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Abstract

Several concerns exist regarding the impact of anticancer treatments on fertility and 
pregnancy outcome. The detrimental effects of both chemotherapy and radiotherapy on 
the ovaries are well reported in the available literature. Fewer data are focused on the 
importance of a functioning uterus to conceive and carry on a healthy pregnancy. The aim 
of this paper is to provide a narrative review of the current literature to assess the role of 
uterine irradiation as a potential determinant of infertility and poor obstetrical outcomes. 
This review addresses the need for multidisciplinary counselling in order to face the poor 
reproductive and obstetrical outcomes of women who had uterine radiation, according 
to the different backgrounds (radiotherapy during adulthood versus childhood; total body 
irradiation versus pituitary, spinal and/or abdominal-pelvic irradiation).
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Introduction

Nowadays, cancer survival continues to increase across high-income countries, even if 
international disparities persist [1]. Moreover, there is a rising trend of delaying child-
bearing for personal, educational and professional reasons. Given that cancer incidence 
increases with age, more women enquire about the feasibility and safety of pregnancy 
following a cancer diagnosis. Additionally, several concerns exist regarding the impact of 
cancer therapy on the pregnancy outcome [2]. Anderson et al [3] reported a standardised 
incidence ratio of 0.62, indicating that the number of pregnancies in a large cohort of 
cancer survivors is much lower than expected in the general population [3]. This data 
could be explained by a loss of the reproductive function potentially induced by the need 
of chemotherapy, radiotherapy (RT) or a combination of both [4].

A successful pregnancy depends on the integrity of the hypothalamic-pituitary-ovarian 
axis, oocyte reserve and quality, and on a uterine environment that is not only receptive 
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to implantation, but also able to allow a normal foetal growth. Hence, adverse effects of anticancer treatments on the reproductive function 
and on pregnancy outcome may be mediated through one or more parts of the reproductive system. Focusing on RT, it’s well established 
that it could result in ovarian injury: half of the total number of nongrowing follicles are lost at doses of 2 Gy (LD50) [5], which is much lower 
than the dose delivered in a curative setting. The patient’s age, the total dose, the dose per fraction and the volume of irradiation fields are 
the most important determinants of the extent of the damage in terms of degree of follicular loss and risk of premature ovarian failure (POF). 
The biological response to radiation varies also with the number of fractions delivered. For example, a single dose to the testis may be less 
damaging to the germinal epithelium than the same dose received over several fractions, whereas the reverse is true for the ovary [6]. Total 
body irradiation (TBI) (9.2–15.75 Gy) results in POF in 90% of patients in long-term follow-up [7]. After whole abdominal radiation (20–30 
Gy), ovarian failure rates may be as high as 97% [7]. 

Ovarian transposition is an option to preserve the ovarian function for patients who are candidates for pelvic irradiation. Placing the organ 
outside the radiation field (e.g., laterally and above the pelvic brim) is considered as safe and effective; however, this procedure could fail 
because of the radiation scatter or remigration of the transposed ovaries [8]. Moreover, due to the wider availability of assisted reproduc-
tive technology (ART), there are several strategies of fertility preservation, as controlled ovarian hyperstimulation and oocyte or embryo 
cryopreservation prior to chemoradiation. Nevertheless, for those women who subsequently use their own stored oocytes or embryos or for 
those who undergo egg-donation to achieve a pregnancy, there is very little available evidence whether the irradiated uterus can success-
fully and safely carry a pregnancy. Specifically, implantation and on-going pregnancy (defined as detectable gestational sac at 12 weeks) rates 
were significantly lower in cancer survivors than in control women, also with ARTs [9–11]. Van der Ven et al [12] reported no pregnancies 
in five women who have previously received radiotherapy to the pelvis after transplantation of cryopreserved ovarian tissue, despite the 
resumption of regular menstrual cycles [12]. Thus, women facing treatments including pelvic RT at doses higher than 40–45 Gy are usually 
excluded from fertility preservation programs, because the sterility caused by uterine irradiation is considered not treatable. Prepubertal girls 
are more vulnerable and dose of >25 Gy in childhood focused directly to the uterus induces irreversible damage. Facing this question is a 
main critical issue in the field of oncofertility.

The aim of this paper is to provide an overview on uterine irradiation as a potential reason of infertility and negative obstetrical outcomes in 
young cancer survivors.

Methods

We performed a narrative review of the literature on PubMed (Medline), with restriction to publications in English, using the following 
keywords: uterine irradiation, radiotherapy, cancer survivors, pregnancy outcome and infertility. There were no limits placed on time of 
publication. We included all the cases in which the uterus is directly or indirectly involved in the radiation field (TBI, pituitary, spinal and/or 
abdominal-pelvic irradiation).

