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Abstract

The Oncofertility Consortium Pediatric Initiative Network has published recommen-

dations about the risks of infertility due to gonadotoxic therapy. We abstracted

gonadotoxic therapies from central nervous system (CNS) Children’s Oncology Group

(COG) protocols between 2000 and 2022. We assigned them as unknown, minimal,

significant, or high levels of increased risk for gonadal dysfunction/infertility. Seven of

11 CNS protocols placed patients at a high level of risk in at least one treatment arm.

Males (7/11) were most commonly at a high level of risk, followed by pubertal females

(6/11) and prepubertal females (5/11), highlighting the importance of pre-treatment

counseling regarding fertility preservation interventions in this population.
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1 INTRODUCTION

Effective treatments for pediatric central nervous system (CNS)

tumors have reduced mortality by 50% (1969–2018), resulting in

as many survivors as leukemia and lymphoma patients.1–3 Many of

the patients who survive, however, are left with significant toxic-

ities related to treatment from surgery, chemotherapy, and radia-

tion therapy.4 The gonads are particularly sensitive to treatment,

specifically alkylator and heavy metal chemotherapy, and radiation

therapy.5–9 Additionally, radiation to the hypothalamus increases the

risk of central hypogonadism, compounding the risk of infertility.10

Several national organizations have developed guidelines for assessing

treatment-related gonadotoxicity of cancer treatments based on type

and dose of alkylator and heavy metal therapy, radiation site and dose,

and sex of the patient.11–13 These organizations also set guidelines

for counseling patients on their risk for future fertility and the possi-

bility of preserving their fertility prior to cancer-directed therapies.14

Pediatric cancer care providers have become more aware of these

risks, and counseling has increased over time.15 However, given the

fragmented care and the possibility of misinterpretations of risks at

individual institutions, we set out to guide centers on risk of infertil-

ity/gonadal dysfunction based on phase III Children’s Oncology Group

(COG) CNS protocols.

As previously reported, the Pediatric InitiativeNetwork (PIN) of the

Oncofertility Consortium developed stratification for risk of infertil-

ity/gonadal dysfunction through a working group of multidisciplinary

clinicians and researchers who were members of the PIN.16 Review-

ing the literature related to fertility outcomes in pediatric cancer

patients, the group identified alkylating agent and heavy metal expo-

sure, hematopoietic stem cell transplant (HSCT), radiation therapy

to either the gonads directly or the hypothalamus and retroperi-

toneal lymph node dissection as risk factors for infertility/gonadal

dysfunction.5–8,17–19 The working group was able to assign risk levels

(minimally, significantly, or with a high level of increased risk for infer-

tility) based on sex and pubertal status (Figure 1A,B) and treatment

exposures.16 These guidelines were developed to provide a common

language and definition of risk levels so that clinical care and research

could be standardized. It is this risk stratification schema guideline that

fertility counseling for pediatric patients is rooted.

The COG is the largest pediatric cancer group in North America,

Australia, and New Zealand. It is responsible for most phase III clinical

trials in pediatric patients in these regions. Even when open clinical

trials are not available, most institutions will utilize closed treatment

protocols to treat patients as per a previous trial based on the cur-

rent knowledge of the results.20 Furthermore, in survivorship, many

patients who need counseling about their risk for infertility/gonadal

dysfunction were treated on trials that are now closed, but may

have received treatment on an arm or aim that is not considered

the current standard of care. Because of these complexities and the

ubiquity of COG trials, we reviewed all frontline phase III COG CNS

protocols between 2000 and 2022 to assess the gonadotoxic risk

for each treatment arm. We hope to provide access to the calculated

levels of risk for all phase III CNS protocols so that providers who

may not be familiar with reading COG chemotherapy road maps in

these trials, or the provider who is not familiar with the risk strati-

fication system, can use the information provided to assist them in

counseling their patients about associated risks for infertility/gonadal

dysfunction.

