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Introduction: Colorectal cancer is a very common form of cancer worldwide, affecting an increasing num-
ber of young women. Standard treatment for locally advanced rectal cancer (LARC) can pose a threat to
fertility in these patients.
Case presentation: We present the case of a young woman affected by LARC who expressed a desire for
child-bearing. The treatment she was proposed, according to guidelines, was neoadjuvant chemo-
radiotherapy (CRT) followed by delayed surgery, carrying with it a high risk for amenorrhea.
Counselling was performed before the initiation of treatment, with the aim of preserving fertility by
the proposal of GnRH agonist administration, ovarian transposition and ovarian tissue cryopreservation,
which the patient accepted. Treatment was then successfully completed. The patient presented regular
menstrual period from before the surgery.
Discussion: Ovarian tissue isverysensitive toradiations.Transpositionof theorgancanpreventovarian insuf-
ficiency by placing it outside the radiation field, while ovarian tissue cryopreservation and orthotopic trans-
plantation offers the possibility to restore fertility in the case of organ failure. We performed both of the
techniques.GnRHanalogsadministrationallowed todiminish the riskofovariancytotoxicity.Radiation treat-
mentplanwasoptimized inorder tominimize thedose toorgansat risk (ovaryandvagina inparticular); posi-
tion of the uterus, which is quite radiosensitive too, was monitored with daily cone-beam CT (CBCT).
Conclusion: The strategyproposed seemed safe and effective, resulting in radical treatment andpersistence of
regular menstrual period. Further studies are needed.

� 2019 The Authors. Published by Elsevier B.V. on behalf of European Society for Radiotherapy and
Oncology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction radiotherapy and chemotherapy are both responsible of impair-
Colorectal cancer (CRC) is a common form of cancer, with 1.8
million new cases worldwide and almost 500.000 in Europe in
2018 according to the World Health Organization database [1]. It
is estimated to be the second most frequent form of cancer among
women; approximately one third of the cases are limited to the
rectum, and the incidence of rectal cancer in patients aged <40
appears to be increasing [2]. A combined approach including
chemo-radiotherapy (CRT) and surgery is the standard of care
for most cases of locally advanced rectal cancer (LARC) [3];
ment of fecundity and fertility. Currently the availability of meth-
ods for fertility preservation, such as surgical transposition of the
ovaries and ovarian tissue cryopreservation, together with the
advances in radiotherapy with the possibility of delivering ultra-
conformal treatments and monitoring target and organs at risk
by high quality imaging, make theoretically possible to preserve
fertility in women irradiated on the pelvis (Table 1). It is therefore
a responsibility of healthcare providers to discuss fertility preser-
vation options with reproductive-aged patients.
2. Case presentation

We present the case of a 24-year-old nulligravida woman who
was diagnosed with well differentiated rectal adenocarcinoma
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Table 1
Dose to target and organs at risk.

Structure (name) Volume (cm3) Min dose (Gy) Max dose (Gy) Mean dose (Gy)

Anal sphincter 6.8 3.6 55.2 24.5
Left ovary 13.3 0.6 2.1 1.1
Vagina, inferior third 32.5 5.4 54.2 22.1
Uterus 90 18 56.6 41.8
Bladder 136.7 13.4 46.9 33.1
Right femur head 166.2 0.3 41.9 9.3
Left femur head 173.8 0.2 38.5 8.5
Bowel 495.4 1 51.2 19.6
PTV1 329.2 48.9 57.9 55.2
PTV2 554.2 12.7 54.5 44.5
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after complaining of rectal bleeding. MRI showed a substenosing
tumour of the low-medium rectum extending from 1.5 cm above
the ano-rectal junction cranially for 8 cm, with invasion of the
mesorectal fascia (MRF) and mesorectal suspect lymph nodes in
number <4; TNM stage cT3cN1, MRF+. A total body CT revealed
no other localization of disease. The suggested treatment for this
case was neoadjuvant long course CRT followed by delayed
surgery.

Based on the patient age and her desire for child-bearing, she
was early referred to a specialized oncofertility center. The patient
underwent transposition of the left ovary and ovarian tissue exci-
sion for cryopreservation purposes, both performed laparoscopi-
cally during the same procedure; basal serum level of anti-
müllerian hormone and antral follicle count were determined
before surgery to estimate ovarian reserve. The patient was also
given hormonal therapy (GnRH agonist leuprorelin, 3 administra-
tions) for ovarian suppression, before and during neoadjuvant
Fig. 1. Dose distribution. On the left, dose distribution to target (red contour); uterus and
2.1 Gy (blue colorwash) laps at the left ovary (yellow contour). (For interpretation of the
this article.)

Fig. 2. Cone-beam CT scans taken on two different days during treatment. Purple contou
virtually in the same position as in the simulation day; on the right, position of the ute
legend, the reader is referred to the web version of this article.)
treatment. One month after laparoscopy, CRT treatment started.
Radiotherapy was performed by Volumetric Modulated Arc Ther-
apy (VMAT) technique. At the time of prescribing and planning
of the radiation treatment, particular attention was given to the
transposed ovary, which was contoured as an organ at risk and
maintained to a dose below 3 Gy; the uterus and the vagina (infe-
rior third) received a mean dose of 41.8 Gy and 22.1 Gy respec-
tively (Fig. 1). Instructions on bladder filling were administered
to the patient and a cone-beam CT (CBCT) scan was performed
daily to assess the position of the uterus (Fig. 2).