Mechanisms and determinants of uterine radiation-induced damage

The first evidence that RT may damage the uterus emerged in 1989 when Wallace et al [13] described the reproductive outcomes for a 
cohort of 38 young women who received high dose abdominal or flank irradiation for childhood cancer treatment [13]. While most of them 
failed to enter puberty or developed POF, four women became pregnant in their early twenties, but they all experienced second trimester 
miscarriages. There was no mention of foetal abnormalities that may have induced miscarriage, but laparoscopy showed that one patient had 
an atrophic uterus. The authors suggested that the fibrosis of the uterus following radiation exposure may have resulted in pregnancy losses.

Uterine damage could be subsequent to the involvement of different tissues: the endothelium of uterine vessels, the myometrium, the endo-
metrium and/or pelvic floor muscles. At first, radiation-induced fibrosis and obliterations of myometrial and endometrial vessels implicates a 
decreased uterine blood flow. Noteworthy, an increased uterine artery pulsatility index was reported in cancer patients who underwent TBI 
before a bone marrow transplant [14]. RT can also damage muscle fibres and decrease pelvic floor muscle function.
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Ultrasound (US) and magnetic resonance imaging (MRI) may be very useful tools to detect changes in uterine tissues since 1 month after the 
last RT cycle: diagnostic imaging shows a reduced uterine volume due to a sclerotic myometrium, a thinner endometrium and a decreased 
uterine blood flow. These modifications lead to an impaired uterine elasticity and trophism and they seem to be more evident after a direct 
uterine irradiation or when RT was performed before menarche or within 7 years after it [15–18]. These data were confirmed by Critchley et 
al [18] that reported a shorter uterine length and an undetectable uterine blood flow in in women exposed to whole abdominal irradiation 
during childhood than in patients with adult onset POF an no history of RT.

Most of the available data about this topic comes from the setting of anticancer treatments during childhood or adolescence. There is a lack 
of evidence among women exposed to uterine irradiation during adulthood. One of the most relevant paper focused on uterine changes 
after pelvic RT at a dosage of 40–65 Gy during adulthood was the one published by Arrive et al [17]: they described a significant myometrial 
alteration on T2-weighted MRI, just 1 month after the completion of RT. This resulted in a reduction of the uterine volume at least 3 months 
after the radiation treatment, while a diminished endometrial thickness was shown after 6 months [17].

As for the ovarian injury, uterine radiation-induced damage depends not only on patient’s age, but also on the total radiation dose and on 
the site of irradiation.

There are also very limited data on the critical dose for endometrial function. It is assumed that a uterine radiation dose <4 Gy does not impair 
the uterine function, whereas doses between 14 and 30 Gy have been reported to result in uterine dysfunction [7, 19]. A dose > 45 Gy during 
adulthood (>25 Gy during childhood) probably is incompatible with further pregnancy [15].

RT for several neoplasms (i.e., haematological, cervical, anal and colorectal cancer, and soft tissue sarcomas) often has to involve the uterus, 
partially or whole, in the clinical target volume [20, 21]. Also some precancerous and/or non-malignant diseases, such as myelodysplasia, 
aplastic anaemia, thalassemia and systemic lupus erythematosus, could need high-dose gonadotoxic chemotherapy with or without TBI. 
Abdominal and pelvic irradiation may be part of the management of Wilms tumour, pelvic rhabdomyosarcoma, and Ewing sarcoma of the 
pelvis or spine [22].

Larsen et al [16] showed that patients who have received direct uterine irradiation had significantly lower uterine volume than those who had 
not received RT or those who underwent RT to field above or below the diaphragm (p < 0.02 in all comparisons). No statistically significant 
difference was found in uterine volume between patients treated with RT below the diaphragm and patients who had not received RT; how-
ever, some patients irradiated below the diaphragm (but not directly to the uterus) had very small uterine volume suggesting that scattering 
radiation might have occurred.

More recently, Van de Loo et al [23] evaluated the effects of uterine irradiation in a large population of childhood cancer survivors (CCSs), and 
compared outcomes with those of a group of nonirradiated CCSs and a group of women from the general population. CCSs enrolled in this 
study underwent RT to a field that certainly (TBI; pelvic RT) or most likely (low-abdominal and lower spinal RT) involved part of the uterus. 
The median uterine volume did not seem to be significantly smaller in RT-exposed CCSs compared with non-RT-exposed CCSs. As expected, 
RT-exposed CCSs resulted to be at increased risk of a reduced uterine volume (<44.3 ml) compared with controls from general population. 
Remarkably, the same was true for non-RT-exposed CCSs compared with controls. This means that not only uterine irradiation, but also 
chemotherapy could play an important role [24]. Anyway, only one paper showed an impaired uterine volume in patients treated with an 
alkylating agent (busulfan) [14] as pre-conditioning treatment for bone marrow transplant.