2 MATERIALS AND METHODS

2.1 Data abstraction

Phase III, new diagnosis CNS tumor treatment protocols from 2000 to

2022 were identified using the COG members’ website. The authors

divided the protocols into arms. An arm of the protocol was defined

to include any variations in chemotherapy or radiation that made a

treatment plan unique within that protocol. Protocols were evaluated

for gonadotoxic therapies (alkylating agents, heavy metals, HSCT, or

hypothalamic or gonadal radiation), and cumulative alkylating agent

dose was calculated based on the planned alkylator therapy and

F IGURE 1 Level of risk for gonadal failure/infertility above that of the general population: (A) female risk level; (B) male risk level. Reprinted
with permission. CED, cyclophosphamide equivalent dosing; RPLND, retroperitoneal lymph node dissection.

 15455017, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pbc.31246 by C

ochraneItalia, W
iley O

nline L
ibrary on [14/08/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



FELKER ET AL. 3 of 9

TABLE 1 Risk of future infertility or gonadal dysfunction for Children’s Oncology Group phase 3 treatment protocols for newly diagnosed
medulloblastoma.

Gonadotoxic therapy

Level of risk for future

infertility/gonadal dysfunctiona

Protocol and

therapy arms

Alkylator

(CED g/m2)

Cisplatin

(mg/m2)

Carbob

(yes)

CSI

Rad

Local

Rad WVR

PF

Rad

Prepubertal

females

Pubertal

females Males

ACNS0331

Standard dose CSI, TB radiation 13.2 450 c c Highd Highd Highd

Standard dose CSI, PF radiation 13.2 450 c c Highd Highd Highd

Reduced dose CSI, TB radiation 13.2 450 c c Highd Highd Highd

Reduced dose CSI, PF radiation 13.2 450 c c Highd Highd Highd

ACNS0332

Regimen A 12 450 c c Highd Highd Highd

Regimen B 12 450 Yes c c Highd Highd Highd

ACNS0334

Regimen A 100.8 315 Yes High High High

Regimen B 100.8 315 Yes High High High

ACNS2031

Average risk 13.2 450 c c Highd Highd Highd

Low risk 13.2 450 c c Highd Highd Highd

Abbreviations: carbo, carboplatin; CED, cyclophosphamide equivalent dose; CSI, craniospinal irradiation; PF, posterior fossa; Rad, radiation; TB, tumor bed;

WVR, whole ventricular radiation.
aLevel of risk is defined asminimal, significant, high level of increased risk (see Figures 1 and 2) or unlikely to be at risk as they are not identified as gonadotoxic
by COG guidelines.
bCarboplatin is not risk stratified by dose.
cRadiation dose varies based on tumor site, plan. If radiation field includes hypothalamus, the level of risk will increase in dose-dependent manner (see

Figure 1).
dPatients are consideredhigh risk basedon chemotherapy alone; however, additional additive riskmaybe conferred by radiation depending on radiation field,

dose, andmodality of radiation.

converted to cyclophosphamide equivalent dosing (CED).7 Dosing in

mg/m2 was utilized for risk stratification, and any dosing in mg/kg

was converted to mg/m2 using the 30-rule.21 Relapsed trials, pilot

studies, and ancillary studies not containing chemotherapy, and phase

I–II studies were excluded. All data were reviewed and abstracted

by two authors, while a third author was utilized to evaluate and

resolve any discrepancies. Individual treatment arms listed in the

protocols along with specific permutations in therapy are outlined in

Tables 1–4.

2.2 Risk assignment

Similar to prior published reports, risk levels (minimal, significant, or

a high level of increased risk for gonadal dysfunction/infertility) were

assigned by two authors based on the previously published PIN Risk

Stratification System (Figure 1A,B) for prepubertal females, puber-

tal females, and males.16,22,23 Any discrepancies in risk assignment

were resolved through team consensus. High-risk therapy includes

treatment that exceeds a CED of 4 g/m2 in males, 8 g/m2 in puber-

tal females (Tanner 2 breast development or greater), 12 g/m2 in

prepubertal females, or anyHSCT (myeloablative or reduced intensity)

containing at least one alkylating agent or total body irradiation (TBI).

