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Background. Ewing sarcoma family of tumors (ESFT) are rare but deadly cancers of unknown etiology. Few risk factors have
been identified. This study was undertaken to ascertain any possible association between exposure to therapeutic drugs and ESFT.
Methods. This is a retrospective, descriptive study. A query of the FDA Adverse Event Reporting System (FAERS) was conducted
for all reports of ESFT, January 1, 1998, through December 31, 2013. Report narratives were individually reviewed for patient
characteristics, underlying conditions and drug exposures. Results. Over 16 years, 134 ESFT reports were identified, including 25
cases of ESFT following therapeutic drugs and biologics including immunosuppressive agents and hormones. Many cases were
confounded by concomitant medications and other therapies. Conclusions. This study provides a closer look at medication use and
underlying disorders in patients who later developed ESFT. While this study was not designed to demonstrate any clear causative
association between ESFT and prior use of a single product or drug class, many drugs were used to treat immune-related disease
and growth or hormonal disturbances. Further studies may be warranted to better understand possible immune or neuroendocrine
abnormalities or exposure to specific classes of drugs that may predispose to the later development of ESFT.

1. Introduction and Study Objective

Ewing sarcoma family of tumors (ESFT) is a group of small,
round blue cell tumors that arise in the bone or soft tissue.
ESFT include classic Ewing sarcoma (ES) of bone, extraskele-
tal ES, skin tumors of the chest wall, and primitive neuroec-
todermal tumors (PNET) of the bone or soft tissue. About
90% of ESFT cases are characterized by the chromosome
translocation t(11;22)(q24;q12) which involves the EWS/FLI-
1 fusion gene and may share a common neural histogenesis
[1–4]. While ESFT is rare, it is the second most common
primary malignant bone tumor occurring in children and
young adults and accounts for 10–15% of all primary bone
tumors and 3% of all pediatric malignancies. ESFT occurs
with amale predominance and highest incidence rates among
whites with considerably lower rates in Blacks and East Asian

populations. Age of onset is normally in the second decade of
life, with 80% occurring in the first 2 decades of life and 80%
occur in the skeleton [2–5]. Each year up to 400 patients in
the US will be diagnosed with ESFT. The incidence has been
steady over the past few decades [6].

While few risk factors for ESFT have been identified,
the racial difference and specific chromosomal translocation
might suggest a genetic predisposition [1, 7]. However, unlike
other bone cancers (e.g., osteosarcoma) and soft tissue sarco-
mas (e.g., rhabdomyosarcoma) ESFT has not been found to
be associated with any genetic disease or hereditary cancer
syndrome [2, 7, 8]. Epidemiological studies have examined
a wide array of possible risk factors, including childhood
conditions and various parental exposures [9–16]. There is
limited data about drug exposures as possible risk factors for
ESFT. One study reported a possible association with poison
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or overdose ofmedications [11]. Another study byValery et al.
2003 [16] found medication use to be more prevalent in con-
trols than cases. While few if any studies have found an asso-
ciation with medications and ESFT (with exposure to med-
ications), two studies [10, 16] found an inverse association
with asthma, but this has not been confirmed by the other
studies [9, 11, 12, 16]. Despite continuing efforts to identify risk
factors for ESFT, its etiology is still unknown.

The aim of this study was to review all cases of ESFT that
have been reported to FDA from January 1, 1998, through
December 31, 2013, and to assess any possible associationwith
therapeutic products. (FAERS includes therapeutic agents
which include drugs and also biologics.) We also conducted
an extensive literature search of articles that pertained to the
epidemiology of ESFT.