Reproductive and obstetrical outcomes after uterine irradiation

Reinmuth et al [25] reported the analysis of the first nationwide survey among German adults with a history of childhood cancer; they 
showed that pelvic irradiation strongly affects fertility [25]. RT-induced injury in the glandular and stromal components of the endometrium 
causes destruction of progenitor basal cell layer and consequent subfertility or infertility by inducing a state of endometrial atrophy that could 
forbid the embryo implantation [15]. CCSs are more likely to suffer from clinical infertility and have prolonged time to achieve than their 
siblings even when they retain ovarian function after exposure to radiation [26].
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Even if a pregnancy occurs, population-based studies of cancer survivors have demonstrated an association between TBI, abdominal and/
or pelvic RT and adverse pregnancy and neonatal outcomes, including placental abnormalities, early pregnancy loss, preterm birth, low 
birthweight (LBW) infants (<2,500 g) and perinatal mortality [23, 27–33]. Reduced uterine volume, impaired uterine elasticity, and damage 
to the uterine vasculature, and not oocyte damage, have been suggested to cause these poor obstetrical outcomes [34]. Of them, uterine 
volume reduction may play a central role [16]. Larsen et al [16] reported that mid-trimester miscarriages occurred significantly in patients 
who received RT at a younger age and directed to fields below the diaphragm and to fields directly involving the uterus (p = 0.007): of 16 
patients with previous uterine irradiation, six became pregnant, of which three had a mid-trimester abortion, one a preterm birth, and two 
had term deliveries. Miscarriage occurred in those with a uterine volume of 20–40 mL. No women irradiated under 8 years of age and with 
a uterine volume < 20 mL became pregnant.

Conversely, few case reports of successful pregnancies were published in women exposed to high doses of pelvic radiation during adulthood 
[7, 35–37].

Signorello et al [30] reported that uterine exposure to RT was associated with increased risk of preterm birth. The damage was greater, 
and the threshold lower, for patients treated before menarche. The severity of preterm delivery is also reported to increase with the dose 
of irradiation [29, 30]. High-dose uterine irradiation was also associated with children born small when compared with others of the same 
gestational age and, furthermore, with LBW. No statistically significant differences between groups were found regarding the probability 
of having small for gestational age offspring or a miscarriage. This implies that RT directed to the abdominal-pelvic area impairs the uterine 
ability to sufficiently expand and carry a pregnancy to term rather than impair placental function [23, 29, 38]. The mechanisms by which RT 
could cause preterm delivery are speculative, but several possibilities exist. First, the physical constraint of the pregnancy induced by somatic 
effects, including decreased uterine volume, as described above, could influence the risk of preterm birth. Also, uterine fibrosis might impair 
cervical competence or placentation (leading to abruptio placentae), both factors that are linked to preterm birth [30, 39]. An excess of fetal 
malpresentation is reported among female cancer survivors treated with flank irradiation [29], and malpresentation is a known risk factor for 
preterm birth [40].

Signorello et al [41] reported that uterine or ovarian irradiation was also associated with an increased risk of stillbirth or neonatal death, that 
seemed to be independent from the risk of preterm birth, suggesting that RT has a role in the cause of late foetal death [41]. They could not 
directly establish whether uterine injury or oocyte damage was the cause of the association with stillbirth or neonatal death, but a uterine 
effect was most likely. A small proportion of patients with Wilms’ tumours included in this study might also have uterine anomalies that could 
contribute to the increased risk of stillbirth or neonatal death, independently of radiation effects [42]. Women who had a successful preg-
nancy with a past history of RT usually require caesarean section [43, 44].

In the British Childhood Cancer Survivor Study, a threefold risk of gestational hypertension was described for survivors of Wilms tumour 
treated with abdominal RT [44]. The rate of gestational diabetes is not consistently higher in cancer survivors than in controls [38], but 
abdominal RT has been associated with a 2.7- to 4.7-fold higher risk in one study [31, 45].

Potential strategies to preserve/improve the uterine function

Azaïs et al [46] described uterus fixation to the ventral abdominal wall as a safe and feasible surgical technique that could be performed 
in order to spare as much as possible of the endometrium in case of pelvic RT, in particular for colon-rectal cancer [46]. However, a cost-
effectiveness analysis of this procedure is lacking and future research is necessary.

Moreover, the advances in RT treatment planning such as intensity-modulated radiation therapy, image-guided radiation therapy and proton 
therapy techniques offer the possibility to administer high doses to a more conformal volume while sparing organs at risk as the uterus [47].

The efficacy and the most appropriate dose, formulation and route of administration of sex hormone replacement therapy (HRT) to young 
women with ovarian failure after pelvic irradiation have not yet been established. No improvement in endometrial thickness and blood sup-
ply was observed after 1 month of HRT in three survivors with ovarian failure after treatment with abdominal irradiation [19]. Larsen et al 
[16] did not demonstrate significant improvement in uterine volume, endometrial thickness or uterine blood supply in response to a 3-month 
exposure to high-dose estradiol regimen (percutaneous estradiol 150 µg/24 h) in patients with ovarian failure and small uterine volume 
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following abdominal or pelvic RT [16]. Bath et al [48] showed improvement in all uterine characteristics in four women who had received 
TBI in childhood when HRT was extended over three cycles. An explanation may be that abdominal and pelvic irradiation (30–45 Gy) prob-
ably causes more damage to uterine musculature and vasculature compared with TBI (14.4 Gy). Bath reported that even if uterine volume 
improved, it remained significantly lower in girls exposed to RT than in controls, particularly in those treated with RT before puberty [48]. In 
the paper by van de Loo et al [23], the use of HRT (oral and intrauterine device) did not significantly change the uterine volume. 

