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Abstract  

The incidence of Colorectal Cancer (CRC) is 

increasing among patients of reproductive age. 

However, very little is known on the impact of 

medical treatments of CRC on fertility after cancer 

treatment. We aimed to discuss data existing so far 

relating to the gonadotoxicity of CRC treatments, 

fertility issues in CRC female patients of 

reproductive age and Fertility Preservation (FP) 

options in this context. We reviewed the literature to 

identify articles adressing the effect of CRC 

treatments on female fertility and oncofertility issues 
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using databases EMBASE, the National Library of 

Medicine (MEDLINE)/PubMed, and the Cochrane 

Review Library. Studies suggest that although CRC 

chemotherapy might be midly toxic for ovaries, some 

cases of persistent amenorrhea have been reported, 

notably in rectal cancer patients. Pelvic radiotherapy 

might further impair ovarian reserve, as ovarian 

tissue is one of the most radiosensitive tissues. 

Although different FP options exist, it seems that 

CRC patients are not systematically addressed in FP 

consultations prior to systemic treatments. In all, data 

are scarce concerning the impact of medical 

treatments of CRC on female fertility.  To date, in the 

lack of clear data, CRC patients of reproductive age 

should be referred to FP units to discuss FP options 

available. 

  

Keywords: Colorectal cancer; Female fertility; 

Fertility preservation 

 

1. Introduction 

Colorectal Cancer (CRC) is the third most common 

cancer diagnosed in women every year [1]. Due to 

more widespread screening and surveillance, the 

incidence of CRC is globally decreasing. However, 

when looking at the specific population of young 

adults, the incidence of CRC has been importantly 

increasing since at least the mid 1990s [2]. According 

to the American Cancer Society, the incidence of 

CRC in patients under 50 years old has increased by 

2% every year from 2012 to 2016, with mortality 

rates increasing from 1.3% every year [1,2]. CRC in 

adolescents and young adults are reported to have 

more aggressive histological features and more 

advanced stages at the time of diagnosis [3]. Among 

CRC in young patients, some correspond to familial 

forms of the HNPCC spectrum and may be 

associated to gastric cancer and/or uterine cancers. 

Due to locally advanced stages and nodal invasion, 

some of these patients are candidates to systemic 

treatments [4]. Fortunately, survival rates of CRC are 

globally improving, with almost 65% of patients 

surviving at least 5 years from diagnosis [5]. Notably, 

patients under 50 years old might have a lower risk of 

death compared with older patients with CRC [6]. 

Hence, issues relating to life after cancer treatments 

are an essential part of the management and care of 

young CRC patients.  

 

Fertility issues after cancer treatments is reported to 

be one of the major concerns of cancer survivors of 

reproductive age [7]. It is likely that an increasing 

number of CRC patients of reproductive age will 

have a pregnancy desire after CRC treatment [8,9], 

notably since a global trend towards delaying 

childbearing has been observed during the past years 

due to personal, educational or professional reasons 

[10,11]. Indeed, the proportion of first births to 

women aged 35 years old or more is eight times 

higher than 30 years ago [12]. Hence, the desire to 

start or continue a family project after treatment will 

become more and more frequent in young CRC 

patients. In this context, international guidelines 

recommend an early and prompt discussion to inform 

on the possible risks and available strategies to 

preserve fertility [13]. However, it seems that 

oncofertility care remains to be improved. Indeed, a 

large proportion of cancer patients of reproductive 

age report an absence of fertility counseling at 

diagnosis or unmet fertility needs [14]. The impact of 

chemotherapy regimens and radiotherapy used in the 

specific context of CRC on female fertility remains to 

be established. Moreover, global management of 

fertility issues in young CRC patients are extremely 

scarce. Very few data exist on whether fertility 
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preservation (FP) options are adequately discussed to 

CRC patients of reproductive age, or on their use of 

FP techniques prior to systemic treatments. 