2. Methods

All case reports for drug products that included ESFT from
the FDA Adverse Event Reporting System (FAERS) database
were analyzed. The FAERS database, including foreign and
domestic reports and all age groups, was searched for the
time period, January 1, 1998, through December 31, 2013.The
followingMedicalDictionary for RegulatoryActivities (Med-
DRA) search terms (MedDRA website, http://www.meddra
.org/ see [17]) were used to identify any reports of cases with
ESFT: Ewing’s sarcoma, Ewing’s sarcoma metastatic, Ewing’s
sarcoma recurrent, extraosseous Ewing’s sarcoma, extraoss-
eous Ewing’s sarcoma metastatic, extraosseous Ewing’s sar-
coma nonmetastatic, extraosseous Ewing’s sarcoma recur-
rent, neuroectodermal neoplasm, primitive neuroectodermal
tumour, primitive neuroectodermal tumour metastatic, and
peripheral primitive neuroectodermal tumour of soft tissue.
Cases were stratified by year of occurrence and defined by the
reporter as definite, probable, possible, and unlikely in terms
of the diagnosis of ES and potential association with drug
exposure. Reports of ESFT as a secondary malignancy, as a
primary tumor preceding a secondary malignancy, adverse
events related to chemotherapy, and other treatments for
ESFT and report duplications were excluded. Case reports of
medication use pre-ESFT were analyzed by two independent
reviewers.

Data Source. This study utilized the FAERS database of adv-
erse event (AE) reports. Since 1969, FDA has maintained this
passive surveillance system to detect problems with drugs
and biological products used by humans. Manufacturers are
required by US law to report AEs associated with their pro-
ducts, and AEs may also be spontaneously reported by health
care professionals and consumers. The database contains
reports from the US and non-US countries. Reports that the
reporter thought to be related to the use of a product are revie-
wed, coded, and accumulated into an electronic database.The
adverse events are codified by MedDRA terminology. This
passive surveillance program functions as an early warning
system for the detection of serious AEs not identified during
the premarket testing or clinical trials. A special feature of this
program includes follow-up reports of cases following FDA’s

request for further information. Some of the reports in this
database may also be found in the published literature.

3. Results

3.1. Overall FAERS Reports Summary. Over the 16-year time
period, 134 reports were retrieved with mention of ESFT.
After clinical review of the narrative reports 25 cases were
identifiedwith a history ofmedication use prior to ESFTdiag-
nosis, most with a history of ≥18 months. Age range was 5–68
years of age (median 24 years) (Table 1). Many of our cases
were outside the adolescent age group.

Primary ESFT after Drug Use (𝑛 = 25) (Table 2). A total of 25
out of 134 reports revealed the use of various suspect drug
products with subsequent development of ESFT. Reports
were excluded if ESFT occurred as a secondary malignancy,
drug adverse events occurred with ESFT therapy, or ESFT
occurred as a primary cancer before a secondary cancer occ-
urred that followed drug therapies. The 25 cases of ESFT
ranged in age from 4 to 68 years (median 24 years). There
was no age information for 4 cases. Thirteen were US cases.
Latency to ESFT diagnosis was ≥1 year for 14 cases, <1 year
for 5, and unknown for 4.The reportedmedications included
immunosuppressive drugs or drugs used for immune-related
disorders (e.g., interferon beta-1, peginterferon alpha-2A and
ribavirin, tumor necrosis factor (TNF) blockers, methotrex-
ate, cyclosporine, and azathioprine), isotretinoin, recombi-
nant growth hormone (rGH), and psychotropic medications
including antiepileptics (AEDs), atypical antipsychotics, and
psychostimulants. Many of the incident cases were confoun-
ded by concomitant medications that are labeled for possible
carcinogenicity risk.

Twelve cases were treated with immunosuppressive prod-
ucts for a variety of conditions including 3 Crohn’s, 3 multiple
sclerosis (MS), 1 renal transplant, 1 rheumatoid arthritis
(RA) and 1 each of ankylosing spondylitis, psoriasis vulgaris,
chronic hepatitis C genotype 1b, and nephrotic syndrome.
Use of more than one immunosuppressant drug was men-
tioned in 6 of the 12 reports.

Three cases received growth hormone (GH) and were
diagnosed with ESFT 18 months to 4 years after beginning
therapy. One child was treated with somatropin for microso-
mia due to neurosecretory GH disorder and a second child
was treated for GH deficiency. The third case was a patient
with Crohn’s disease who received immunosuppressants and
GH (this case is included in the 12 immunosuppressant cases
above).

Three cases received other hormonal products, including
parathyroid hormone, combined estrogen/progesterone, and
etonogestrel implant. The one case treated with recombinant
human parathyroid hormone had failed several earlier thera-
pies for osteoporosis.Theone case taking combined estrogen/
medroxyprogesterone was a menopausal woman who was
diagnosed with ESFT 10 months later, and the third case with
the etonogestrel implant was a morbidly obese young woman
(268 pounds, body mass index (BMI) = 42).