These data are important, because the lack of a consistent uterine response even after 3 months of high-dose estradiol impairs the possible 
success of egg-donation in women who have received abdominal or pelvic irradiation. 

Encouraging results have been reported with the use of HRT together with the antifibrotic agents pentoxifylline (PTX) and tocopherol (vita-
min E) [49]. The combined use of PTX and tocopherol seems to induce regression of radiation-induced fibrosis both in animal and human 
studies [49].

The advent of uterus transplantation may change the scenario but, to date, counselling patients based on this opportunity is not feasible [50]. 
Another alternative could be surrogacy that is currently banned in several countries.

Conclusions and take-home messages

In conclusion, cancer survivors who were exposed to uterine irradiation and are interested in childbearing should be counselled by a multidis-
ciplinary team involving the medical or paediatric oncologist, the radiation oncologist, the gynaecologist, and the reproductive endocrinolo-
gist. A simplified list of take-home messages is included.

1)  Uterine irradiation could damage the myometrium, the endometrium and the uterine vasculature leading to smaller and less elastic 
uterus. The extent of this injury depends on patient’s age, field of irradiation and total radiation dose.

2)  Cancer survivors previously exposed to RT that involved the uterus are at increased risk of negative reproductive and obstetrical 
outcomes, such as infertility, mid-trimester miscarriage, preterm birth, LBW infants, stillbirth and neonatal death. This is particularly 
relevant in women who were irradiated before menarche. 

3)  Since the decreased uterine volume may be the main determinant of pregnancy complications, and since the volume cannot be signifi-
cantly improved by HRT, uterine size (assessed by ultrasound or MRI) may determine the pregnancy outcome. 

4)  Little evidences are available about reproductive and obstetrical outcome of women who had pelvic radiation during adulthood, but 
some case reports of successful pregnancies after adulthood RT have been described [7, 35–37].5) HRT ± PTX-Vit E could improve the 
uterine environment, even if data are not conclusive or particularly encouraging. 

6)  Caesarean delivery should be advised in most cases because of the increased risk of uterine rupture, placental anomalies and foetal 
malpresentation. 

7)  In case of TBI/partial pelvic irradiation at a dose of 4–45 Gy (4–25 Gy if childhood radiation), patients should be aware that pregnancy 
might occur, but the risk of pregnancy complications is increased.

8)  In case of whole pelvic radiation at a dose > 45 Gy (> 25 Gy if childhood radiation), pregnancy should be discouraged and contraception 
advised. 

Acknowledgments

This work was partially supported by the Italian Ministry of Health with Ricerca Corrente and 5 × 1,000 funds.

Conflicts of interest

The authors declare that they have no conflicts of interest.

https://doi.org/10.3332/ecancer.2020.1032


Re
vi

ew

ecancer 2020, 14:1032; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2020.1032 6

Funding statement

No funding was received for this specific research.

Authors’ contributions

All authors listed have contributed sufficiently to the writing and/or critical revision of the paper; they have approved the submitted final 
version.

References

 1. Arnold M, Rutherford MJ, and Bardot A, et al (2019) Progress in cancer survival, mortality, and incidence in seven high-income coun-
tries 1995–2014 (ICBP SURVMARK-2): a population-based study Lancet Oncol 20(11) 1493–1505 Epub 2019 Sep 11 https://doi.
org/10.1016/S1470-2045(19)30456-5 PMID: 31521509 PMCID: 6838671

 2. Buonomo B, Azim HA, and Alviggi C, et al (2020) Epidemiology and general considerations of pregnancy following cancer diagno-
sis Fertility Challenges and Solutions in Women with Cancer eds H Azim, I Demeestere, and F Peccatori (Cham: Springer) https://doi.
org/10.1007/978-3-030-24086-8_1

 3. Anderson RA, Brewster DH, and Wood R, et al (2018) The impact of cancer on subsequent chance of pregnancy: a population-based 
analysis Hum Reprod 33 1281–1290 https://doi.org/10.1093/humrep/dey216 PMID: 29912328 PMCID: 6012597

 4. Spanos CP, Mamopoulos A, and Tsapas A, et al (2008) Female fertility and colorectal cancer Int J Colorectal Dis 23(8) 735–743 
[doi:10.1007/s00384-008-0483-3] Epub 2008 May 6 https://doi.org/10.1007/s00384-008-0483-3 PMID: 18458919

 5. Wallace WHB, Thomson AB, and Kelsey TW (2003) The radiosensitivity of the human oocyte Hum Reprod 18 1–5 https://doi.
org/10.1093/humrep/deg016

 6. Ogilvy-Stuart AL and Shalet SM (1993) Effect of radiation on the human reproductive system Environ Health Perspect 101(Suppl 2) 
109–116 PMID: 8243379 PMCID: 1519954