High-risk therapy also includes gonadal radiation exposure (direct

or indirect) of ≥15 Gy in prepubertal females, ≥10 Gy in pubertal

females, and ≥4 Gy in males or hypothalamic radiation of ≥40 Gy in

both males and females. Patient regimens without one of the gonado-

toxic exposures listed in the PIN Risk Stratification System were

considered unlikely or unknown to place patients at risk for gonadal

dysfunction/infertility.16

3 RESULTS

In total, 11 protocols with 41 treatment arms were reviewed. The

median CED dose used on a treatment arm in a CNS tumor proto-

col is 10 g/m2, with a maximum dose of 100.8 g/m2. Overall, seven

of 11 (64%) CNS tumor protocols had at least one group in a treat-

ment arm that placed patients at high level of increased risk. Males

were most commonly at a high level of increased risk with at least

one high-risk treatment arm in seven of 11 protocols (64%), fol-

lowed by pubertal females and prepubertal with at least one high-risk

treatment arm in six of 11 (55%) and five of 11 (45%), respectively

(Figure 2).
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TABLE 2 Risk of future infertility or gonadal dysfunction for Children’s Oncology Group phase 3 treatment protocols for newly diagnosed
glioma.

Gonadotoxic therapy

Level of risk for future infertility/gonadal

dysfunctiona

Protocol and

therapy arms

Alkylator

(CED g/m2)

Cisplatin

(mg/m2)

Carbob

(yes)

CSI

Rad

Local

Rad WVR

PF

Rad

Prepubertal

females

Pubertal

females Males

ACNS0822

ArmA 0 0 c Unlikelyd Unlikelyd Unlikelyd

ArmB 0 0 c Unlikelyd Unlikelyd Unlikelyd

ArmC 0 0 c Unlikelyd Unlikelyd Unlikelyd

ACNS1831

Arm 1 0 0 Yes Minimal Minimal Minimal

Arm 2 0 0 Unknowne Unknowne Unknowne

ACNS1833

Arm 1 0 0 Yes Minimal Minimal Minimal

Arm 2 0 0 Unknowne Unknowne Unknowne

ACNS1931

Arm 1 0 0 Unknowne Unknowne Unknowne

Arm 2 0 0 Unknowne Unknowne Unknowne

Abbreviations: Carbo, carboplatin; CED, cyclophosphamide equivalent dose; CSI, craniospinal irradiation; PF, posterior fossa; Rad, radiation; WVR, whole

ventricular radiation.
aLevel of risk is defined as unlikely, minimal, significant, high level of increased risk (see Figure 1) or unknown to be at risk as they are not identified as

gonadotoxic by COG guidelines.
bCarboplatin is not risk stratified by dose.
cRadiation dose varies based on tumor site, plan. If radiation field includes hypothalamus, the level of risk will increase in dose-dependent manner (see

Figure 1).
dLevel of risk not high based on cumulative chemotherapy, but risk may be increased due to radiation depending on radiation site, plan (see Figure 1).
eGonadotoxic risk with selumetinib is not established and therefore the level of risk is listed as unknown.

3.1 Medulloblastoma

Fourmedulloblastomaprotocolswith 10 armswere reviewed (Table 1).

One hundred percent (4/4) of medulloblastoma protocols included a

high level of increased risk arm for males, prepubertal females, and

pubertal females. The CED range for medulloblastoma protocols was

12−100.8 g/m2. In addition, three of four (75%) of the protocols had

craniospinal irradiation (CSI), and all protocols contained heavy metal

chemotherapy, further increasing the risk for infertility beyond the risk

associated with alkylators alone.

3.2 Glioma

We reviewed four glioma protocols with nine treatment arms (Table 2).

