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Abstract: Ewing sarcoma (ES) is a rare, highly malignant sarcoma. It usually presents in the second decade of life; however, patients
can be diagnosed as early as newborns and as late as in their seventies. ES is most frequently found in the long bones of the extremities
and the pelvis. In older patients, ES can also arise in the soft tissues. Currently, there is no standard schedule for surveillance of adult
patients with ES after their initial treatment for localised disease, not only for the early detection of recurrence but also for long-term
side effects. Follow-up is based on group recommendations using extrapolated data obtained primarily from studies with paediatric
patients. The main objective of this review is to summarise the data available on treatment-associated complications in long-term
survivors. Furthermore, we provide a set of recommendations for optimising the follow-up of adults ES survivors, as well as for
managing the sequelae that result from intensive multimodal treatment.
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Introduction

Ewing Sarcoma (ES) is a rare subtype of sarcoma. Only 30% of affected patients are older than 20 years of age and their
treatment is currently based on data from younger patients, since the majority of clinical trials only recruited patients
younger than 18 years of age.

The diagnosis of ES is largely based on morphology and immunohistochemistry (small round cell tumours, CD99",
FLI"). Molecular confirmation by fluorescence in-situ hybridization (FISH) or next-generation sequencing for ES
breakpoint region 1 (EWSRI) rearrangements has currently become very common, since 90% of ES carry it. This
translocation fuses the EWSRI gene on chromosome 22 to the friend of leukemia virus integration site 1 gene (FLI/) on
chromosome 11 t(11;22)(q24;q12). The resulting EWSR1-FLII fusion product functions as an oncoprotein.’

Prior to the 1970s, ES tumours were treated with surgery, radiation therapy (RT) or a combination of both. Nearly all
patients eventually developed primary or distant relapse. Clinical trials performed in the 1970s established the efficacy of
different combinations of chemotherapy agents in ES, including the combination of vincristine and cyclophosphamide, or
the combination of vincristine, actinomycin-D, cyclophosphamide and doxorubicin.

Furthermore, patients with ES benefit the most by advances in multimodal approach developed over the last 40 years.
This multimodal approach includes perioperative chemotherapy, surgery and/or radiotherapy followed by post-operative
chemotherapy, leading to remarkable improvement in survival and greater likelihood of limb sparing surgery with fewer
toxicities." Currently, based on the Phase Il AEWS0031 and Euro Ewing 2012 trials, adult patients are treated with
induction chemotherapy with VDC/IE (alternating cycles of vincristine + doxorubicin + cyclophosphamide, and
ifosfamide + etoposide) with surgical resection or radiation therapy or both for the primary site. The role of consolidation
high dose chemotherapy with autologous hematopoietic cell transplantation remains controversial.”

Similar to the paediatric population, relapse is often systemic (71-73%), and only 11-15% of patients develop local
recurrence, leading to five-year post-local relapse survival rates of 15-25%. The prognosis of patients with metastatic

disease is dismal, with the exception of limited lung disease.’* Review of the European Intergroup Cooperative Ewing
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Sarcoma Studies showed that five year event-free survival (EFS) for patients with isolated lung metastases was 34%, for
those with bone/bone marrow metastases it was 28%, and for patients with combined lung and bone/bone marrow
metastases it was 14%. Currently, patients with recurrent ES in the lungs, are treated with radical multimodal therapy
which can provide long-term survival. Furthermore, most ES relapses occur within the first 2 years.’

Early detection of disease relapse is expected to give patients a chance for longer survival. On the other hand, little is
known about late effects of the therapy and their optimal management in long-term survivors. Furthermore, many aspects
of the disease require further study, and there is no consensus between national and international guidelines for standard
practice of follow-up of ES patients.” In this context, physicians base their approach on their individual experience and
there are significant differences among various oncology practices. Hence, several aspects of long-term survivors need to
be examined.