 7. Bath LE, Tydeman G, and Critchley HO, et al (2004) Spontaneous conception in a young woman who had ovarian cortical tissue cryo-
preserved before chemotherapy and radiotherapy for a Ewing’s sarcoma of the pelvis: case report Hum Reprod 19(11) 2569–2572 Epub 
2004 Aug 13 https://doi.org/10.1093/humrep/deh472 PMID: 15310731

 8. Bisharah M and Tulandi T (2003) Laparoscopic preservation of ovarian function: an underused procedure Am J Obstet Gynecol 188(2) 
367–370 https://doi.org/10.1067/mob.2003.38 PMID: 12592241

 9. Fujimoto A, Ichinose M, and Harada M, et al (2014) The outcome of infertility treatment in patients undergoing assisted reproductive 
technology after conservative therapy for endometrial cancer J Assist Reprod Genet 31 1189–1194 https://doi.org/10.1007/s10815-
014-0297-x PMID: 25106937 PMCID: 4156956

 10. Munoz E, Fernandez I, and Martinez M, et al (2015) Oocyte donation outcome after oncological treatment in cancer survivors Fertil 
Steril 103 205–213 https://doi.org/10.1016/j.fertnstert.2014.09.027

 11. Vernaeve V, Bodri D, and Colodron M, et al (2007) Endometrial receptivity after oocyte donation in recipients with a history of chemo-
therapy and/or radiotherapy Hum Reprod 22 2863–2867 https://doi.org/10.1093/humrep/dem276 PMID: 17855411

 12. Van der Ven H, Liebenthron J, and Beckmann M, et al (2016) Ninety-five orthotopic transplantations in 74 women of ovarian tissue 
after cytotoxic treatment in a fertility preservation network: tissue activity, pregnancy and delivery rates Hum Reprod 31 2031–2041 
https://doi.org/10.1093/humrep/dew165 PMID: 27378768

https://doi.org/10.3332/ecancer.2020.1032
https://doi.org/10.1016/S1470-2045(19)30456-5
https://doi.org/10.1016/S1470-2045(19)30456-5
http://www.ncbi.nlm.nih.gov/pubmed/31521509
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6838671
https://doi.org/10.1007/978-3-030-24086-8_1
https://doi.org/10.1007/978-3-030-24086-8_1
https://doi.org/10.1093/humrep/dey216
http://www.ncbi.nlm.nih.gov/pubmed/29912328
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6012597
https://doi.org/10.1007/s00384-008-0483-3
http://www.ncbi.nlm.nih.gov/pubmed/18458919
https://doi.org/10.1093/humrep/deg016
https://doi.org/10.1093/humrep/deg016
http://www.ncbi.nlm.nih.gov/pubmed/8243379
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1519954
https://doi.org/10.1093/humrep/deh472
http://www.ncbi.nlm.nih.gov/pubmed/15310731
https://doi.org/10.1067/mob.2003.38
http://www.ncbi.nlm.nih.gov/pubmed/12592241
https://doi.org/10.1007/s10815-014-0297-x
https://doi.org/10.1007/s10815-014-0297-x
http://www.ncbi.nlm.nih.gov/pubmed/25106937
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4156956
https://doi.org/10.1016/j.fertnstert.2014.09.027
https://doi.org/10.1093/humrep/dem276
http://www.ncbi.nlm.nih.gov/pubmed/17855411
https://doi.org/10.1093/humrep/dew165
http://www.ncbi.nlm.nih.gov/pubmed/27378768


Re
vi

ew

ecancer 2020, 14:1032; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2020.1032 7

 13. Wallace WHB, Shalet SM, and Crowne EC, et al (1989) Ovarian failure following abdominal irradiation in childhood: natural history and 
prognosis Clin Oncol 1 75–79 https://doi.org/10.1016/S0936-6555(89)80039-1

 14. Beneventi F, Locatelli E, and Giorgiani G, et al (2015) Adolescent and adult uterine volume and uterine artery Doppler blood flow among 
subjects treated with bone marrow transplantation or chemotherapy in pediatric age: a case-control study Fertil Steril 103 455–461 
https://doi.org/10.1016/j.fertnstert.2014.10.043

 15. Teh WT, Stern C, and Chander S, et al (2014) The impact of uterine radiation on subsequent fertility and pregnancy outcomes Biomed 
Res Int 2014 482968 https://doi.org/10.1155/2014/482968 PMID: 25165706 PMCID: 4140124

 16. Larsen EC, Schmiegelow K, and Rechnitzer C, et al (2004) Radiotherapy at a young age reduces uterine volume of childhood cancer 
survivors Acta Obstet Gynecol Scand 83 96–102 https://doi.org/10.1111/j.1600-0412.2004.00332.x

 17. Arrive L, Chang YCF, and Hricak H, et al (1989) Radiation-induced uterine changes: MR imaging Radiology 170(1) 55–58 https://doi.
org/10.1148/radiology.170.1.2909120 PMID: 2909120