We aim to discuss the questions relating to fertility 

issues in CRC female patients of reproductive age, 

the potential impact of CRC medical treatments on 

female fertility and the different FP options that can 

be proposed to these patients. 

 

2. Materials and Methods 

We performed a review of the literature to identify 

articles adressing the effect of CRC treatments on 

female fertility and oncofertility issues using the 

following databases: EMBASE, the National Library 

of Medicine (MEDLINE)/PubMed, and the Cochrane 

Review Library. MeSH terms used, included: 

colorectal neoplasms, chemotherapy, radiation, 

radiotherapy, fertility, fertility preservation, 

infertility, oocyte retrieval, vitrification, 

cryopreservation, oocyte cryopreservation, embryo 

preservation, pregnancy and birth outcomes. 

Randomized-controlled trials, cohort studies, case-

control studies, case series, case reports or review 

articles (systematic reviews, meta-analyses) were 

included. Articles in English and French language 

were selected. Articles selected were examined for 

additional relevant references.  

 

3. Results 

3.1. Impact on chemotherapy treatments on 

female fertility 

3.1.1. Adjuvant chemotherapy in locally advanced 

colorectal cancer  

Initially based on fluoropyrimidines, the standard 

chemotherapy regimen for CRC worlwide is now 

based on the association of 5-fluorouracil (5-FU) and 

oxaliplatin (FOLFOX) [15,16]. The addition of 

oxaliplatin to capecitabine (XELOX) has also shown 

to improve disease-free survival rates in patients with 

stage III colon cancer compared to a standard bolus 

of FU and folinic acid in the adjuvant setting [17]. 

Irinotecan, an inhibitor of topoisomerase-1, can be 

also associated in rectal cancers. The combination of 

FOLFOX with irinotecan is known as FOLFIRINOX. 

Chemotherapy by FOLFOX is generally administered 

during 6 months. Secondary effects of these 

treatments include cumulative neurotoxicity and 

moderate hematologic toxicities. However, recent 

international studies aiming to reduce the duration of 

chemotherapy in order to reduce toxic effects show 

that the association of capecitabine and oxaliplatin 

administered during 3 months may be as effective 

compared to 6 months [18].  

 

3.2. Effects of chemotherapy treatments on 

fertility 

The effect of systemic treatments on fertility in breast 

cancer patients and time to pregnancy after breast 

cancer treatments has previously been studied [19]. 

However, the impact of chemotherapy regimens used 

in CRC on short-term or long-term fertility remain 

very ill established. Data are extremely scarce 

concerning the impact of medical treatments of CRC 

on fertility and lack high-quality studies and 

randomized controlled studies [20,21].  

 

Among the scarce data existing so far, potential 

effects of 5-FU have only been analyzed in animal 

models [22,23]. The administration of a single dose 

of 5-FU in adult female mice seems to be mildly 

toxic for ovaries, as 5-FU did not alter the stock of 

primordial and primary follicles but significantly 

increased the atresia of secondary and antral follicles 

compared to the administration of a single dose of 

saline [23]. In addition, the impact of oxaliplatin on 
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the reproductive function has been evaluated in 11 

women (aged under 43 years old) and 8 men (aged 

under 45 years old) diagnosed with CRC [24]. 

Hormone levels and menstrual pattern were assessed 

at baseline and at 6 months post-treatment. All 

female patients had continued having menses or had 

resumed menstruation, and the administration of 

oxaliplatin did not appear to significantly affect 

hormone levels. However, these results have to be 

considered cautiously, as the study suffers from very 

small effectives and the absence of a control group 

[24]. In a retrospective series analyzing the risk of 

chemotherapy-induced amenorrhea after FOLFOX, 

16% of women aged under 50 years old had 

persistent amenorrhea one year after completion of 

FOLFOX [25]. However, the study did not 

distinguish patients under 40 compared to those aged 

from 40 to 50 years old due to small effectives. To 

date, the largest study focusing on fertility issues 

after chemotherapy in CRC included 123 

premenopausal women aged under 40 years old. Only 

4.2% of patients with colon cancer had long-term 

amenorrhea versus 94.1% of patients with rectal 

cancer (p < 0.01), highlighting the importance of 

appropriate fertility counseling for these patients 

[26]. Concerning irinotecan, present in 

FOLFIRINOX regimens used in the adjuvant and 

neoadjuvant settings in rectal cancers, no study so far 

has analyzed its impact on fertility on patients of 

reproductive age [27] (Table 1).   