Six cases were treated with psychotropic medications,
including 2 with atypical antipsychotics (1 olanzapine for
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Table 1: Summary of FAERS reports of medication use prior to
Ewing Sarcoma Family of Tumor (ESFT) diagnosis, 1997–2013.
Total = 25; 13 US, 12 foreign; 16 females, 9 males. Ages 4–68 years
(median age 24 years;mean 30 years). Known latency for 20 patients:
3 months–12 years (median 27months; mean 3.2 years); 5 unknown.

(a)

Report year Number of cases
1997–1999 1
2000–2004 6
2005–2009 9
2010–2013 9

(b)

Drug use Number
of cases

Patient age
(yrs) Latency

Immunosuppressive∗ 12 5–68 Mean 4.2 years,
median 4 years

Growth hormone (GH) 2∗ 11, 16
4 months after 5
years therapy, 18

months

Estrogen/progestin 2 24, 47 10 months, 2.5
years

CNS depressant 2 34, 42 22 months,
unknown

Atypical antipsychotic 1 17 No information
Antiepileptic 1 8 8 years
Antipsychotic and
AED 1 19 3 months

ADHD 1 8 No information
Isotretinoin 1 20 10 months
Statin for
hyperlipidemia 1 9 >2 years

rPTH∗∗ 1 49 1 year
∗1 Crohn’s patient also received GH.
∗∗rPTH, recombinant parathyroid hormone.

(c)

Underlying conditions

12 Immune-
related

3 Crohn’s disease, 3 multiple
sclerosis, 1 renal transplant, 1
rheumatoid arthritis, 1 nephrotic
syndrome, 1 ankylosing
spondylitis, 1 psoriasis vulgaris,
and 1 chronic hepatitis B

5 Endocrine

2 growth disorders, 1 menopause,
1 osteoporosis, and 1 birth control
(patient morbidly obese but no
underlying condition reported)

3 Neurologic
1 each of narcolepsy, seizure
disorder, and fibromyalgia with
sciatica/neuropathic pain

3 Psychiatric 1 each of unspecified depression,
psychoses, and ADHD

2 Other 1 each of familial
hypercholesterolemia, acne

unspecified condition, 1 olanzapine and antiepileptic drugs
(AED), clonazepam, for depression), 1 attention deficit hyper-
activity disorder (ADHD) drug, methylphenidate, 1 case
taking 3 AEDs (ethosuximide, valproic acid, and clobazam),
1 case treated with sodium oxylate for narcolepsy, and 1 case
treated with another AED, pregabalin, for neuropathic pain.

There were 2 additional cases that received other med-
ications and then developed ESFT, including 1 young adult
treated with isotretinoin for acne and developed ESFT 9
months later and 1 young child treated with atorvastatin for
familial hypercholesterolemia.

4. Discussion

The FAERS is a passive surveillance system that collects data
on adverse events possibly related to drugs and biologics that
are reported to FDA by manufacturers, user facilities, and
voluntary reporters, such as health care professionals and
consumers. Importantly this system may capture rare and
serious events that may not be detected in clinical trials and
other studies and may lead to further understanding of pos-
sible associations of drugs and other risk factors for various
diseases.

While few studies have found any association of exposure
to medications with ESFT, our retrospective review of FAERS
reports identified 25 cases of ES that followeddrug therapy for
various conditions. The majority were immunosuppressive
agents used to treat autoimmune disorders. Most of the other
reported drugs includedhormones andpsychotropicmedica-
tions. We also reviewed the published literature to see if our
findingsmight be consistent with other studies and case repo-
rts.

While various other malignancies have been reported in
association with each of the drugs reported in the FAERS
cases, there have been few literature reports of ESFT with the
use of these medications. Many of the immunosuppressant
drugs and some of the psychotropic and hormonal products
are labeled with warnings of increased risk for malignancy
or have product labeling for carcinogenicity based on animal
studies (Table 3).

While the possible carcinogenic effects would differ for all
these products, it may be important that most of the drugs in
our case seriesmay affect the hypothalamus and pituitary axis
causing growth and neuroendocrine disturbance.