 18. Critchley HO and Wallace WH (2005) Impact of cancer treatment on uterine function J Natl Cancer Inst Monogr (34) 64–68 https://doi.
org/10.1093/jncimonographs/lgi022 PMID: 15784827

 19. Critchley HOD, Wallace WHB, and Shalet SM, et al (1992) Abdominal irradiation in childhood: the potential for pregnancy Br J Obstetr 
Gynaecol 99(5) 392–394 https://doi.org/10.1111/j.1471-0528.1992.tb13755.x

 20. American Cancer Society (2011) Global Cancer Facts & Figures 2nd edn (Atlanta: American Cancer Society)

 21. Howlader N, Noone AM, and Krapcho M, et al eds SEER Cancer Statistics Review, 1975–2009 (Vintage 2009 Populations, Based on 
November 2011 SEER Data Submission) [http://seer .cancer.gov/csr/1975 2009 pops09/]

 22. Oktem O, Kim SS, and Selek U, et al (2018) Ovarian and uterine functions in female survivors of childhood cancers Oncologist 23(2) 
214–224 [doi:10.1634/theoncologist.2017-0201] Epub 2017 Nov 20 https://doi.org/10.1634/theoncologist.2017-0201 PMCID: 
5813745

 23. van de Loo LEXM, van den Berg MH, and Overbeek A, et al (2019) Uterine function, pregnancy complications, and pregnancy out-
comes among female childhood cancer survivors Fertil Steril 111(2) 372–380 https://doi.org/10.1016/j.fertnstert.2018.10.016 PMID: 
30691634

 24. Winther JF and Olsen JH (2011) Adverse reproductive effects of treatment for cancer in childhood and adolescence Eur J Cancer 47 
S230–S238 https://doi.org/10.1016/S0959-8049(11)70169-1 PMID: 21943980

 25. Reinmuth S, Hohmann C, and Rendtorff R, et al (2013) Impact of chemotherapy and radiotherapy in childhood on fertility in adult-
hood: the FeCt-survey of childhood cancer survivors in Germany J Cancer Res Clin Oncol 139(12) 2071–2078 https://doi.org/10.1007/
s00432-013-1527-9 PMID: 24085598

 26. Barton SE, Najita JS, and Ginsburg ES, et al (2013) Infertility, infertility treatment, and achievement of pregnancy in female survivors 
of childhood cancer: A report from the Childhood Cancer Survivor Study cohort Lancet Oncol 14 873–881 https://doi.org/10.1016/
S1470-2045(13)70251-1 PMID: 23856401 PMCID: 3845882

 27. Green DM, Peabody EM, and Nan B, et al (2002) Pregnancy outcome after treatment for Wilms tumor: a report from the National 
Wilms Tumor Study Group J Clin Oncol 20 2506–2513 https://doi.org/10.1200/JCO.2002.07.159 PMID: 12011129

 28. Chiarelli AM, Marrett LD, and Darlington GA (2000) Pregnancy outcomes in females after treatment for childhood cancer Epidemiology 
11 161–166 https://doi.org/10.1097/00001648-200003000-00013 PMID: 11021613

 29. Green DM, Whitton JA, and Stovall M, et al (2002) Pregnancy outcome of female survivors of childhood cancer: a report from the Child-
hood Cancer Survivor Study Am J Obstet Gynecol 187 1070–1080 https://doi.org/10.1067/mob.2002.126643 PMID: 12389007

https://doi.org/10.3332/ecancer.2020.1032
https://doi.org/10.1016/S0936-6555(89)80039-1
https://doi.org/10.1016/j.fertnstert.2014.10.043
https://doi.org/10.1155/2014/482968
http://www.ncbi.nlm.nih.gov/pubmed/25165706
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4140124
https://doi.org/10.1111/j.1600-0412.2004.00332.x
http://www.ncbi.nlm.nih.gov/pubmed/2909120
http://www.ncbi.nlm.nih.gov/pubmed/2909120
http://www.ncbi.nlm.nih.gov/pubmed/2909120
https://doi.org/10.1093/jncimonographs/lgi022
https://doi.org/10.1093/jncimonographs/lgi022
http://www.ncbi.nlm.nih.gov/pubmed/15784827
https://doi.org/10.1111/j.1471-0528.1992.tb13755.x
http://seer .cancer.gov/csr/1975 2009 pops09/
https://doi.org/10.1634/theoncologist.2017-0201
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5813745
https://doi.org/10.1016/j.fertnstert.2018.10.016
http://www.ncbi.nlm.nih.gov/pubmed/30691634
https://doi.org/10.1016/S0959-8049(11)70169-1
http://www.ncbi.nlm.nih.gov/pubmed/21943980
https://doi.org/10.1007/s00432-013-1527-9
https://doi.org/10.1007/s00432-013-1527-9
http://www.ncbi.nlm.nih.gov/pubmed/24085598
https://doi.org/10.1016/S1470-2045(13)70251-1
https://doi.org/10.1016/S1470-2045(13)70251-1
http://www.ncbi.nlm.nih.gov/pubmed/23856401
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3845882
https://doi.org/10.1200/JCO.2002.07.159
http://www.ncbi.nlm.nih.gov/pubmed/12011129
https://doi.org/10.1097/00001648-200003000-00013
http://www.ncbi.nlm.nih.gov/pubmed/11021613
https://doi.org/10.1067/mob.2002.126643
http://www.ncbi.nlm.nih.gov/pubmed/12389007