  

  Subjects  Number 
Type of 

chemotherapy  
Dose 

Effect on 

hormonal 

levels 

Effect on 

ovarian 

follicular 

reserve 

Menstruatio

n 

Lambouras 

et al., 2018 

Adult 

female 

mice 

4-

6/group 
5-FU 

150mg/kg

, single 

dose 

NA 

-

Primordial/prim
ary follicles: 

unchanged 

NA 
-

Secondary/antral 

follicles: 

increased 

atresia, but 

transient 

Levi et al., 

2015 

-pubertal 

mice 

-mice: 

n= 3-

5/group 

Oxaliplatin-

based protocol 
variable 

-mice: NA 

-mice: transient 

apoptosis at 1 

month post-

treatment 

-mice: NA 

-women 

< 43 y.o.  

-women: 

n=11 

-women: 

decreased 
AMH and 

increased 

FSH 

levels 

-women: NA 

-women: 

conserved 
cycles or 

resumed 

cycles post-

treatment 

Cercek et 

al., 2013 

women 

< 50 y.o. 
n=49 FOLFOX variable NA NA 

-41% 

amenorrhea 

during 

treatment 

-16% 

persistent 

amenorrhea 

(1 year after 
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completion) 

Wan et al., 

2015 

women 

< 40 y.o. 

-n=72 

colon 

cancer 

-colon cancer: 

FOLFOX, 

XELOX or 

capecitabine 

variable NA NA 

-long-term 

amenorrhea:  

-n=51 

rectal 

cancer 

-rectal cancer: 

adjuvant or 

neoadjuvant 

chemo-

radiotherapy 

colon 

cancer: 

4.2%; 

rectal 

cancer: 

94.1%  

CRC: colorectal cancer; y.o.: years old; 5-FU: 5-fluorouracil; FOLFOX: 5-fuorouracil, leucovorin,oxaliplatin; 

XELOX: capecitabine, oxaliplatin; NA: not applicable 

 

Table 1: Studies relating to the effect of medical treatments of CRC on fertility. 

 

3.3. Radiotherapy 

The indication of treatment by radiotherapy in colon 

cancer is exceptional.  

Until recently, the standard of care of locally 

advanced rectal cancer (LARC) consisted of 

preoperative concurrent chemoradiotherapy or 

hypofractionaeted short-course of radiotherapy 

followed by surgery. Currently, the treatment of 

locally advanced rectal cancer consists of 

chemotherapy followed by concurrent 

chemoradiotherapy and then surgery. 

Chemoradiotherapy treatment consists of delivering a 

dose of 44–45 Gy (5x1.8-2 Gy/week) of radiation to 

the mesorectum, the presacral space and internal iliac 

nodes +/- a boost to deliver a total dose of 50-54 Gy 

in combination with fluoropyrimide based 

chemotherapy. Ovarian tissue is one of the most 

radiosensitive tissues in the body. Indeed, a dose of 2 

Gy at the ovarian level is enough to destroy up to 

50% of oocytes [28].  