4.1. ESFT Cases following Immunosuppressive Agents. Nine of
the 25 (36%) ESFT cases had been previously treated with
immunosuppressive agents for autoimmune disorders inclu-
dingCrohn’s disease,MS, RA, psoriasis, and ankylosing spon-
dylitis. Three other cases receiving immunosuppressive ther-
apy included 1 each for renal transplant, chronic hepatitis C,
and nephrotic syndrome. Most were older individuals who
had received immunosuppressive products two years ormore
prior to developing ESFT.While many of the case reports did
not provide detailed information about duration of therapy
and dosage, several reports indicated the use of combination
or multimodal therapy with a variety of agents including
cytotoxic drugs (e.g., cyclophosphamide, azathioprine, and
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Table 3: Product labeling information on carcinogenicity for med-
ications reported in FAERS that were used pre-ESFT diagnosis
(Drugs@fda)∗.

Black box warning:
Adalimumab, azathioprine,
cyclosporine, etanercept,
everolimus, infliximab, teriparatide

Warning and precautions:

Recombinant human growth
hormone or somatropin,
methotrexate,
estrogen/medroxyprogesterone

Cancer occurrence in
mice or rat studies

Isotretinoin, olanzapine,
atorvastatin, methylphenidate,
pregabalin, valproic acid

No increase in tumor
growth rates or metastasis
in mouse xenograft
transplant studies

Natalizumab

No carcinogenic risk
detected in long-term
studies:

Clozapine

No carcinogenic risk in
animal studies conducted:

Mesalamine, etonogestrel implant,
xyrem

No information on
carcinogenicity in
labeling:

Ethosuximide

Carcinogenicity testing
not adequately addressed: Clobazam

Carcinogenicity testing
not done:

Interferon beta-1a, clonazepam,
peginterferon alfa-2b

∗ http://www.accessdata.fda.gov/scripts/cder/drugsatfda/.

methotrexate), antibodies and other drug and biologic prod-
ucts for example, interferons, TNF blockers (infliximab, etan-
ercept, and adalimumab), also mesalamine (aminosalicylate,
an anti-inflammatory), and 1 case with glucocorticoids.

While ESFT per se has not been reported in associa-
tion with immunosuppressant drugs, increased exposure to
immunosuppressive agents has been found to be related to
other cancers [21, 22]. In particular patients receiving higher
potency and dosing of therapies for organ transplants have
increased cancer risk of non-Hodgkin’s lymphoma (NHL),
Kaposi’s sarcoma, nonmelanoma skin cancer, and othermali-
gnancies [23, 24]. While the literature highlights the accu-
mulating evidence for elevated cancer risks with some of the
immunosuppressant drugs, further studies are needed especi-
ally for the newer biologic treatments for immune-mediated
inflammatory diseases. It is unclear whether there may be
an elevated risk of extraintestinal solid cancers with the
newer biologic agents including TNF blockers [25]. There
are several limitations in the studies evaluating cancer risk
among patients with exposure to immunosuppressive drugs.
While no increase in risk of malignancies overall or in cancer
subgroups may be found in clinical trials, study patients may
not be a representative sample population and the length
of follow-up might not be sufficiently long for malignancies
to occur [26]. It is not always clear if it is the underly-
ing autoimmune condition, the immunosuppressive therapy

(a specific agent, dosage, or number of therapies) [27], or even
potentially oncogenic viruses that play amajor role in causing
these cancers [28]. Several studies have found consistent
increased cancer risk for patients with various underlying
inflammatory immune diseases, including Crohn’s and RA
[29–32]. While the overall cancer incidence and mortality
risk are similar to the general population in inflammatory
bowel disease, there is an increased cancer risk for Crohn’s
and slightly increased risk for RA and psoriasis [21]. Studies
have been less consistent in showing increased cancer risk
associated with MS [33–35] and ankylosing spondylitis. For
ankylosing spondylitis increased cancer risk seems to be
associated with radiotherapy [36, 37]. Particularly with newer
biologic agents including TNF blockers, further studies are
needed to better determine if there is an increased cancer
risk with the therapies themselves, with the higher doses, and
longer treatments, or whether any increased cancer risk is due
to underlying severe disease.