Most upfront glioma studies had no planned alkylating agents, and

were designated unlikely or would place patients atminimal level of risk

for infertility/gonadal dysfunction. Two out of the four (50%) glioma

protocols had an arm that had heavy metal chemotherapy, and three

of four (75%) protocols had a targeted therapy (selumetinib) for which

there are limited data on both the short- and long-term gonadal effect,

and the level risk for selumetinib is listed as unknown level of risk for

gonadal dysfunction/infertility.

3.3 Germ cell tumors

Germ cell tumors had one phase III CNS protocol subdivided into four

regimenswith 12 arms reviewed (Table 3). Six out of the 12 arms (50%)

have at least one arm that puts males at high level of increased risk. No

treatment arms meet the threshold for high risk for females, but six of

12 arms put pubertal females in the significant level of increased risk

category. The CED range was 0–4 g/m2. All patients received either

CSI, whole ventricular radiation, or local radiation, and depending on

the location, thismayput individual patients in adifferent risk category.

3.4 Atypical teratoid rhabdoid tumor and
ependymoma

Two CNS protocols subdivided into 10 arms were reviewed (Table 4).

Sevenout of the10arms (70%) putmales andpubertal females at a high

level of increased risk. Five out of the 10 arms (50%) put prepuberal

females at high level of increased risk, with an additional two arms plac-

ing them at significant increased risk. TheCED rangewas 0−97.2 g/m2.

Nine out of 10 arms (90%) had heavy metal chemotherapy. Patients

receiving either CSI or local radiation may increase to a higher risk

category depending on the dose to the hypothalamus.
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TABLE 3 Risk of future infertility or gonadal dysfunction for Children’s Oncology Group phase 3 treatment protocols for newly diagnosed
CNS germ cell tumors.

Gonadotoxic therapy

Level of risk for future

infertility/gonadal dysfunctiona

Protocol and therapy arms

Alkylator

(CED g/m2)

Cisplatin

(mg/m2)

Carbob

(yes)

CSI

Rad

Local

Rad WVR

PF

Rad

Prepubertal

females

Pubertal

females Males

ACNS0232

Regimen A

Local 0 0 c c Unlikelyd Unlikelyd Unlikelyd

Occult multifocal 0 0 c c Unlikelyd Unlikelyd Unlikelyd

Disseminated 0 0 c c Unlikelyd Unlikelyd Unlikelyd

Regimen BCR reduced radiation

Local 0 0 Yes c Unlikelyd Unlikelyd Unlikelyd

Occult multifocal 0 0 Yes c c Unlikelyd Unlikelyd Unlikelyd

Disseminated 0 0 Yes c c Unlikelyd Unlikelyd Unlikelyd

Regimen B PR/SR reduced radiation

Local 4 200 Yes c Minimald Significantd Highe

Occult multifocal 4 200 Yes c c Minimald Significantd Highe

Disseminated 4 200 Yes c c Minimald Significantd Highe

Regimen B PR/SR/PD standard radiation

Local 4 200 Yes c c Minimald Significantd Highe

Occult multifocal 4 200 Yes c c Minimald Significantd Highe

Disseminated 4 200 Yes c c Minimald Significantd Highe

Abbreviations: Carbo, carboplatin; CED, cyclophosphamide equivalent dose; CNS, central nervous system; CR, complete response; CSI, craniospinal

irradiation; PD, progressive disease; PF, posterior fossa; PR, partial response; Rad, radiation therapy; SR, stable response;WVR, whole ventricular radiation.
aLevel of risk is defined as unlikely, minimal, significant, high level of increased risk (see Figure 1) or unknown to be at risk as they are not identified as

gonadotoxic by COG guidelines.
bCarboplatin is not risk stratified by dose.
cRadiation dose varies based on tumor site, plan. If radiation field includes gonadal tissue or hypothalamus, the level of risk will increase in dose-dependent

manner (see Figure 1).
dLevel of risk not high based on cumulative chemotherapy, but risk may be increased due to radiation depending on radiation site, plan (see Figure 1).
ePatients are considered high risk based on chemotherapy alone; however, additional additive risk may be conferred depending on radiation field, dose, and

modality of radiation.