Therefore, in this review we discuss both the existing standards and remaining questions in optimal follow-up (FU) of
adult survivors of ES to further improve clinical practice and quality of life (QoL) of the patients. For the purposes of this
article, an ES survivor is an adult patient who has completed a specific treatment with no detectable residual cancer.

Patients affected by specific syndromes, such as Li Fraumeni (mutations in 7P53), Fanconi Anemia Complementation
Group M (FANCM) or deletions of the CDKN24 locus, are excluded from this guide due to the special clinical
characteristics and specific preventive aspects of these disorders.®’

Follow-Up

As discussed above, 40% of curatively treated ES patients will present with a relapse. Most metastases develop in the
lungs and bones. Currently, the objective of follow-up programs is the early detection of relapse to allow, whenever
technically possible and after multidisciplinary evaluation, surgical resection of the lesions, most commonly in the case
of limited lung disease. In this context, the identification of presence of tumour in the hilar and mediastinal lymph nodes,
and invasion of the mediastinum and pleura is of utmost importance.

According to published guidelines, regular follow-up after therapy of primary ES includes computed tomography
(CT) chest (to detect lung metastases in asymptomatic patients) every 3 months for the first two years, and every 6
months for the first 5 years. After the completion of the 5-year surveillance, a CT chest is recommended once or twice
per year up to 10 years after completion of treatment. Long term surveillance beyond 10 years should be performed based
on clinical indications.

Optimal follow-up for local recurrence should include a careful physical examination of the region around the
primary site resection, combined with a CT or magnetic resonance imaging (MRI). However, no consensus has been
reached whether MRI is superior in the follow-up of ES patients and many centres still use CT.? Following a tight follow-
up schedule is of higher importance in patients who are likely to benefit by and tolerate further treatments.

On the other hand, given the risks and potential consequences of late complications, there is a strong need for
appropriate systematic long-term follow-up for ES survivors to optimise clinical outcomes including secondary cancers,
reduced fertility, and wound complications. Unfortunately, most of the current recommendations do not address these
aspects and our comments are not based on prospective evidence, but only supported by retrospective reports.”

Cardiotoxicity

Doxorubicin is known to lead to cardiotoxicity. It is dose-dependent and doses over 450 mg/m? increase significant the
likelihood of toxicity occurrence.® A history of cardiovascular disease such as hypertension, hyperlipidaemia, or
atherosclerosis, diabetes, age (>65 years), gender (female), is associated with increased risk of doxorubicin-associated
cardiotoxicity. Tobacco use, poor nutrition, or physical inactivity appear to also increase the risk of cardiotoxicity. The
exact mechanisms by which doxorubicin-associated cardiotoxicity develops remain elusive. Several mechanisms have
been proposed including decreased antioxidant effects, decreased mitochondrial function, increased lipid peroxidation,
and increased inflammatory response. Recent data showing that doxorubicin significantly upregulates the expression of
death receptors (DRs) (TNFR1, Fas, DR4 and DRS) in cardiomyocytes at both protein and mRNA levels, suggest an

additional mechanism of cardiotoxicity.9
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Although, preventive treatments are being delivered to reduce and prevent cardiotoxicity development no standard
approach has been established.'® Co-administration of dexrazoxane, an iron chelator, that reduces oxidative stress, for
preventing doxorubicin-associated cardiotoxicity is approved by the FDA. It has been shown to prevent left ventricular
dysfunction and heart failure in children with osteosarcoma (OS) receiving doxorubicin, especially in girls. No data is
available specifically for ES patients.'" In adults, in the interim analysis of the ANNOUNCE phase III trial, pre-treatment
with dexrazoxane did not appear to reduce progression-free survival (PFS) in patients with soft-tissue sarcomas (STS)
treated with doxorubicin. Furthermore, Van Tine et al in a Phase II single-arm noninferiority trial testing the upfront use
of dexrazoxane with doxorubicin on PFS and cardiac function in STS showed reported an increase in PFS from
a historical 4.6 to 8.4 months. The 3 patients who were removed from the study due to cardiotoxicity were exposed
on >600 mg/m” doxorubicin. No other patient developed persistent cardiac dysfunction with left ventricular ejection
fraction (LVEF) remaining below 50%.'%13

