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A B S T R A C T

Ewing Sarcoma is a highly lethal undifferentiated tumor of bone. ES is a small round cell tumor with etiological
and characteristic chromosomal translocations between TET/FET (TLS/FUS, EWSR1, and TAF15) and ETS (E26
transformation-specific) family genes. Generally, therapeutic approach for metastatic Ewing Sarcoma includes
both local (surgery and radiotherapy) and systemic (chemotherapy) disease control with an overall cure rate of
20%. For extra-osseous tumors, the most common primary sites of disease are trunk, extremities, head and neck,
retroperitoneum. Among other sites, Ewing Sarcoma/PNET may also rarely arise in colon and rectum. Even if
colonic Ewing Sarcoma/PNET have been previously reported in 5 cases, none of those reports came from right
side of the colon. In this article, we report the first case of right-sided Ewing Sarcoma with synchronous liver
metastases completely responding to first line chemotherapy. Furthermore, we provide a systematic qualitative
review of the current literature on adult colorectal Ewing Sarcoma using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA).

1. Introduction

Ewing Sarcoma (ES), was described by James Ewing in 1921 as an
highly lethal undifferentiated tumor of bone [1]. Actually, ES family
includes Ewing Sarcoma, neuroectodermal tumors (PNET), and small-
cell thoracopulmonary neoplasm (Askin tumors). This group comprise

tumors that show varying degrees of neural differentiation but common
cytogenetic and molecular features. The majority of ES are diagnosed in
the second decade of life, while 20–30% are in the first decade. Oc-
currences are rare in individuals over 30 years and under the age of 5
years [2]. ES is a round small cell tumor with etiological and char-
acteristic chromosomal translocations between TET/FET (TLS/FUS,
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EWSR1, and TAF15) and ETS (E26 transformation-specific) family
genes [3,4]. Generally, ES primary site is bone, but it can also occur in
other tissues including pancreas, liver, adrenal gland, esophagus, and
uterus [5]. ES/PNET is extremely rare in colon and rectum and al-
though it has been previously reported in this location in only 5 cases
[6–10], none of them came from right side of the colon. In this article,
we report the first case of right-sided ES with synchronous liver me-
tastases completely responding to first line chemotherapy. Further-
more, we provide a systematic qualitative review of the current lit-
erature on adult colorectal ES using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA).

2. Methods

Patient’s medical history including comorbidities, concomitant
medications, ES diagnosis and treatment were taken from clinical re-
cords. Written informed consent for the case publication was obtained
from the patient. The Ethics Committee approved all procedures. A
systematic review of the literature was performed in compliance with
the PRISMA guidelines. Screening was performed by reviewing article
titles or full text up to February 2018 using electronic the database
MEDLINE. The primary search terms included “Ewing Sarcoma”,
“colon” and “rectum” in the article titles. The extracted citations were
then screened for duplicates. Later operator “and” was applied on the
extracted records by use of the abovementioned terms to narrow the
scope of the review. Sixty articles met eligibility criteria for our quali-
tative systematic review, 2 were excluded as duplicates and 47 because
not relevant. Finally, 11 papers were included in the qualitative

analysis (Fig. 1) [11].

3. Case report

On April 2016 a 31 years old men presented to Legnago’s Hospital
“Mater Salutis” for pre-syncopal episode. The patient referred neither
cancer familiar history nor comorbidities. He only suffered for fatigue
during last 2 months. The clinical evaluation evidenced pale skin and
mucosae with heart rate of 110 bpm and blood pressure 110/70mmHg.
Electrocardiography and neurological examination showed no cardiac
abnormalities or central nervous system disease. Blood test were within
normal range except for anemia (Haemoglobin= 8.0 g/dl, Mean
Corpuscolar Volume=72 fl, Hematocrit= 27.1%). Patient had no
acute bleeding episodes. The following colonoscopy showed a large,
ulcerative lesion in the right colon that was easily bleeding in contact
with the endoscope. Biopsy of the lesion was performed and histological
examination showed morphological features of undifferentiated tumor.
(immunohistochemistry: CD45, 20, 3, 5, 117 negative, MNF116 nega-
tive, synaptophysin negative, CD99 positive, Ki67 10%). Contrast
Enhanced Computed Tomography (CT Scan) confirmed the right sided
colon lesion and evidenced liver metastasis (1.1 x 1.3 cm) in the IIIrd
segment (Fig. 2). Tumor markers were performed and both CEA and
CA19.9 were within normal values. After multidisciplinary evaluation a
video laparoscopic right emicolectomy plus lymphoadenectomy asso-
ciated with hepatic nodule resection were performed. Grossly, 4 cm
(longitudinal) x 3 cm (transversal) tumor, involving the serous super-
ficial face (pT4) was found. Histologically, the neoplasm consisted of
small, round blue cells with a solid pattern associated with pseudo-