Re
vi

ew

ecancer 2020, 14:1032; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2020.1032 8

 30. Signorello LB, Cohen SS, and Bosetti C, et al (2006) Female survivors of childhood cancer: preterm birth and low birth weight among 
their children J Natl Cancer Inst 98(20) 1453–1461 https://doi.org/10.1093/jnci/djj394 PMID: 17047194 PMCID: 2730161

 31. Haggar FA, Pereira G, and Preen D, et al (2014) Adverse obstetric and perinatal outcomes following treatment of adolescent and young 
adult cancer: a population-based cohort study PLoS One 9 e113292 https://doi.org/10.1371/journal.pone.0113292 PMID: 25485774 
PMCID: 4259305

 32. Clark H, Kurinczuk JJ, and Lee AJ, et al (2007) Obstetric outcomes in cancer survivors Obstet Gynecol 110 849–854 https://doi.
org/10.1097/01.AOG.0000284458.53303.1c PMID: 17906019

 33. Black KZ, Nichols HB, and Eng E, et al (2017) Prevalence of preterm, low birthweight, and small for gestational age delivery after breast 
cancer diagnosis: a population-based study Breast Cancer Res 19 https://doi.org/10.1186/s13058-017-0803-z

 34. Watanabe T, Matsubara S, and Saito Y, et al (2012) Pregnant woman with an extremely small uterus due to pelvic irradiation in child-
hood J Obstet Gynaecol Res 38(3) 559–561 https://doi.org/10.1111/j.1447-0756.2011.01730.x PMID: 22381106

 35. Hürmüz P, Sebag-Montefiore D, and Byrne P, et al (2012) Successful spontaneous pregnancy after pelvic chemoradiotherapy for anal 
cancer Clin Oncol (R Coll Radiol) 24(6) 455–457 https://doi.org/10.1016/j.clon.2012.03.006

 36. Köhler C, Marnitz S, and Biel P, et al (2016) Successful delivery in a 39-year-old patient with anal cancer after fertility-preserving surgery 
followed by primary chemoradiation and low anti-Mullerian hormone level Oncology 91(5) 295–298 https://doi.org/10.1159/000449416 
PMID: 27677176

 37. Rodriguez-Wallberg KA, Karlström PO, and Rezapour M, et al (2015) Full-term newborn after repeated ovarian tissue transplants in a 
patient treated for Ewing sarcoma by sterilizing pelvic irradiation and chemotherapy Acta Obstet Gynecol Scand 94(3) 324–328 Epub 
2015 Feb 2 https://doi.org/10.1111/aogs.12568 PMCID: 4671259

 38. Reulen RC, Bright CJ, and Winter DL, et al (2017) Pregnancy and labor complications in female survivors of childhood cancer: the British 
Childhood Cancer Survivor Study J Natl Cancer Inst 109 1–10 https://doi.org/10.1093/jnci/djx056

 39. Lumley J (2003) Defining the problem: the epidemiology of preterm birth BJOG 110(Suppl 20) 3–7 https://doi.org/10.1046/j.1471-
0528.2003.00011.x PMID: 12763104

 40. Tough SC, Newburn-Cook CV, and White DE, et al (2003) Do maternal characteristics and past pregnancy experiences predict preterm 
delivery among women aged 20 to 34? J Obstet Gynaecol Can 25 656–666 https://doi.org/10.1016/S1701-2163(16)30124-4 PMID: 
12908018

 41. Signorello LB, Mulvihill JJ, and Green DM, et al (2010) Stillbirth and neonatal death in relation to radiation exposure before conception: 
a retrospective cohort study Lancet 376(9741) 624–630 Epub 2010 Jul 23 https://doi.org/10.1016/S0140-6736(10)60752-0 PMID: 
20655585 PMCID: 3008402

 42. Nicholson HS, Blask AN, and Markle BM, et al (1996) Uterine anomalies in Wilms’ tumor survivors Cancer 78 887–891 https://doi.
org/10.1002/(SICI)1097-0142(19960815)78:4<887::AID-CNCR28>3.0.CO;2-Q PMID: 8756386

 43. Griffiths MJ, Winship AL, and Hutt KJ (2019) Do cancer therapies damage the uterus and compromise fertility? Hum Reprod Update pii: 
dmz041 https://doi.org/10.1093/humupd/dmz041 PMID: 31863097

 44. van Dorp W, Haupt R, and Anderson RA, et al (2018) Reproductive function and outcomes in female survivors of childhood, adoles-
cent, and young adult cancer: a review J Clin Oncol 36(21) 2169–2180 https://doi.org/10.1200/JCO.2017.76.3441 PMID: 29874135 
PMCID: 7098836