Regarding ES, the phase II clinical trial (NCT00038142) aimed to determine whether dose intensive vincristine,
doxorubicin, cyclophosphamide and dexrazoxane (VACdxr) with or without ImmTherTM can increase the 2-year
disease-free survival seen with standard VAC therapy for high-risk ES. In this trial, 46 patients were randomized in
a 12 year period and the study closed early with low enrolment.

Currently, patients are defined as having experienced cardiotoxicity during the treatment if they have had a decrease
in LVEF of >10% to <50% or had heart failure (HF)-related hospitalization. Upshaw et al, in a recent longitudinal cohort
study of 362 patients with breast cancer, highlighted the doxorubicin-induced diastolic dysfunction.'*

In a recent prospective evaluation of cardiotoxicity development among patients with sarcoma treated with anthra-
cyclines the incidence of cancer therapeutics-related cardiac dysfunction was as high as 14%."” Interestingly, incidence of
less than 5% was reported in the position paper on cancer treatments and cardiovascular toxicity released by the
European Society of Cardiology (ESC).'®!”

Although asymptomatic cardiotoxicity, cardiomyopathy, and arrhythmias have been identified years and even decades
after the conclusion of chemotherapy, there are no long-term detailed cardiac safety data due to the poor prognosis of ES
patients, so limited information is available, and no special recommendations are available.'®

Currently, LVEF function should be analysed by transthoracic ultrasound (TTE), at least prior to treatment initiation
and after 6 cycles of doxorubicin, with additional interim evaluations for patients at high-risk of cardiotoxicity. All
patients demonstrating a LVEF reduction or with concerns for cardiotoxicity should be referred to a cardiologist.
Treatment with beta-blockers and renin-angiotensin-aldosterone system (RAAS) inhibitors can be suggested if there
are any concerns for chemotherapy-induced cardiotoxicity. To date, anthracycline-associated cardiotoxicity is considered
early-onset of chronic progressive cardiomyopathy that tends to present during, or within 5-10 years following therapy.
The risk is further increased if the heart is in the radiotherapy treatment volume.'”

Furthermore, whole lung irradiation (WLI) that was employed in the management of lung metastases in patients with
ES was found to have a cumulative impact on late cardiac failure in childhood cancer survivors. Currently, cardiac
sparing (CS) whole lung irradiation (WLI) using IMRT has led to an improvement of cardiac impact'®** However, the
evidence for this approach is limited and the results of the Euro-Ewing-Intergroup EE99 study particularly for younger
patients up to the age of 49 are awaited (NCT00020566).

In this context, we propose to follow the 2022 ESC guidelines for sarcoma survivors who received a high total
cumulative anthracycline dose (doxorubicin>450 mg/m?) and to obtain an assessment at 12 months after the end of
treatment with clinical examination, TTE, electrocardiogram and natriuretic peptides (NP) measurements. If it is normal,
new assessment is proposed every five years as well as non-invasive screening for carotid disease.'’

Neurotoxicity Due to Treatment of ES

A number of studies indicate that neurotoxicity can occur following chemotherapy for ES. Ifosfamide is a well-known
agent used in ES treatment that can lead to encephalopathy in up to 30% of patients. While this is often transient and
reversible it may cause persistent neurological dysfunction or death. Malnutrition characterized by low albumin and
simultaneous use of CYP3A4 inhibitors such as aprepitant are identified risk factors.?'*> Preventive treatment with
methylene blue, thiamin, and glucose 5% infusions can reduced the risk of developing ifosfamide-induced
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encephalopathy.®® In a series of 97 patients with malignant solid tumours including ES, self-limiting neurotoxicity was
usually associated with pre-treatment with cisplatin.>* In another study involving 28 patients with sarcomas, neurotoxi-
city was significantly reduced by decreasing the dose of antiemetics and narcotics.