 

Several parameters may have an impact on 

procreation/fertility after pelvic radiotherapy. The 

first one is the radiation dose to which ovaries are 

exposed. In their mathematical model obtained from 

data from two cohorts of women with ovarian failure 

secondary to radiotherapy, Wallace et al. determined 

the radiation dose delivered to ovaries responsible for 

ovarian failure [29]. This dose decreased with 

increasing age at treatment: it was 20.3 Gy at birth; 

18.4 Gy at 10 years; 16.5 Gy at 20 years; and 14.3 Gy 

at 30 years [29]. Some authors reported that a dose of 

4 to 5 Gy delivered to both ovaries was sufficient to 

induce hypofertility [30,31]. The second important 

factor is the dose of radiation to which the uterus is 

exposed. Indeed, pelvic radiotherapy may cause 

damage to the vascularization of the uterus and/or to 

the endometrium, and may reduce uterine volume 

and alter uterine distensibility [32]. Loss of elasticity 

and vascular damage to the uterine body may occur 

as early as 14-15 Gy. The higher the dose and volume 

of uterus irradiated, the greater the damage [33]. 

Chiarelli et al. reported a higher frequency of low-

birth-weight newborns (OR= 3.6), premature low-

birth-weight newborns (OR= 3.3) and perinatal 

mortality (OR= 2.4) after abdominopelvic irradiation 
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compared to treatment by surgery alone [34]. 

Furthermore, to which the vagina is exposed is also 

important. Indeed, vaginal irradiation can lead to 

vaginal synechiae and hypofertility through major 

dyspareunia. This is all the more important when the 

rectal tumor is located very low. 

 

In order to preserve ovarian function in patients 

undergoing pelvic irradiation, ovarian transposition 

can be performed to move the ovaries away from the 

irradiation volume. Recent radiation techniques such 

as IMRT, VMAT, IGRT and adaptive radiotherapy 

can reduce the dose to the uterus and ovaries during 

pelvic irradiation. By using these techniques in 

combination with ovarian transposition, it would be 

possible to preserve a functional uterus and ovaries. 

In a case report, Mariani et al. reported the case of a 

24-year-old nulligravida woman with cT3N1M0 

LARC who expressed a desire of childbearing [35]. 

Before her preoperative chemoradiotherapy 

treatment, the patient had a left ovarian transposition 

by laparoscopy and cryopreservation of ovarian 

tissue. Then, 3 monthly GnRH-agonist injections 

were given before and during chemoradiotherapy to 

protect ovarian function. She received VMAT 

irradiation, delivering a dose of 45 Gy (5x1.8 

Gy/week) to the posterior pelvis with a concomitant 

boost to the tumor delivering 55 Gy (5x2.2 

Gy/week), in combination with oral chemotherapy 

with capecitabine (825 mg/m²x2/day). During 

radiotherapy planification, particular attention was 

paid to not exceed the dose of 3 Gy in the transposed 

ovary. Dosimetric analysis showed that the uterus 

and vagina (lower third) received a mean dose of 

41.8 Gy and 22.1 Gy, respectively. The left ovary 

received a minimum dose of 0.6 Gy, a maximum 

dose of 2.1 Gy, and a mean dose of 1.1 Gy. The 

irradiation was performed with a full bladder. A 

Cone-beam CT (CBCT) was performed daily to 

assess the position of the uterus. Menstrual cycles 

resumed before surgery. Four months after surgery, 

follow-up showed no signs of recurrent disease and 

the patient reported regular menstrual cycles during 

all the follow-up time after surgery. Furthermore, 

Kurt et al. reported a spontaneous pregnancy in a 24-

year-old woman treated with adjuvant 

chemoradiotherapy after lateral ovarian transposition 

for rectal cancer [36]. Menstrual cycles of the patient 

resumed without performing any medical treatment 

two months after the completion of 

chemoradiotherapy. Two years after the end of the 

treatment, the patient became pregnant spontaneously 

with no recurrence of rectal cancer. In all, due to the 

lack of current data, prospective studies with a larger 

number of patients treated with modern irradiation 

techniques are needed. The use of modern irradiation 

techniques such as VMAT with daily cone beam CT 

to decrease the radiation dose delivered to the 

ovaries, uterus and lower 1/3 of the vagina, should be 

priviledged. Given the encouraging survival rates in 

young patients with locally advanced rectal cancer, 

questions relating to FP are essential. 