In our case series, most reports had incomplete informa-
tion with regard to dosage and what additional past therapies
had been given for the underlying diseases. While most cases
had latency periods over a year, 2 of the MS cases had very
short latencies of 3 and 10 months. It seems likely that these
may have been misdiagnoses for what was later identified to
be ESFT. With ESFT, compared to other malignancies, there
is frequently a long period of time after initial symptoms until
a diagnosis is made. Studies have shown the mean time to be
19–37 weeks [38–40]. One of the FAERS cases had a history of
fibrous dysplasia of the clavicle and then later developed ES
at the clavicular site. ES has been reported to mimic fibrous
dysplasia [41–43].

From a regulatory perspective, FDA classifies carcino-
genic risk of drugs and biologics based on their mechanism
of action and hazard identification from in vivo and in vitro
nonclinical assays [43]. In our series of 25 FAERS cases, 8 had
received immunosuppressive productswhich are labeledwith
Box Warnings for carcinogenicity and the other 4 reports
included immunosuppressants interferon beta-1a (2 FAERS
reports), peginterferon alfa-2b (1 FAERS report), and natal-
izumab (1 FAERS report) which are not labeled for carcino-
genicity. Three of these have not undergone carcinogenicity
testing. Despite the clear association between immunosup-
pressant drugs and increased risk of cancer, many products
may fail to predict an increased risk in the preclinical studies
[44]. Identification of cancer risk with postmarketing phar-
macovigilance is crucial. With regard to ESFT, not only is it a
raremalignancy, but unlike other bone cancers such as osteo-
sarcoma, there is no animal model.

We also conducted an extensive literature search for addi-
tional cases of ESFT reported with underlying autoimmune
disorders or immunosuppressive therapy. In addition to the
one renal transplant case in our series which was a case report
by Balakrishnan et al. [18], we found three additional ESFT
cases following renal transplant in the literature, 1 in a 34-
year-old female with vaginal PNET [45], a 15-year-old female
with PNET of uterus 9 years after renal transplant for end
stage renal disease [46], and a case of unknown age with
ESFT of the sacrum following renal transplant [47]. A higher
risk of developing malignancy in transplant recipients has
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been reported [48]. No additional published cases of ESFT
associated with other autoimmune disorders or immunosup-
pressant agents were found.

4.2. ESFT Cases following Hormonal Drugs. There were three
reports of ESFT following GH therapy, including two with
GH deficiency and an additional case with Crohn’s disease
who received both GH and immunosuppressants (included
in the 12 immunosuppressant drug reports above). It remains
unclear if GH is a carcinogen. Studies have conflicting results
regarding any association with GH and cancer. A French
population-based cohort study, The French Safety and App-
ropriateness of Growth Hormone treatments in Europe
(SAGhE), of patients treated with recombinant GH reported
an increased risk of bone cancers (𝑛 = 3 cases observed versus
0.6 expected; SMR 5.00; 95% CI, 1.01–14.63), both osteo-
sarcoma (2 cases, statistically nonsignificant) and Ewing
sarcoma (1 case, statistically significant) [49]. The selected
population for the study included low risk patients who were
treated for conditions of idiopathic isolated GH deficiency,
idiopathic short stature, short stature in children born short
for gestational age, or isolated GH deficiency associated with
a minor craniofacial malformation, such as cleft lip. Patients
in the middle risk category with pediatric syndromes such as
Turner and Noonan syndrome were excluded. The authors
of the study thought the elevated bone cancer risk was bio-
logically plausible as bone cancers occur during rapid bone
growth of puberty that relate to the insulin-like growth factor
1 (IGF-1) system. It is known that GH and IGF-I do have
mitogenic and antiapoptotic activity and that there is a theo-
retical risk that GH treatment may be associated with cancer
[50]. However, interpretation of the study results is limited by
the select patient population, the relatively short-term follow-
up, and lack of information on the administered GH doses.
Other subsequent studies did not demonstrate any increased
cancer risks [51–56]. Currently, while GH does not appear
to increase the risk for new malignancy in children without
known risk factors, an increased risk of a second neoplasm,
mostly intracranial tumors in those with prior radiation, has
been reported in childhood cancer survivors treated with GH
compared with those not treated [51, 55, 57] and this is in
the labeling for GH products. Overall, there remain concerns
about the possibility of delayed posttreatment effects of
heightened GH and IGF-1 on cancer risk. It is unknown if
GH treatmentmay increase the risk of cancer in patients with
short stature. Further ongoing surveillance and longer-term
studies are needed.

