2, and 
estradiol 32 pg/mL. Two months later, her gonadotropins 
continued to be elevated with an FSH of 78 IU/mL and an 
estradiol level < 10 (Table 1). She continued to be amen-
orrheic and began experiencing hot flashes and vaginal 
dryness.

She was diagnosed with primary ovarian insufficiency 
and started on hormone replacement therapy with estradiol 
0.1 mg/24 h patch and micronized progesterone 200 mg 
nightly for 12 nights per month. The patient experienced an 
improvement in perimenopausal symptoms and began hav-
ing regular withdrawal bleeds. Ultimately, she completed 
treatment for her R-BALL which included total body irradia-
tion and a stem cell transplant. She is currently in remission.

Sixteen months later, she discontinued hormone replace-
ment therapy. One month later, her AMH was retested and 
remained undetectable, FSH was 97.9, and estradiol was < 
15 (Table 1). Anti-adrenal antibody testing was negative. 
She restarted hormone replacement therapy, and although 
she has been informed of her options for family building 
with donor oocytes, she is not currently interested in fertility. 
A summary timeline of events is provided in Fig. 1.

Discussion

We present a case of rapid onset primary ovarian insuf-
ficiency after treatment with chemotherapy thought to be 
relatively benign to the ovaries or with unknown impact on 
the ovary. This patient presented with borderline diminished 

Table 1  Gonadotropin and hormone lab values

* Lab not collected

1/16/2020 3/25/2020 4/14/2020 5/20/2020 6/18-6/19/20 8/27/21

Anti-mullerian hormone (ng/mL) 1.0 Undetectable * * Stem cell transplant Undetectable
Follicle-stimulating hormone (mIU/mL) 4.6 15.7 54.5 72.8 97.9
Luteinizing hormone (mIU/mL) 8.3 * 39.2 67.2 48.0
Estradiol (pg/mL) 100 100 32 < 10 < 15
Antral follicle count 15 0 * 1 *
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ovarian reserve but with demonstrably functional ovaries 
and regular menstrual cycles prior to maintenance treatment 
for the recurrence of B-ALL. Adjunct agents used in her 
maintenance treatment including intrathecal methotrexate, 
and cytarabine, present a low risk of ovotoxicity which raises 
the possibility that IO may have contributed to this patient’s 
rapid onset POI [11, 12].

Inotuzumab

To date, IO has not been associated with primary ovarian 
insufficiency in human clinical trials. In a 2016 open-label, 
two-arm, randomized, phase 3 trial of inotuzumab compared 
to standard therapy for ALL, no reproductive adverse effects 
were reported [6]. IO is rapidly internalized and delivers 
the calicheamicin (cytotoxic antibiotic agent) intracel-
lularly wherein it binds to the minor groove of DNA and 
induces double strand cleavage and subsequent apoptosis 
[5]. Double-stranded DNA breaks are known to cause injury 
to the ovarian follicular pool. An older study on a proposed 
chemotherapeutic agent with anti-CD22 activity linked to 
ricin demonstrated a significant decrease in ovarian size in 
mice [13]. In the 2016 Multiple-Discipline Review for the 
Center for Drug Evaluation and Research, it was reported 
that ovarian atrophy was seen in a colony of monkeys treated 
specifically with IO [8]. Altogether, limited animal data sug-
gest that it is possible IO could lead to either granulosa cell 
or oocyte injury. It is also conceivable that IO may have a 
synergistic effect with one of the other agents included in 
this patient’s chemotherapeutic regimen. The patient also 
received intensive intrathecal cytarabine, methotrexate, and 
hydrocortisone. Although these agents are not typically 
associated with ovotoxicity, it is conceivable that they could 
have contributed to this patient’s POI. Potentially, one of the 
agents may allow the calicheamicin to be liberated prema-
turely in the vicinity of granulosa cells or oocytes. Another 
possibility is that although CD22 has not been described in 
the ovarian tissue thus far, it may in fact be expressed in the 
ovaries at certain stages of cellular growth that leave the cell 
more vulnerable to damage. Alternatively, it is possible that 
ovarian tissue may express an antigen similar to CD22 such 
that there is cross-reactivity with the conjugated antibody 
in IO.

Cytarabine

Cytarabine is an antimetabolite that inhibits DNA polymer-
ase and can also inhibit DNA synthesis in the S phase of cell 
division [14]. This mechanism of action has not been shown 
to be particularly ovotoxic. By combining the knowledge 
of the reproductive effects of agents with known reproduc-
tive toxicity, such as cyclophosphamide, into regimens in 
which agents with less data appear, the reproductive impact 

of agents such as cytarabine may be inferred. In a case 
series of young women completing conditioning treatment 
in preparation for stem cell transplant, one patient, age 21, 
was treated with cytarabine (3 g/m2 BID for 4 days), and 
total body irradiation (TBI) with ovarian shielding. Notably, 
she received a calcineurin inhibitor and a short course of 
methotrexate, similar to our patient, for GVHD prophylaxis. 
She experienced amenorrhea after treatment but recovered 
menses nearly a year after treatment and had a demonstra-
ble rise in AMH from undetectable to 0.39 ng/mL. Impor-
tantly, she also was able to conceive and had a live birth in 
the years following her treatment. Pretreatment AMH was 
not described in this case series [15]. In this case, a young 
woman who experienced potentially more ovotoxic treat-
ment with TBI had reasonable resumption of ovarian func-
tion after treatment [15].