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) protocol used for the systematic review.
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rosettes. Mitoses were 2–3×10 HPF. Tumor cells showed positive
immunoreactivity for Vimentin and CD99. Results were negative for
anti-myogenin, CD34, CD45LC, CDX-2, Cytocheratin 20, Desmin, EMA,
Chromogranin A, HMB 45, Melan-A, Myeloperoxidase, MNF116, Sy-
naptofisin, TTF1, and WT-1 (Fig. 3). The morphological and im-
munohistochemical characteristics were suggestive for Ewing Sarcoma/
PNET. No one of the 24 resected lymph nodes was involved by carci-
noma. The diagnosis was similar for the hepatic nodule. FISH analysis
indicated the presence of EWSR1 gene rearrangement and confirmed
the ES diagnosis. After surgical treatment, a restaging of the disease was
needed in order to decide the following program. PET/CT scan revealed
3 new liver metastases with maximum diameter of 2 cm: 2 lesions in the
left lobe and one between VII° e VIII° segment (Standard Uptake Value
7, 5.5 and 6.7, respectively). In June 2016, a first line chemotherapy
was started using the VAC regimen (vincristine 2mg/m2 i.v., doxor-
ubicin 75mg/m2 i.v., cyclophosphamide 1200mg/m2 i.v.) day 1 every
21 days, alternating with IE schedule (ifosfamide 1800mg/m2 i.v. +
mesna i.v. + etoposide 100mg/m2 e.v.) day1 -5 every 21 days. Pa-
tient’s Eastern Cooperative Oncology Group (ECOG) Performance

Status (PS) was 0. After the first cycle, grade 3 febrile neutropenia
occurred. Therefore, the patient was recovered in the Oncology Divi-
sion and he received daily granulocyte colony stimulating growth fac-
tors (GC-CSF) and antibiotics with quick normalization of the clinical
conditions and blood test. Treatment was continued with same schedule
by reducing the dose of 25% without haematological toxicities. Only
grade 2 nausea and grade 1 vomiting were observed. Response eva-
luation with total body CT scan was performed after 3 cycles of che-
motherapy evidencing a complete response on the liver metastases
(Fig. 4). No other metastatic sites were showed and patient’s ECOG PS
was 0. Chemotherapy was continued up to six cycles and the final PET/
CT scan confirmed a metabolic and radiological complete response in
March 2017. Three-monthly clinical and instrumental follow up pro-
gram was started with no evidence of disease progression up to Feb-
ruary 2018.

4. Discussion

ES/PNET is a rare tumor. The incidence for all ages is one case per 1
million people in the Western Countries. The median age of patients

Fig. 2. Baseline CT Scan evidencing single liver metastasis in the IIIrd segment
(red arrow) (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.).

Fig. 3. The tumour showed solid pattern with occasionally dilatated spaces (A; 20x). The immunoistochemistry revelead a strong expression for CD99 (B; 20X) and
vimentin (C; 20X) in the small round neoplastic cells (D; 200X).

Fig. 4. CT Scan after 3 cycles of chemotherapy evidencing complete response
on liver metastasis.
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with ES is 15 years, and more than 50% of patients are adolescents
[12]. Generally, ES primary site is bone with a major incidence in lower
extremities (41%), pelvis (26%), and chest wall (16%) [13]. For extra-
osseous tumors, the most common primary sites of disease are trunk
(32%), extremities (26%), head and neck (18%), retroperitoneum
(16%) and other sites (9%) [14]. In a pooled analysis of two pediatric
clinical trials, patients with extra-skeletal primary tumors were more
likely to have an axial primary site, less likely to have large primary
tumors and had a statistically significant better prognosis than patients
with skeletal primary tumors [15]. Infants and younger patients have a
better prognosis than patients aged 15 years and older [16]. Metastatic
disease from the beginning has a worse prognosis than non-metastatic
disease. Among metastatic sites, lung and bone are the most common
localizations and pulmonary disease has a better outcome than other
sites [17]. The case reported in this article represents the sixth adult
colorectal ES/PNET published so far. In particular, it’s the first located
in the right colon (Table1). Colorectal ES seems to occur in older pa-
tients. In fact the median age according to the current literature is 32,5
years (range 17–59) (Table1). Notably, older age appears as an adverse
prognostic factor for all the localizations of ES. Interestingly, the cases
reported of colonic ES/PNET show worse prognosis in patients older
than 50 years (Table 1). The clinical presentation of the disease in our
case, the diagnostic procedures and the following surgical approach
were typical of a classic colon cancer. In fact, the previous history of
fatigue related to anemia hid an underlying bleeding in the right side of
the colon. At the time of disease staging, CT scan detected a single liver
lesion. Therefore, surgical resection of the primary, bleeding, sympto-
matic, colon tumor and liver lesion was performed. Surprisingly, the
morphological and immunohistochemistry analyses with positive im-
mune-reactivity for Vimentin, CD99 and moderate staining for KI67 and
S100 were suggestive for an undifferentiated neoplasm of the "blue cell
tumor" type, and in particular for an ES/PNET. Then FISH analysis in-
dicated the presence of EWSR1 gene rearrangement and confirmed the
diagnosis. The corresponding chromosomal translocation is identified
in about 85% of patients. In 5–10% of cases EWS is fused with other
members of the ETS gene family [18]. As reported in the current lit-
erature, 25% of cases have distant metastases at the time of diagnosis.
The median time from first symptom to diagnosis of ES is often long,
with a median interval reported from 2 to 5 months. Longer times are
associated with older age and pelvic primary sites but not related with
metastasis, surgical outcome, or survival [19,20]. Current therapeutic
options for metastatic ES/PNET include: surgery, radiotherapy and
chemotherapy. Standard chemotherapy for patients with metastatic ES