4 DISCUSSION

We assigned levels of gonadotoxic risk using the PIN risk stratifica-

tion for newly diagnosed CNS tumors in current-era phase III trials.16

Our review shows that most CNS tumor protocols placed patients at a

high level of increased risk for gonadotoxicity according to the PIN risk

stratification.When stratified by sex and pubertal stage, planned treat-

ment places a patient at a high level of increased risk in five of 11 (45%)

protocols for prepubertal females, six of 11 (55%) protocols for puber-

tal females, and seven of 11 (64%) protocols for males The high level

of increased risk for gonadotoxicity makes it essential that patients

with CNS tumors receive risk-adapted counseling prior to initiation

of therapy or at different time points when treatment plans change.

When comparing the highest possible CED among protocol arms con-

taining alkylating agents, the median CED dose in CNS tumor protocol

arms is 10 (interquartile range [IQR]: 0−13.2) g/m2, with a maximum

of 100.8 g/m2, compared to leukemia/lymphoma protocols where the

median CED is 3 (IQR: 0−3.6) g/m2, with a maximum of 13.2 g/m2, and

solid tumor protocols where themedian CED is 0.5 (IQR: 0−14.5)g/m2,

with a maximum of 70.6 g/m2.22,23 The high gonadotoxic risk dosages

seen in CNS tumor protocols compared to solid and leukemia

lymphoma protocols are secondary to increased use of radiation-

sparing chemotherapy in infants with high-dose chemotherapy and

stem cell rescue.

CNS tumor treatments present unique challenges and barriers to

fertility preservation. First is a difficulty in timing. Patients presenting

with CNS tumors often do so urgently, requiring emergent neurosurgi-

cal intervention. Many patients end up transitioning to rehabilitation

units while recovering from significant neurologic deficits related to

tumors and surgery. Furthermore, the final pathology, especially with

modernmolecular techniques, can take several weeks, which canmean

a final treatment plan and CED risk is not known until right before

radiation or chemotherapy starts. Patients with CNS tumors, in some

instances, are initially seen by neurosurgery and physical medicine

and rehabilitation and not seen by oncology until final diagnosis. The

multidisciplinary team, coupled with the complexity of care of these
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TABLE 4 Risk of future infertility or gonadal dysfunction for Children’s Oncology Group phase 3 treatment protocols for newly diagnosed
atypical teratoid rhabdoid tumor and ependymoma.

Gonadotoxic therapy

Level of risk for future

infertility/gonadal dysfunctiona

Protocol and therapy arms

Alkylator

(CED g/m2)

Cisplatin

(mg/m2)

Carbob

(yes)

CSI

Rad

Local

Rad WVR

PF

Rad

Prepubertal

females

Pubertal

females Males

ACNS0333

Infratentorial, M0, age<6months 97.2 210 Yes High High High

Infratentorial, M0, age>6months 97.2 210 Yes c Highd Highd Highd

Supratentorial, M0, age<12months 97.2 210 Yes c Highd Highd Highd

Supratentorial, M0, age>12months 97.2 210 Yes c Highd Highd Highd

Disseminated, any age 97.2 210 Yes c c Highd Highd Highd

ACNS0831

STR 2 0 Yes c Minimale Minimale Minimale

STR+maintenance 10 400 Yes c Significante Highd Highd

GTR1 (anaplastic), GTR2, NTR

infratentorial

2 0 Yes c Minimale Minimale Minimale

GTR1, GTR2, NTR infratentorial+
maintenance

10 400 Yes c Significante Highd Highd

GTR1 (classical histology), supratentorial 0 0 c Unlikelye Unlikelye Unlikelye

Abbreviations: Carbo, carboplatin; CED, cyclophosphamide equivalent dose; CSI, craniospinal irradiation; GTR, gross total resection; M0, no metastatic

disease; NTR, near total resection; PF, posterior fossa; Rad, radiation therapy; STR, subtotal resection;WVR, whole ventricular radiation.
aLevel of risk is defined as unlikely, minimal, significant, high level of increased risk (see Figure 1) or unknown to be at risk as they are not identified as

gonadotoxic by COG guidelines.
bCarboplatin is not risk stratified by dose.
cRadiation dose varies based on tumor site, plan. If radiation field includes hypothalamus, the level of risk will increase in dose-dependent manner (see