ESFT is thought to be of neural origin and while neuro-
genic cancers such as neuroblastoma have been reported after
GH, we could find no additional literature reports of ESFT
following GH. In our ESFT cases one might wonder about
the possible risk factor for cancer: is it the GH or is it related
to the underlying growth disorder itself?

The other therapeutic hormonal drugs prior to ESFT
diagnosis in our series included progestin, combined estro-
gen/progestin, and parathyroid hormone in nonadolescent
females. Our literature review revealed one case report of ES
in a young woman four months following abortion [58]. Her

only reported drug exposure was four years of oral contra-
ceptive (levonorgestrel 0.05mg and ethinylestradiol 0.03mg).
(Pregnancy itself leads to decreased circulatingGH and sligh-
tly increased IGF.)

4.3. Growth andNeuroendocrine Effects of the Drugs Used Pre-
ESFT. It is of interest that 16 of the 25 FAERS reports involved
various drugs that all have an influence or effect on the hypo-
thalamic-pituitary axis. In particular interferons may be
associated growth suppression. Some studies showed that
immunosuppressive agents, such as TNFblockers (e.g., inflix-
imab), can also affect the hypothalamic-pituitary-adrenal
axis [59]. One of the cases treated with a TNF blocker had
also received growth hormone. Many of the psychotropic
drugs cause hyperprolactinemia. Antipsychotic drugs may
be prone to causing hyperprolactinemia [60] and patients
treated with psychostimulants may experience slowing of
growth or growth retardation. Small transient decreases in
serum IGF-1may occur early in the treatment of patients with
methylphenidate.This is less common in females [61]. Seizure
medications, especially valproic acid and ethosuximide, have
been known to be associated with hyperandrogenism, men-
strual disorders, and polycystic ovary syndrome [62]. Isotre-
tinoin has an effect on the pituitary adrenal axis with mild
suppression of pituitary hormones. While long-term studies
are needed, Karadag et al. [63] found that isotretinoin appea-
red to have a negative influence on the GH/IGF-1 axis, with
a significant decrease in IGF-1 and IGFBP3 levels after 3
months of isotretinoin treatment. Also, steroids used to treat
Crohn’s may cause suppression of the HPA axis.

Epilepsy itself [62] has sex-specific effects on hormone
levels and reproductive function. Women with seizures have
hypothalamic disorders, amenorrhea and reproductive/end-
ocrine disorders, and ovarian cysts [64, 65].

4.4. ESFT Cases following Psychotropic Drugs. The other
category of pre-ESFT therapies included psychotropic drugs.
There was only 1 case of each therapy in this category. Cur-
rently, most antipsychotic drugs are not considered to incre-
ase the risk of cancer [66]. One product, clozapine, has a sepa-
rate status given that thismolecule shows antiproliferative eff-
ects implied in agranulocytosis aswell as a potential increased
risk for leukemia [67].

4.5. Literature Review of Studies and Case Reports of ESFT.
Few studies have closely examineddrug exposures in children
who later develop ESFT. Past registry, case-control studies
and case series that collected data onmedication use [9, 10, 12,
16] have not consistently identified any specific drug therapy
as a risk factor for ESFT (see Table 4). Due to the rarity of
ESFT, many studies examining possible risk factors lack the
statistical power to definitely prove or disprove any asso-
ciation with medication exposures, underlying diseases or
genetic disorders. Several studies and literature reports have
found awide array of differentmedical conditions, anomalies,
and even genetic syndromes in patients who developed ESFT
(Table 4).More than one study reported congenital genitouri-
nary and renal anomalies (e.g., cryptorchidism, duplication
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Table 4: ESFT-related studies.

Author/publication
year/age group Number of cases Number of

controls/cohort Findings

Case-control studies

Buckley et al., 1998 [10],
(<21 yrs) 153 153

Inverse association with asthma. Looked at diseases and
treatments, but not specifically medications. Earlier growth spurt
and lower gain in weight and height among males but ES females
no differences between cases and controls during growth spurt
associations between GU anomalies and ES could not be
confirmed.