 

3.4. Oncofertility counseling  

The  greatest reproductive concerns expressed by 

cancer patients of reproductive age relate to fertility 

potential and the health of future offspring 

[14]. However, it seems that an important proportion 

of cancer patients do not receive adequate and timely 

information on fertility issues and possibilities of FP 

[37,38]. Notably, there might be a difference between 

men and women, as most men report having received 

information  about treatment impact on fertility and 

FP with more than half of them undergoing sperm 

cryopreservation prior to systemic treatments, 

whereas less than half of cancer female patients 
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report receiving information about the impact of 

treatments on fertility [39]. According to ESHRE 

guidelines, clinical care of cancer patients of 

reproductive age should include information on the 

impact of the disease and treatments on fertility and 

on the existence of FP techniques [40]. Information 

on cryopreservation storage after FP, on pregnancy 

after gonadotoxic treatment and other childbearing 

and parenting options should also be provided 

[41,42]. It is recommended that patients be referred 

to a specific FP consultation and to provide decision 

aids to patients considering FP [40]. A widespread 

use of an FP checklist for a better provision of 

oncofertility issues might also be useful [43]. 

Furthermore, additional psychological support when 

dealing with FP decisions might improve the process 

and quality of life of cancer patients during this 

crucial point of patient care [7,44]. To predict high 

and low response to ovarian stimulation, assessment 

of Antral Follicle Count (AFC) and Anti-Müllerian 

Hormone (AMH) serum levels is recommended 

[45,46]. The risk of premature ovarian failure after 

cancer treatments relies on age, type of gonadotoxic 

treatment and dose administered, and pre-treatment 

AMH levels [40]. Hence, assessment of pre-treatment 

ovarian function, in particular through AMH levels, 

in premenopausal women is recommended to predict 

post-treatment recovery of ovarian function [47-49].  

 

3.5. FP techniques  

Fertility can be preserved through several procedures, 

including cryopreservation of oocytes and/or 

embryos, cryopreservation of ovarian tissue, and 

medical and surgical methods of ovarian protection 

(Figure 1).  

 

 

 

3.6. Oocyte and/or embryo cryopreservation 

Oocyte and/or embryo cryopreservation by 

vitrification after ovarian stimulation by 

gonadotropins (when not contraindicated) is the 

method of choice for women undergoing FP 

procedures for medical indications [40,50-52]. 

Ovarian stimulation using an antagonist protocol 

should be privileged due to its safety (enabes to 

reduce the risk of ovarian hyperstimulation) and 

feasibility in urgent conditions [53]. Ovarian 

stimulation is typically initiated at the onset of 

menses. However, in urgent FP cycles, starting 

ovarian stimulation immediately, known as random-

start ovarian stimulation, is an option that leads to 

comparable results in terms of oocyte yield [54,55]. 

Double stimulation can also be considered for urgent 

FP cycles [53]. Embryo cryopreservation is also an 

option in case of the existence of a male partner. 
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However, women should be informed that embryo 

cryopreservation enables to preserve the fertility of 

the couple and not of the women by herself. 

Therefore, use of cryopreserved embryos is not 

possible in case of separation of the couple or refusal 

of the male partner. Altogether, women considering 

oocyte and/or embryo cryopreservation should be 

fully informed that these techniques do not guarantee 

a pregnancy after cancer treatments. Success rates, 

risks, benefits, costs and the possible long-term 

consequences should be discussed. 

 

3.7. In vitro maturation (IVM) 

IVM is still considered as an experimental procedure, 

but is particularly interesting when ovarian 

stimulation is contraindicated. IVM consists in 

retrieving immature cumulus-oocyte complexes at the 

prophase I stage and maturing them in vitro until the 

metaphase II stage [56]. Although IVM was first 

developed for patients with polycystic ovary 

syndrome (PCOS) since it avoids the risk of ovarian 

hyperstimulation syndrome [57], indications of IVM 

have expanded. IVM has become a major option for 

fertility preservation, notably when ovarian 

stimulation is unfeasible or contraindicated in an 

oncologic context [58,59]. One of the great 

advantages of IVM is that it can be performed at any 

stage of the menstrual cycle, which is particularly 

appropriate when urgent fertility preservation is 

required, for instance prior to oncological treatments 

[60]. Nevertheless, controlled ovarian stimulation 

remains the option to be privileged when possible, as 

significantly higher implantation rates, clinical 

pregnancy rates and live birth rates have been 

described in IVF with controlled ovarian stimulation 

compared to IVM [61]. 