Figure 1).
dPatients are considered high risk based on chemotherapy alone; however, additional additive risk may be conferred depending on radiation field, dose, and

modality of radiation.
eLevel of risk not high based on cumulative chemotherapy, but risk may be increased due to radiation depending on radiation site, plan (see Figure 1).

patients, can lead to delays in the referral of patients to fertility preser-

vation teams, leaving little time for fertility preservation interventions.

Appropriate and timely fertility preservation conversations require

that all parties, neurosurgery, physicalmedicine and rehabilitation, and

neuro-oncology, be aware of the risks to fertility with treatment as

well as the windows of time between diagnosis and start of treatment

that canbeused for infertility risk counseling and fertility preservation.

Multidisciplinary care can ensure a timely referral with an increased

likelihood of success before initiating gonadotoxic therapy.

In addition, there can be several dilemmas and ethical concerns to

consider in this patient population.Neurologic deficits, includingmotor

or cognitive,may complicate decisions about fertility preservation.24 It

may be difficult to obtain a semen specimen for sperm cryopreserva-

tion in patients with neurologic debilitation. For those pubertal male

patients, an alternative way of collecting, such as electroejaculation,

testicular sperm aspiration, or testicular sperm extraction, could be

considered.25 Adolescent and young adult patients who would typi-

cally be involved in shared decision-making with their families about

fertility may be temporarily incapacitated by their tumor or resultant

surgery (e.g., those with posterior fossa syndrome), requiring family

members to intuit what the patient may want.26 In addition to these

situations, long-term follow-up of adult survivors of brain tumors has

estimated that about one quarter of survivors are not able to live

independently.27 Furthermore, childhood CNS tumors are the lead-

ing cause of cancer death, and some patients, like those with diffuse

intrinsic pontine glioma, will not survive despite modern advances.2 In

complex fertility cases, an ethicist can assist the fertility preservation

team or be available for consults to help with fertility decisions.

There are several endocrinologic concerns to consider in this pop-

ulation. When risk stratifying patients for gonadotoxicity, discussing

the risk of central hypogonadism is essential. The tumor or surgery

itself may have damaged the pituitary gland or hypothalamus and

caused central hypogonadism prior to any treatment.28 Furthermore,

many of the protocols we reviewed include CNS radiation, and may

confer additional risk if the radiation doses to the hypothalamus reach

greater than 22 Gy in women and more than 26 Gy in men according

to the PIN stratification, with the risk of gonadotropin deficiency

increasing from 7.8% to 22.7% after doses of greater than 40 Gy

in both sexes in longitudinal studies of survivors.10,29 It is essential

to counsel patients, however, that lower doses of radiation could

still lead to central hypogonadism, and all patients should follow-up

regularly with an endocrinologist post treatment to screen for these

hypothalamic-pituitary late effects issues. For patients who desire a

biological child and who have not received significant gonadotoxic
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F IGURE 2 Distribution of risk levels for treatment-related gonadal failure/infertility for COG treatment protocols 2000–2022.