Hartley et al., 1988 [9],
(<15 yrs)

43 soft tissue &
bone cancers (16

ES)
146

Developmental anomalies in 5 ES children: 1 meningomyelocele; 1
with an absent kidney and ureter. Medications were evaluated first
month of life, 1–5 months, ≥6 months and grouped as antibiotics,
anticonvulsants, corticosteroids, anti-allergic, bronchodilators,
decongestants, cough suppressants and expectorants, and drugs for
GI disorders.

Holly et al., 1992 [11],
(<31 yrs) 43 193

Agricultural exposures, overdose of medications or accidental
ingestion of poisonings

Winn et al., 1992 [12],
(5mos–22 yrs) 208 395

Hernias ∼6 times more than expected, (OR 5.7; 95% Cl, 1.7–19.3)
and also excess of cardiac conditions which however were mostly
functional heart murmurs

Valery et al., 2003 [16],
(most <20 yrs, ∼75%) 106 344

Disorders of the digestive tract, behavioral hyperactivity and
disorder of male organs (hydrocele and cryptorchidism) were also
more frequent in cases but were not statistically significant. Only
hernia excess achieved statistical significance (OR 3.1, 95% CI
1.2–7.6). Inverse association with asthma; deficit of bone disorders
in cases (mostly fractures); also less frequent family history of
stomach and neuroectodermal cancers.

Authors state inverse association with medications: Use of
medication and medical procedures steroids 9 cases, 30 controls 1.2
(0.5–2.9) anti-epileptic 1 case, 4 controls 0.9 (0.1–9.3) antibiotic 95
cases, 324 controls 0.6 (0.3–1.5) vermicide 62 cases, 246 controls
0.5 (0.3–0.8) hormone 6 cases, 51 controls 0.5 (0.2–1.5)

Cohort studies: case series or registries
Pendergrass et al. 1984
[19], (≤18 yrs) 291 n/a No strong association with stature

Cope et al. 2000 [13],
(<46 yrs) 306 n/a

13 inguinal hernias, also 14 bony anomalies, 5 undescended testes, 1
abnormal kidney, 6 duplication of ureters, Zollinger-Ellison
syndrome (which is associated with pituitary tumors)

Narod et al., 1997 [14],
(<15),

396 ES (out of
20,304 cancers)

23 (5.8%
anomalies)

National Registry Britain for Childhood Tumors (NRCT) and the
BC British Registry for anomalies for presence of anomalies note
in this study CNS PNETs were classified with medulloblastomas
not part of ES. 2 cases osteogenic imperfecta. (confirmed previous
associations that McKeen et al. [15] found)

McKeen et al., 1983 [15],
(<46 yrs) 154 (23 cases ES)

Genitourinary, musculoskeletal. 56 development anomalies, 19 GU,
of 99 males, 2 with unilateral cryptorchidism, 2 hypospadias, 5 of
55 females with unilateral ureter duplications, 8 rib anomalies, 7
vertebral defects, 4 with benign bone neoplasms (2 at primary
ESFT site were bone cyst and enchondroma)

Glass and Fraumeni 1970
[20] (<15 yrs)

146 (out of 396
childhood
cancers)

Hospital series, 2 spina bifida (1 with café au lait spots), osteoid
osteoma, bone cysts, cryptorchidism, varicocele, Meckel’s
diverticulum, colonic polyps w/accessory spleen, congenital
pulmonic stenosis, pulmonic valve 4 cusps, 1 mongolism (Down
syndrome), 2 mothers of ES pts had multiple sclerosis;
thyroidectomy for goiters in 2 mothers of ES pts.

Beyaert et al., 2013 [21] Rib anomalies ES with high incidence of cervical ribs. 17.1% (not
confirmed by other studies)
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Table 4: Continued.