Vincristine can also lead to a form of neuropathic dysmotility, which usually subsides after the treatment is
completed.” This has also been reported to manifest as limb weakness and areflexia.

In general, neurotoxicity induced by chemotherapeutics in adult ES patients is low and resolves either with preventive
measures or by the end of treatment. In this context, no particular follow-up is proposed. For symptomatic patients,
although several therapeutical approaches have been tested (ie physical therapy, acupuncture, anti-inflammatory thera-
pies, pregabalin, cannabinoids, etc), no standard of care has been established.”® Currently, duloxetine is the only drug to
show decrease of chemotherapy-induced peripheral neuropathy.?” Due to the complexity of the problem, these patients
should be followed by pain medicine specialists. Still, further effort is needed to better understand mechanisms in order
to develop drugs that can protect the nervous system and reduce the symptoms.

Neurological Complications in Patients with Ewing Sarcoma Due to

Disease Localization

Disease-induced neurological deficits arise primarily in ES that originates in the spine or the cranium since ES metastatic
to the brain is a rare event and few cases have been reported.”®*’ Boussios et al summarized 69 ES cases with initial
presentation of cord or radicular compression of spinal cord, arising from primary or metastatic ES.>* About 30% of
these patients were paraplegic, while 46% presented with imminent paraplegia and 25% with cauda equina syndrome. On
the other hand, primary or metastatic intracranial ES can present with non-specific symptoms like headache, seizures or
changes in behaviour.’' In one of the most encompassing reviews that included 125 patients with ES with vertebral
origin, 53 had a detailed clinical information. Of these, 91% presented with pain and 40% with neurologic deficits.*
Usually, symptoms subside after surgical removal of the tumour or chemotherapy. In the case of spinal involvement,
decompression can be achieved with chemotherapy while laminectomy is not always necessary.®> There are reports
suggesting that chemotherapy should precede surgical removal even if there are major neurologic symptoms.
Neurological sequelae (32%), spinal curvature deformation (35%), spinal reduction mobility (40%) and spinal pain
(25%) were observed in ES spine survivor patients in a French cohort.**

Chemotherapy-Associated Infertility
Chemotherapy-associated infertility is known to be a major concern for both males and females. The risk of infertility is
well-studied in many standard treatment regimens for breast cancer, but in patients with ES remains uncertain. This is
a serious problem for younger patients who have not considered childbearing, nor can they comprehend the impact of
cancer-directed therapy decisions. Moreover, in females, the intensive chemotherapy regimen employed, which includes
cyclophosphamide and doxorubicin, may not only diminish fertility but lead to amenorrhea and early/premature
menopause via ovarian atrophy, stromal fibrosis and vascular toxicity, with a significant impact on quality of life.
Those patients who have the potential for childbearing and receive an ES diagnosis, should be referred to a team
specialised in fertility and reproduction prior to the initiation of perioperative chemotherapy. In this case, methods to
preserve fertility (eg, oocyte cryopreservation for women and sperm freezing for men) should be considered. This
approach may delay therapy for 1-2 months. In the case of patients with breast cancer, ovarian function suppression with
gonadotropin-releasing hormone agonists which leads to reduction of the vulnerability of maturing ovarian follicles to
cytotoxic chemotherapy is used, but currently no such study has shown a benefit to ES survivors. Consequently, it is not
recommended as a standard fertility preservation technique for patients with ES, although it may be discussed on an
individual basis with patients, especially in those cases wherein other procedures would cause an excessive delay in
initiating the treatment.