therapy, there is a theoretical option for ovulation/spermatogenesis

utilizing a portable pump delivering gonadotropin in a pulsatile

fashion.30 In addition to the impact of CNS radiation on future fertility,

scattered radiation dosage from spinal radiation may affect ovarian

function. Fertility preservation teams may need to work closely with

the radiation oncologist and the dosimetrist on the dose of radiation to

the ovaries, which is essential in determining risk. If this is unavoidable

and the patient is not receiving additional gonadotoxic chemotherapy,

shielding or a laparoscopic transposition/oophoropexy could be done

prior to radiation tomove the ovaries out of the field of radiation.31

Another factor to consider is whether the patient will receive pro-

ton or photon radiation. Proton radiation is a form of external beam

radiotherapy using a large particle (protons) instead of photons to

treat the patient. The benefit of proton therapy is less or no scat-

tering of the doses past the target point. This may eliminate any

radiation to the ovaries in spinal radiation, and limit the scatter doses

to the hypothalamus in patients receiving radiation elsewhere in the

brain. Studies in standard-risk medulloblastoma showed a significantly

lower risk of long-term sex hormone deficiencies in patients who had

received proton therapy compared to conventional photon therapy.32

While proton therapy seems promising to prevent longer term hor-

mone side effects, there still is a need for prospective trial data to show

a definitive benefit.32 The fertility consultant should be aware of the

difference in radiation fields between these two modalities; however,

the patient should be counseled that long-term data are limited. Over-

all, in CNS tumors where radiation therapy is a mainstay of treatment

in many types of tumors, the fertility preservation team must work

closely with a radiation oncologist to discern the planned doses to the

hypothalamus/pituitary and gonads.

Recently, the addition of targeted treatments for brain tumors has

revolutionized treatment for many subtypes of low-grade glioma. The

discovery of the ubiquitous mutations in the RAS/MAPK pathway

in both neurofibromatosis (NF)-related and non-NF-related gliomas

and recent trials have shown these tumors respond highly to using

BRAF inhibitors or MEK inhibitors.33,34 However, the long-term risk

to fertility associated with these agents is not clear. Patients receiving

these agents are counseled about the potential teratogenicity while on

these medications and instructed to avoid getting pregnant (or part-

ners pregnant) and to stop treatment if they are interested having

offspring.35 Unfortunately, a large percentage of patients relapse even

with short times without the inhibitor, making it difficult to impossi-

ble to find a window of time off these chronic therapies in which to
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be able to pursue fertility preservation procedures. This may lead to a

difficult choice for affected patients between treating the brain tumor

and attempting to get pregnant. If having a biologic child is a prior-

ity, for female patients, oocyte retrieval and cryopreservation and use

of a gestational carrier could be considered. Pre-clinical data in rats

have shown MEK inhibition increases cystic follicles and decreases

corpora lutea.36 For males, there are pre-clinical data in rats that the

BRAF inhibitors impair spermatogenesis with continued disruption up

to 4 weeks after stopping the drug.35 In terms of longer term fertil-

ity issues, there are no human data. Because of this uncertainty, all

patients initiating treatment with these inhibitors should be offered

fertility counseling.

Finally, we reviewed only phase 3 CNS clinical trials at COG. CNS

tumor treatment often includes protocols not in phase 3 trials or pro-

tocols outside theCOG. Because of the numerous trials and limitations

of this review, it is crucial to understand the PIN risk factors in CNS

tumors and be able to apply them to other neuro-oncology proto-

cols. Furthermore, many patients, unfortunately, experience relapse

andpotential change in therapeutic plan; therefore, at every timepoint,

it is essential to re-evaluate the cumulative risk factors and, when nec-

essary, adjust the level of risk for gonadotoxicity/future infertility/with

the fertility preservation team.

5 CONCLUSIONS

This article aims to provide guidance for risk counseling in patients

receiving COG-based therapy for CNS tumors, joining recently pub-

lished articles that also summarized the risk associated with COG

phase III hematologic malignancies and solid tumors.22,23 These rec-

ommendations can be used throughout the patient’s journey, from

diagnosis to survivorship.We recommend thatmost patientswith CNS

tumors are offered fertility risk counseling prior to treatment, which

should include the potential range of gonadotoxicity associated with

the proposed treatment. Additionally, we suggest that these discus-

sions should occur continuously throughout the patient’s care, as there

may be opportunities for fertility preservation after treatment. For

future COG and international protocols, we hope that fertility risk will

be included as appendices to aid centers in uniform risk stratification

and global risk counseling.
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