Neoadjuvant treatment was completed within 5 weeks and 25
fractions of radiotherapy: a total dose of 45 Gy in 1.8 Gy per day
was delivered to mesorectum, presacral space and internal iliac
nodes; a simultaneous integrated boost, up to a total of 55 Gy in
2.2 Gy per day, was delivered to the tumour and correspondent
mesorectum. Concomitant chemotherapy was administered with
oral capecitabine (1650 mg/mq/day, everydayduring radiotherapy).
vagina are respectively represented by purple and yellow contour. On the right, the
references to colour in this figure legend, the reader is referred to the web version of

r shows position of the uterus at the time of simulation. On the left, the uterus was
rus was quite different. (For interpretation of the references to colour in this figure
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Ten weeks after completion of the neoadjuvant treatment,
instrumental restagingbypelvicMRI andclinical re-evaluationwere
performed and showed good but not complete response to treat-
ment; after twoweeks the patient underwent lowanterior resection
with totalmesorectal excision of the rectum. Pathologic assessment
revealed ypT2ypN0 residual adenocarcinoma. No adjuvant
chemotherapywas administered, as the patient rejected this option.

Four months after surgery, clinical and instrumental evaluation
showed no signs of residual or recurrent disease. Menstrual period
restarted before surgery and was regularly reported by the patient
during all the follow-up time. The estimated age of menopause,
based on the dose to the ovary and the patient age at time of treat-
ment, was about 40 year old [4].
3. Discussion

The increase in survival rates for most cancer sites [5], the rise
in childbearing age [6] and the yet mentioned tendency towards
increasing incidence of cancer among young patients are some of
the reasons why fertility preservation is an important issue for
cancer patients and health care providers nowadays. It is known
that chemotherapy and radiotherapy regimens can lead to infertil-
ity. The American Society for Clinical Oncology provides a useful
tool by regularly updating its fertility preservation guidelines [7].
Moreover, the advances in radiotherapy treatment planning and
delivery such as intensity-modulated radiation therapy (IMRT)
and image-guided radiation therapy (IGRT) techniques offer the
possibility to administer high doses to a more conformal volume
while sparing organs at risk.

Ovarian tissue is very sensitive to radiations; a dose of 2 Gy,
which is much lower than the dose delivered in a curative setting,
is estimated to kill half of an oocyte population [8]. Ovarian transpo-
sition is an option for pelvic irradiation candidate patients, and it
proved to preserve ovarian function in the majority of cases [9].
Placing the organ outside the radiation field (e.g. laterally and above
the pelvic brim) is considered safe and effective; however, the tech-
nique could be unsuccessful due to radiation scatter or remigration
of the transposed ovary. In this particular case, we decided to per-
form oophoropexy together with ovarian tissue cryopreservation.
The latter, even if still considered experimental, can restore ovarian
activity andwas shown to be related to successful pregnancies with
rates above 30% after auto-transplantation in a recent prospective
study [10]. Small parts of the ovary are excised and frozen in order
to be subsequently grafted in an orthotopic site. The procedure
can be safely performed laparoscopically. A possible cause of con-
cern when auto-transplanting ovarian tissue is the risk for local
recurrence due to reimplantation of neoplastic cells; however, the
incidence of ovarian metastases from colorectal cancer is approxi-
mately 4%, with no clear evidence supporting routine prophylactic
bilateral oophorectomy especially in premenopausal women [11].

Rapidly proliferating cells are easily killed by antineoplastic
agents. Cytotoxicity to ovarian tissue and the consequent risk of
premature ovarian failure depend on the type and dose of
chemotherapeutic agent; data on potential effects of capecitabine
on fertility in humans are still lacking, while it was found to impair
fertility in animals [12]. Gonadotropin releasing hormone analogs
(GnRHa) were found to have a protective role on ovarian function
in a recent trial on breast cancer patients [13]; the mechanism of
action is probably multifactorial. In addition to other methods,
we decided to administer a GnRHa in order to further reduce the
likelihood of ovarian insufficiency. Ovarian suppression as a reli-
able method for fertility preservation is still an open issue indeed.

Radiations, even with doses below 30 Gy [14], can affect fertility
by damaging the uterus too, because of its particularly sensitive
vessels and muscolature. It was demonstrated that large
movements of the uterus can occur during the course of radiother-
apy, the most notable being in the superior-inferior and anterior-
posterior directions; a technique for limiting organs at risk over-
dosage should therefore be taken into consideration, especially
when using IMRT as in our case [15]. Image guidance by daily CBCT
was performed giving us the opportunity for monitoring interfrac-
tion motion of the uterus; treatment was considered reproducible
every day.

Treatment plan was optimized, with an acceptable reduction of
the field superior border in order to keep ovary maximum dose
<3 Gy (Dmax 2.1 Gy, Dmean 1.1 Gy); we also aimed at minimizing
the dose to the inferior vagina, thus helping to preserve sexual
function in a sexually active woman.

4. Conclusions

To our knowledge, this is the first case of such a complex and
multidisciplinary approach offered to a young patient undergoing
fertility-threatening treatment for cancer. The methods we used
to preserve fertility did not require ovarian stimulation for oocyte
harvesting and did not compromise the patient prognosis. The
patient took an active part in the choice of fertility preservation
strategy. Persistence of menstrual period is a surrogate marker
for fertility; studies and time are needed to assess effectiveness
and safety of the strategy here proposed.
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