 

3.8. Ovarian tissue cryopreservation (OTC) 

Ovarian TISSUE CRYOPRESERVATION (OTC) is 

an important option either through choice, or if there 

is insufficient time for ovarian stimulation. OTC 

consists in the laparoscopic removal of a portion, 

one, or both ovaries, which are then sectioned into 

strips of tissue less than 2mm thick and 

cryopreserved [62]. After treatments, the ovarian 

tissue is transplanted to the patient, either in an 

orthotopic position (pelvic) or in a heterotopic 

position (such as the forearm or abdominal wall [63]. 

Ovarian tissue transplantation requires a 

multidisciplinary approach. A one-step laparoscopy 

procedure should be performed as it is considered 

safe without causing additional surgical risk. The 

presence of residual neoplastic cells in the ovarian 

cortex (and in the residual medulla when available) is 

evaluated before the procedure. Ovarian tissue 

transplantation is not recommended in cases where 

the ovary is involved in the malignancy. Overall, it is 

recommended to offer OTC in patients undergoing 

moderate/high-risk gonadotoxic treatment where 

oocyte/embryo cryopreservation is not feasible, or at 

patient preference [64,65]. 

 

3.9. Gonadotropin-Releasing Hormone agonist 

(GnRHa) 

On a physiological rationale, the use of GnRH 

agonists during chemotherapy may be beneficial by 

suppressing the follicle-stimulating hormone axis 

leading to a decreased number of primordial follicles 

entering development and thus exposed to the 

potential gonadotoxic effect of treatments. 

Furthermore, the subsequent hypoestrogenism 

decreases ovarian perfusion and participates in a 

reduces exposure of the ovaries to cytotoxic agents 

[20]. However, limited evidence exists on the real 

benefit on the use of GnRHa in this context. In 

malignancies other than breast cancer, GnRH 
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agonists should not be routinely offered as an option 

for ovarian function protection and FP without 

discussion of the uncertainty about its benefit [66]. 

 

3.10.  Ovarian transposition 

In case of treatment by pelvic radiotherapy without 

chemotherapy, ovarian transposition (oophoropexy) 

can be proposed to prevent the gonadotoxic effects of 

pelvic radiation [67]. Ovarian transposition consists 

in surgically mobilizing one or both of the ovaries 

and fixing them to the abdominal sidewall at the 

pelvic brim [68].  Because radiotherapy in case of 

CRC often implies high cumulative doses of 

radiation, ovarian transposition away from the target 

area is an interesting and valuable option to reduce 

ovarian exposure. However, patients should be 

informed that ovarian transposition do not prevent the 

risk of ovarian damage [32]. Women with reduced 

ovarian reserve and women at risk of having ovarian 

metastases are inappropriate candidates for ovarian 

transposition. Furthermore, ovarian transposition can 

be performed in addition to another FP technique 

such as after oocyte/embryo cryopreservation. 

 

4. Conclusion 

The incidence of CRC is increasing in patients of 

reproductive age, among which patients with familial 

forms of CRC diagnosed at a young age. Although 

they are often candidates to medical treatments 

potentially gonadotoxic such as chemotherapy and 

radiotherapy, data on the impact of CRC treatments 

on fertility are extremely scarce. Robust and large-

scale studies are required to evaluate the 

gonadotoxicity of these treatments. In this context, 

and given the lack of knowledge in this field, it is 

essential to inform patients on the possibility of FP 

before treatments and to develop an optimal 

manadgment of fertility issues in order to improve 

life after cancer.  
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