In a cohort of 7 women with various forms of leukemia 
or lymphoma, who received a hyper-CVAD protocol (cyclo-
phosphamide, vincristine, doxorubicin, and dexamethasone 
followed by methotrexate and cytarabine), all but one had 
a resumption of ovarian function determined by menstrual 
activity [16]. While it is possible that cytarabine could nega-
tively impact the ovaries, the mechanism of action is not 
commonly known to have serious ovotoxic effects. Further-
more, limited clinical data have demonstrated that women 
exposed to cytarabine as well as other more ovotoxic agents 
have experienced a resumption of ovarian function.

Methotrexate

Methotrexate is a widely used antimetabolite with an impor-
tant role in oncology, rheumatology, and gynecology. By 
inhibiting dihydrofolic acid reductase, methotrexate impairs 
DNA synthesis and repair. It may also have anti-inflamma-
tory or immunosuppressive actions as well [17]. Generally, 
antimetabolites like methotrexate and cytarabine are consid-
ered to have a low risk of ovotoxicity [11, 12]. Studies have 
demonstrated that even high doses of methotrexate have lim-
ited if any impact on ovarian function. In a case series from 
Shamberger et al., women receiving high dose methotrexate 
for the treatment of osteosarcomas continued to have men-
strual cycles during and after treatment and gonadotropins 
remained in the normal range [18]. In a prospective study 
of women with a history of IVF who completed systemic 
methotrexate treatment for an ectopic pregnancy, pre- and 
post-treatment AMH levels and IVF outcomes did not dif-
fer [19].

Our case report presents some limitations. Although 
we did evaluate for anti-21-hydroxylase antibodies, we did 
not evaluate other autoimmune conditions, a karyotype, 
and other genetic conditions such as a fragile X premuta-
tion which are known to lead to POI. Given the temporal 
relationship between the onset of this patient’s POI and 
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chemotherapy, we felt that many of the conditions that could 
result in POI were unlikely in this case.

The present case also makes it challenging to disentangle 
an independent influence of IO from other chemotherapeutic 
agents used during her initial treatment (consolidation and 
maintenance) or during maintenance treatment for her recur-
rence. Most would consider women with an AMH of 1.0 
at the age of 23 as having diminished ovarian reserve. It is 
possible that her initial chemotherapeutic treatment, which 
included known ovotoxic agents such as cyclophosphamide, 
may have sensitized the ovary to negatively respond to her 
relapse maintenance therapy when such agents may not have 
typically resulted in POI. It is also possible that the initial 
therapy resulted in an expected reduction of her follicular 
pool. Having diminished ovarian reserve may have made 
her ovaries more vulnerable to IO with or without the meth-
otrexate and cytarabine than might typically be expected 
in someone with a normal ovarian reserve. Although the 
data on the reproductive effects of IO are limited, and other 
monoclonal antibodies for pediatric cancers have limited or 
no reproductive consequences, there are animal data to sup-
port that some monoclonal antibodies could be ovotoxic. 
A 2021 study of checkpoint inhibitor pembrolizumab in a 
prepubertal mouse model found that PD-1 checkpoint block-
ade affects the ovarian reserve through a mechanism pos-
sibly involving inflammation-mediated follicle depletion. 
In contrast to IO, PDL-1 expression, the target antigen of 
pembrolizumab, was demonstrated in the murine ovary [20]. 
These findings support the role of either a direct effect of 
anti-PDL-1 treatment or resultant inflammatory responses 
on ovarian function. It is possible that alteration of circu-
lating immune cells and systemic cytokine levels, in the 
absence of direct antigen-antibody interactions in the ovary, 
may directly impact fertility.

Beyond our patient’s diagnosis of RR-BALL, and a his-
tory of venous thromboembolism, she was healthy during 
the onset of her POI. However, we cannot exclude another 
underlying medical condition that could have predisposed 
this patient to POI. Importantly, we were able to capture 
an assessment of her ovarian reserve shortly before main-
tenance therapy that demonstrated a reasonable ovarian 
reserve and normal function, which may reduce the likeli-
hood that there was an underlying medical condition influ-
encing her ovaries. Because IO is relatively new and to date, 
there are no human clinical data on the fertility impacts of 
IO, our patient may have demonstrated an impact of IO 
that has only previously been described in animal data. 
Ultimately, we present a case report which was an isolated 
event, thus it is possible that multiple factors, or an agent 
independent of IO, may have contributed to this patient’s 
rapid onset POI.

Future studies may aim to evaluate the role of inotuzumab 
or CD22 expression in the ovary over time. More broadly, 

because the use of monoclonal antibodies and other cancer 
immunotherapies has expanded rapidly in recent years, addi-
tional data are needed on the role of these agents on ovarian 
function [21]. Additionally, any other cases of POI occurring 
with the use of inotuzumab or in combination with other 
maintenance agents such as intrathecal methotrexate and 
cytarabine should be reported to understand if the current 
case was an isolated occurrence or demonstrates a previously 
unknown mechanism of action of these drugs or a window 
of vulnerability for the ovary.
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