For male patients who want to verify their potential fertility, semen sample analysis should be performed, preferably
at minimum 2 and up to 5 years after the conclusion of chemotherapy. Clinicians should be aware also of the probability
of sexual dysfunction (ie, decreased libido), so dosing of total testosterone and LH levels should be proposed in
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symptomatic male survivors. In pre-menopausal women (<50 years), FSH, LH, and 17p-estradiol should be performed if
amenorrhea or significant alterations in menstrual cycles persist for at least 6 months.

Emotional Effects and Psychosocial Wellbeing

In general, emotional effects associated with cancer range from anxiety to frustration, feeling out of control and anger.
On the positive side, patients have frequently reported the ability to change priorities and adopt a new perspective on life.
There are only a limited number of studies focusing on the psychological sequelae of sarcomas and even fewer have
focused on ES.*> Most studies have focused on quality of life (QoL) by measuring of patient-reported outcome (PRO)
using well-known questionnaires such as the SF-36.*

Recently, studies have included the body image questionnaire (MBSRQ) and the Rosenberg Self-Esteem (RSE-scale).
For example, a study including 58 patients who had been treated for ES and 56 healthy individuals as a control group
showed that while patients with ES reported statistically significant lower quality of life and body image, there was no
difference with respect to self-esteem.*® These results confirmed what had already been reported in smaller series of
patients.’”*® A large study that included 618 long-term survivors of ES showed that while the patients reported
somewhat diminished physical activity and were prone to more functional problems, compared to the control group,
their mental health wellbeing appeared at the same level as the controls.*

In a study, in which long-term survivors of paediatric sarcoma had been evaluated, the authors reported that about
12% of them experienced symptoms similar to those of post-traumatic stress disorder.*® Males appeared to be more
severely affected than females. In a separate study in which only a few patients had ES and older patients were included,
the authors stratified them based on age, sex and education. In this cohort, older and primarily retired patients appeared to
lose contact with their social environment, and, in contrast to the previous study, females were more likely to feel
emotionally burdened than male patients. The availability of psychological services, which highly educated patients were
more likely to use, appeared to improve the psychological wellbeing. These highly educated patients had a more positive
attitude than patients that had a low level of education.*' In most studies, the availability of psycho-oncological services
to patients who have been treated for ES appears to be beneficial.

Recently, it has been reported that adult survivors of childhood ES score worse in emotional regulation and task
efficiency, and present with more neurocognitive difficulties compared to their siblings.**

In this context, additional studies investigating emotional stability is survivors and efficacy of strategies such as
comprehensive cancer survivorship counselling for these patients are indicated to determine if they can improve long-
term outcomes.

Nephrotoxicity

Developing treatment-related nephrotoxicity after ES therapy is a possibility especially due to the use of ifosfamide.
Farry et al reported significant long-term renal toxicity in a large cohort study with adult patients treated with ifosfamide
(median age 43.5 years old, up to 53% of 154 5-year survivors with chronic kidney disease (CKD) stage >3). Patient age
and concomitant exposure to carboplatin significantly affected the eGFR (estimated glomerular filtration rate).* In
a recent study with patients >40 years treated in low- and middle-income countries, 6.5% of patients developed renal
toxicity.**

On the other hand, platinum agents including cisplatin and carboplatin may also cause acute and chronic glomerular
and tubular toxicity. Carboplatin-associated nephrotoxicity is usually less severe than cisplatin-associated toxicity. In
a large study 29% of 533 1-year survivors and 33% of 397 5-year survivors treated with cisplatin developed stage 3
CKD.* In contrast to ifosfamide associated CKD, platinum-associated tubular damage leads to magnesuria and
subsequently to chronic hypomagnesaemia and secondary hypocalcaemia. Rarely, kidney dysfunction may be due to
platinum-induced thrombotic microangiopathy.