is based on the alternating administration of VAC and IE regimens every
21 days. Combining chemotherapy with adequate local-control applied
to both primary and metastatic sites often results in complete or partial
responses; however, the overall cure rate is 20% [21–23]. The rarity of
colorectal ES/PNET does not allow to standardize the optimal ther-
apeutic approach. Therefore, algorithm should be decided case by case
according the stage of the disease, patients’ condition, disease locali-
zation and treatment aims. In our case the primary tumor bleeding, led
the patient to anemia and pre-syncopal episode, and surgery was
needed. Liver metastasectomy was also indicated because the lesion
was single and technically resectable. Unfortunately, the post-surgical
restaging showed three liver metastases detected by PET/CT scan. De-
spite the quick relapse after surgery, the patient showed a complete
response to standard first line chemotherapy, even complicated by
febrile neutropenia. Chemotherapy for ES treatment is very intensive
and highly toxic. Adverse events should be early detected and appro-
priately managed in order to avoid treatment discontinuations. Litera-
ture for colonic ES is poor but the previously reported cases show that
chemotherapy, when combined with local disease control may have a
very positive impact on patients’ survival.

5. Conclusion

Colonic ES/PNET is a very rare neoplasm that should be carefully
identified and diagnosed in order to choose the best therapeutic ap-
proach. Therefore, a multidisciplinary evaluation is highly re-
commended since the beginning to maximize patients benefit and
outcomes. The case described in this article represents the first report of
right sided colonic ES. The surgical management both of the primary
tumor and the synchronous liver metastasis and the following first line
chemotherapy led to a complete and durable response. However further
investigation on larger series of visceral ES/PNET should be required in
order to better understand the molecular pathway and identify poten-
tial therapeutic targets.
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Table 1
Summary of colorectal ES /PNET cases reported in literature.

Tumor site Age Metastasis at diagnosis Treatment Relapse Treatment Survival

Kuwabara et al [6] Descending 59 peritoneum surgery retroperitoneum Surgery 7 m• OSα

Tokudome et al [7] Transverse 24 No surgery No No 20m DFS+

Drutt et al [8] Rectum 17 No surgery-cht*,a No No 12m DFS
Rectum 34 Liver surgery+ chtb+stem cells+ chtc No no 84m PFS°

Vardy et al [10] Rectum 53 No surgery+ rt+ +chtd Lung-brain cht1 24m OS
Parcesepe et al ascending 31 liver surgery+ chte no no 20m PFS

* cht = chemotherapy.
a not reported.
b IVAD (ifosfamide 5000 mg/m2 intravenous over 3 days, vincristine 2 mg intravenous day 1, and doxorubicin 20 mg/m2 intravenous days 1–3, with mesna

support, granisetron and dexamethasone) for five cycles every 3 weeks.
c stem cells+cht (peripheral blood stem cell supported high-dose chemotherapy with carboplatin at a dose calculated to give an area under the curve (AUC) of 15

intravenous, etoposide 100 mg/m2 intravenous twice daily ×4 and melphalan 140 mg/m2 intravenous).
d 25 fractions of radiotherapy to the pelvis and four cycles of adjuvant chemotherapy with cyclophosphamide, vincristine, and doxorubicin.
e VAC (vincristine 2 mg/m2 i.v., doxorubicin 75 mg/m2 i.v., cyclophosphamide 1200 mg/m2 i.v.) day1 every 21days, alternating with IE (ifosfamide 1800 mg/mq

i.v. + mesna i.v. + etoposide 100 mg/mq e.v.) day1 -5 every 21 days.
+ DFS = Disease Free Survival.
° PFS = Progression Free Survival.
• m = months.
α OS = Overall Survival.
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