 45. Mueller BA, Chow EJ, and Kamineni A, et al (2009) Pregnancy outcomes in female childhood and adolescent cancer survivors: a 
linked cancer-birth registry analysis Arch Pediatr Adolesc Med 163 879–886 https://doi.org/10.1001/archpediatrics.2009.112 PMID: 
19805705 PMCID: 2758647

https://doi.org/10.3332/ecancer.2020.1032
https://doi.org/10.1093/jnci/djj394
http://www.ncbi.nlm.nih.gov/pubmed/17047194
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2730161
https://doi.org/10.1371/journal.pone.0113292
http://www.ncbi.nlm.nih.gov/pubmed/25485774
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4259305
https://doi.org/10.1097/01.AOG.0000284458.53303.1c
https://doi.org/10.1097/01.AOG.0000284458.53303.1c
http://www.ncbi.nlm.nih.gov/pubmed/17906019
https://doi.org/10.1186/s13058-017-0803-z
https://doi.org/10.1111/j.1447-0756.2011.01730.x
http://www.ncbi.nlm.nih.gov/pubmed/22381106
https://doi.org/10.1016/j.clon.2012.03.006
https://doi.org/10.1159/000449416
http://www.ncbi.nlm.nih.gov/pubmed/27677176
https://doi.org/10.1111/aogs.12568
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4671259
https://doi.org/10.1093/jnci/djx056
https://doi.org/10.1046/j.1471-0528.2003.00011.x
https://doi.org/10.1046/j.1471-0528.2003.00011.x
http://www.ncbi.nlm.nih.gov/pubmed/12763104
https://doi.org/10.1016/S1701-2163(16)30124-4
http://www.ncbi.nlm.nih.gov/pubmed/12908018
https://doi.org/10.1016/S0140-6736(10)60752-0
http://www.ncbi.nlm.nih.gov/pubmed/20655585
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3008402
https://doi.org/10.1002/(SICI)1097-0142(19960815)78:4<887::AID-CNCR28>3.0.CO;2-Q
https://doi.org/10.1002/(SICI)1097-0142(19960815)78:4<887::AID-CNCR28>3.0.CO;2-Q
http://www.ncbi.nlm.nih.gov/pubmed/8756386
https://doi.org/10.1093/humupd/dmz041
http://www.ncbi.nlm.nih.gov/pubmed/31863097
https://doi.org/10.1200/JCO.2017.76.3441
http://www.ncbi.nlm.nih.gov/pubmed/29874135
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7098836
https://doi.org/10.1001/archpediatrics.2009.112
http://www.ncbi.nlm.nih.gov/pubmed/19805705
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2758647


Re
vi

ew

ecancer 2020, 14:1032; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2020.1032 9

 46. Azaïs H, Canova CH, and Vesale E, et al (2018) Laparoscopic uterine fixation to spare fertility before pelvic radiation therapy Fertil Steril 
110(5) 974–975 https://doi.org/10.1016/j.fertnstert.2018.07.020 PMID: 30316445

 47. Mariani S, Chiloiro G, and Villa P, et al (2019) Fertility preservation in chemo-radiotherapy for rectal cancer: a combined approach Clin 
Transl Radiat Oncol 19 77–79 https://doi.org/10.1016/j.ctro.2019.09.002 PMID: 31650042 PMCID: 6804737

 48. Bath LE, Critchley HOD, and Chambers SE, et al (1999) Ovarian and uterine characteristics after total body irradiation in childhood and 
adolescence: response to sex steroid replacement Br J Obstet Gynaecol 106 1265–1272 https://doi.org/10.1111/j.1471-0528.1999.
tb08180.x PMID: 10609720

 49. Letur-Könirsch H, Guis F, and Delanian S (2002) Uterine restoration by radiation sequelae regression with combined pentoxifylline-
tocopherol: a phase II study Fertil Steril 77 1219–1226 https://doi.org/10.1016/S0015-0282(02)03120-5 PMID: 12057732

 50. Tummers P, Göker M, and Dahm-Kahler P, et al (2019) Meeting report: first state-of-the-art meeting on uterus transplantation Trans-
plantation 103(3) 455–458 https://doi.org/10.1097/TP.0000000000002561 PMID: 30747845

https://doi.org/10.3332/ecancer.2020.1032
https://doi.org/10.1016/j.fertnstert.2018.07.020
http://www.ncbi.nlm.nih.gov/pubmed/30316445
https://doi.org/10.1016/j.ctro.2019.09.002
http://www.ncbi.nlm.nih.gov/pubmed/31650042
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6804737
https://doi.org/10.1111/j.1471-0528.1999.tb08180.x
https://doi.org/10.1111/j.1471-0528.1999.tb08180.x
http://www.ncbi.nlm.nih.gov/pubmed/10609720
https://doi.org/10.1016/S0015-0282(02)03120-5
http://www.ncbi.nlm.nih.gov/pubmed/12057732
https://doi.org/10.1097/TP.0000000000002561
http://www.ncbi.nlm.nih.gov/pubmed/30747845