Recently, Ensergueix et al reported 34 adult patients with ifosfamide-associated nephrotoxicity in a retrospective
multicentre French trial in which 41% had also received cisplatin.*® The most common forms of ifosfamide-associated
nephrotoxicity were proximal tubular dysfunction and acute kidney injury. eGFR decreased progressively in 16 of 34
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patients, 10 patients developed stage 5 CKD, 6 required haemodialysis and 6 died. Notably, kidney biopsy in 3/14
patients suggested mitochondrial dysfunction as a possible mechanism of ifosfamide-associated nephrotoxicity.**

N-acetylcysteine seems to have a renal protective effect in vitro and in vivo in rats exposed to ifosfamide.*” Hanly
et al reported acute renal failure reversibility by intravenous administration of N-acetylcysteine in children.***° However,
no controlled study has yet validated the prophylactic use of N-acetylcysteine in this indication, as well as its
curative use.

Although our knowledge of nephrotoxicity occurrence is increasing, greater understanding of the pathogenesis will
help us how to better prevent it, especially in the adult population. Prospective studies are therefore needed to evaluate
this incidence, but also to determine the risk factors and establish prevention strategies, by using nephroprotective
reagents, as has been described above with N-acetylcysteine. In this context, we propose annual blood-urea nitrogen,
creatinine and electrolyte laboratory test with blood pressure monitoring for cancer survivors.

Challenges

In recent years, there have been increasing efforts to optimize practices and mitigate challenges in providing follow-up
care to survivors of childhood-onset cancers, particularly in the transition between paediatric and adult care.
Neuromuscular dysfunction, increased incidence of cancer or disabling chronic health conditions, and reduced fertility
are well-known observations underlying the need of establishing survivorship clinics.’®>" In general, the risk of chronic
conditions including musculoskeletal and cardiac complications is elevated, and the cumulative incidence of successive
cancer 25 years after ES diagnosis is 15%.°>>> ES survivors, appeared to possess reduced walking efficiency, mobility,
strength and endurance. In patients with osteosarcoma, accumulation of >4 grade 3—4 chronic conditions has been
associated with reduced ability of executive function and attention.>*>* Similar results were observed in a recent study, in
which bone sarcoma survivors reported much higher difficulties with task efficiency and emotional regulation that was
associated with reduced employment attainment.*?

Due to the growing curative and life-extending cancer treatments leading to growing cancer survivor populations,
identification of adequate survivorship care is crucial. In addition to helping preserve quality of life and increase survival
rate by preventing long-term complications, follow-up care may increase survivors’ ability to return to work or resume
important social functions. However, little is known about the long-term impact of our treatments on survivors of adult-
onset cancers including ES. In a recent study describing follow-up care for breast and colorectal cancer survivors in 27
countries from six continents with varying levels of resources, less than half had a national plan addressing survivorship
care.”® Lack of reimbursement for follow-up care was often the reason especially in low-income countries. In contrast,
a recent pilot study indicated that there are substandard levels of adherence to individualized healthcare recommendations
in long-term survivors of childhood cancer. In this context, further studies are needed to evaluate the factors, incentives
and methods that lead to increased survivor adherence to healthcare recommendations. Currently, the scientific focus is
on patients under active treatment and little research has been invested on survivors. More funding and support is
required to establish survivorship clinics that can cover the holistic needs of this population.

Conclusion

These last years it is becoming more and more evident that cancer rehabilitation and survivorship care need to include
different approaches. A better understanding of these needs and behaviours could help identifying specific gaps and
inform follow-up interventions in the future. Unfortunately, evidence in this area for ES survivors remains scarce.
Individualized written survivorship care plans that include treatment information and recommendations for long-term
monitoring may be a solution for now. On the other hand, we acknowledge that setting-up recommendations of meeting
the needs of ES survivors, is not easy since it needs a wide range of different specialties to be considered.

Our review includes only some components that may contribute to the process of establishing a bundle of basic and
robust interventions for ES survivors (Figure 1). However, there is an unmet need to better understand the ES patient’s
requirements and support for living beyond cancer. Further research is required to adequately meet the needs of this
growing group of people.
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Figure | Challenges for survivorship clinics.
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