Author/publication
year/age group Number of cases Number of

controls/cohort Findings

Pooled analysis and meta-analysis of studies regarding hernias in association with ESFT

Valery et al. 2003 [16] 199 cases 1,451 controls

Association with hernias, umbilical, inguinal, and congenital. The
primary endpoint was development of a tumor from the Ewing’s
sarcoma family. 138 patients with such a tumor and 574 controls
were included in the pooled analysis, and 357 patients with these
tumors and 745 controls were included in the meta-analysis.

of ureters and collecting system, and inguinal hernias) and
musculoskeletal and spinal anomalies (e.g., cervical ribs,
spina bifida, and myelomeningocele) [9, 12–15, 20, 68, 69].
It is of interest that many of these conditions are known to
be associated with growth and neuroendocrine dysfunction.
Our literature review found reports of ESFT in patients with
other genetic syndromes including 4 articles with 5 cases with
Down syndrome [20, 70–72], 1 case with chromosome 18q-
deletion syndrome [73], and 2 cases with osteogenesis imper-
fecta [14]. While these syndromes are not uncommon and it
might be expected that ESFTwould occur, it is of interest that
all these syndromes are known to be associated with short
stature with abnormal pubertal growth and GH deficiency
or pituitary dysfunction. Unlike osteosarcoma there has been
no consistent association with tall stature or pubertal bone
growth in patients with ESFT [10, 16, 19, 74]. Perhaps it is the
hormonal changes and interference with growth aspects of
puberty that are awry in the development of ESFT.

While our FAERS reports were submitted to FDA in asso-
ciation with drug use, the reported therapies were used to
treat autoimmune disorders and childhood conditions that,
especially if severe, might lead to growth and/or endocrine
disturbance. Crohn’s disease, renal failure (especially posttra-
nsplant), psychoses, and epilepsy [62, 64] may all cause or
be associated with hyperprolactinemia, growth disturbance,
and/or pituitary dysfunction during childhood and adoles-
cence. Thus, these cases might also support that there is an
underlying endocrine disturbance in patients with ESFT.
Also, the various inflammatory conditions that were treated
with immunosuppressants in our FAERS case series may
also affect bone health (e.g., RA, Crohn’s, and MS) and
alter pubertal development. Mood disorders such as anxiety,
bipolar disorder, insomnia, and fibromyalgia also involve the
HPA axis and GH deficiency is associated with high choles-
terolemia, osteoporosis, and short stature.

4.6. Limitations. The observation of a small number of cases
of an uncommon cancer occurring in associationwith certain
exposures does not provide evidence of any causal link. This
study using the FDA database has several limitations includ-
ing reporting biases for cases from manufacturers as well as
health care professionals and consumers. FAERS cases may
be reported to FDA from postmarket surveillance studies
with incomplete enrollment and reporting is dependent upon
physician investigator compliance with submitting forms
consistently and accurately, and whether the reported disease
is related or unrelated to the therapy is subjective. Submitted

reports may lack important information on the underlying
disease, comorbid conditions, and prior therapies. These
reports do not provide histopathologic confirmation of the
cancer diagnosis. Another limitation of this study is that it
is a retrospective analysis. However, epidemiological studies
on patient populations also have limited value because of
the long latency period for most cancers and because most
studies lack sensitivity. Most studies approach bone cancers
as a group without breakdown into subtypes of osteosarcoma
and ESFT which are thought to have very different etiologies.
Nonetheless, FAERS is the largest postmarketing drug safety
database in the world maintained by a single country, con-
tainingmore than 9million reports of “drug-related” (but not
necessarily causal) adverse event reports since 1969. Because
of its potential comprehensiveness in capturing rare drug-
associated adverse events from all over the world, the FAERS
data may be useful in generating hypotheses relating to
possible causes of a specific rare cancer, which later if warra-
nted may be tested in formal and more rigorous epidemiolo-
gical studies.

5. Conclusions

ESFT is known for its striking unimodal incident peak during
puberty and few risk factors have been identified as to its eti-
ology. In this present studywe foundESFT cases following the
use of immunosuppressant agents as well as hormonal med-
ications. These medications as well as the reported under-
lying immune disorders and neuroendocrine conditions are
associated with abnormal growth and hormonal disturbance.
These findings may provide insight as to why this cancer has
a peak incidence during adolescence. Perhaps the neuroen-
docrine abnormalities might even be linked to a common
gene. Formal epidemiological or clinical studies should be
conducted to further evaluate any possible role of neuroen-
docrine disturbances with these underlying conditions and
drugs in the development of ESFT.
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