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Abstract. Esophageal squamous cell carcinoma (ESCC) is one 
of the most common malignant tumors, and has high incidence 
and mortality rates, worldwide. Myelodysplastic syndrome 
(MDS), a disorder of hematopoietic stem or progenitor cells, 
results in marrow failure, which increases the risk of acute 
myeloid leukemia (AML). Few studies had reported patients 
who have suffered from both ESCC and MDS/AML simul‑
taneously. To identify possible potential associations between 
ESCC and MDS/AML, the present case report describes 
a patient with both types of these tumors at the same time. 
Following endoscopic biopsy, the patient was revealed to have 
moderately differentiated SCC. MDS with excess blasts was 
subsequently diagnosed following bone marrow aspiration. 
The results of next‑generation sequencing revealed that TP53 
and ROS1 were both found in ESCC and MDS/AML tumors. 
The patient refused therapeutic intervention and died within 
20 days. The current report demonstrated that hematologic 
malignancies presenting alongside solid tumors should be 
considered clinically. In addition, the report indicated that 
bone marrow puncture should be performed in patients with 
solid tumors and abnormal blood test results. Next‑generation 
sequencing may be a useful technique for the investigation of 
patients with two or more neoplasms. However, more research 
regarding the co‑existence of solid tumors with hematological 
malignancy are required.

Introduction

Due to its aggressive nature and poor survival rates, esophageal 
cancer is the 6th leading cause of cancer‑associated deaths 
and is the 8th most common cancer worldwide, according to 
GLOBOCAN 2008 (1). In Chinese men, esophageal cancer 
was the 5th most common cancer and the 4th leading cause of 
cancer‑associated deaths in 2013 (2). Esophageal squamous cell 
carcinoma (ESCC) accounts for 88% of esophageal cancers (3). 
Myelodysplastic syndrome (MDS) is a disorder that is found in 
hematopoietic stem or progenitor cells, which is characterized by 
abnormal differentiation, dysplasia and peripheral blood cytope‑
nias (4). Approximately 30% of patients with MDS subsequently 
develop acute myeloid leukemia (AML) (5). However, the under‑
lying molecular mechanism of this process is unknown (5). MDS 
occurs more frequently in older patients (≥60 years of age) and 
individuals who have been exposed to prior chemotherapy or 
radiation therapy, and has an overall survival (OS) time ranging 
from several months to 10 years (6). The prevalence of multiple 
primary malignant neoplasms (MPMN) has been demonstrated 
to range from 0.73 to 11.7% worldwide (7). The majority of 
synchronous malignancies are solid tumors; however, cases 
of primary MDS/AML occurring alongside solid tumors 
have rarely been reported. The current case report describes a 
patient with ESCC and MDS that rapidly progressed to AML. 
Next‑generation gene sequencing was also performed to eluci‑
date the associations between these types of cancer.

Case report

Clinical experiments. Bone marrow smear and cytochemical 
staining analysis were performed according to routine 
protocols by the clinical laboratory of the Department of 
Hematology of The Third Affiliated Hospital of Sun Yat‑sen 
University (Guangzhou, China). The Wright‑Giemsa stain was 
applied onto the whole smear for 10 sec at room temperature, 
then the same amount (0.5‑0.8 ml) of phosphoric acid buffer 
was added and mixed with the dye solution at room tempera‑
ture for 25 min. Subsequently, the smear was washed with 
distilled water and the slides were air‑dried.
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Histopathology and hematoxylin and eosin (HE) staining 
analysis were performed by the Department of Pathology 
of The Third Affiliated Hospital of Sun Yat‑sen University. 
HE staining was performed according to routine protocols. 
Briefly, after deparaffinization and rehydration, 5‑µm‑thick 
sections were stained with hematoxylin solution for 5 min at 
room temperature, followed by 5 washes in 1% acid ethanol 
and then rinsed in distilled water. Subsequently, the sections 
were stained with eosin solution for 3 min at room tempera‑
ture, followed by dehydration in a graded alcohol series and 
clearing in xylene. The mounted slides were then examined 
and photographed using a light microscope (Olympus BX43; 
Olympus Corporation; magnification, x100).

Flow cytometry and next‑generation sequencing were 
performed by Kind Med Diagnostics Group Co., Ltd.

Results 

A 51‑year‑old male patient had dysphagia, particularly with 
coarse food, for 10 days without the symptoms subsiding. 
After visiting a local hospital (Heyuan Peoples Hospital; 
Heyuan, Guangdong, China), the patient was diagnosed with 
ESCC after receiving biopsy using gastroscopy. He was 
subsequently admitted to The Third Affiliated Hospital of Sun 
Yat‑Sen University (Guangdong, China) for further evaluation 
and treatment on 27th November 2018. He had no history 
of previous malignancies, exposure to ionizing radiation or 
chemotherapy. He also had no family history of cancer. He 
was a frequent smoker (>30 cigarettes per day) and consumed 
150 ml alcohol per day for ~30 years. Enhanced computer 
tomography scans of the chest and upper abdomen indicated 
an esophageal neoplasm with multiple swollen lymph nodes 
within the mediastinum, and an unascertained nodule in the 
superior lobe of the left lung (Fig. 1A and B). The results of 
the endoscopy revealed a large semi‑circular mass, covered 
with white moss in the lower esophagus (Fig. 1C). Following 
endoscopic biopsy, the mass was determined to be moderately 
differentiated squamous cell carcinoma (Fig. 1F). According 
to the 8th edition of the American Joint Committee on Cancer/
Union for International Cancer Control TNM staging system, 
the clinical stage of the patient was cT3N2M0, stage IVA (8). 
Routine blood analysis revealed elevated white blood cells 
(8.99x109/1), and hemoglobin (90 g/l) and platelet (25x109//1) 
counts. MDS with excess blasts was diagnosed according to 
the 2016 World Health Organization classification after bone 
marrow aspiration (9). The bone marrow smear revealed 
pathological hematopoiesis and 10.5% primordial immature 
granulocytes (Fig. 1D). Flow cytometry analysis of the bone 
marrow revealed 10% medullary primitive cells with abnormal 
immunophenotype, exhibiting CD34+, CD117+, CD33+, human 
leukocyte antigen‑DR phenotype+, CD14‑, CD64‑, CD56‑, 
CD19‑, CD7+ (few), CD5‑ and CD2‑ (Fig. 2). Cytogenetics 
analysis revealed that the patient exhibited a complex karyo‑
type, with 44‑48, xy, ‑4, 5, +6, del(7)(q21), del(9)(q21;q32), 
del(11)(q14), +12, +12, del (12)(p10), ‑15, +22, +mar, 1‑5dmin 
(9)46,xy(1), with one of these chromosome karyotypes shown 
in Fig. 3. After 10 days, the bone marrow smear demonstrated 
25% primitive cell transformation to AML (Fig. 1E). The 
next‑generation sequencing result revealed genetic muta‑
tions in TP53, ALK receptor tyrosine kinase (ALK), ROS 

proto‑oncogene 1, receptor tyrosine kinase (ROS1), AT‑rich 
interaction domain 1A (ARID1A), platelet‑derived growth 
factor receptor β (PDGFRB), cyclin‑dependent kinase 
inhibitor 2A (CDKN2A) and neurofibromin 1 (NF1) in the 
ESCC samples, while mutations in TP53 and ROS1 were 
found in the bone marrow fluid (10). In ESCC samples, 
there were three point mutations of TP53, and the mutation 
frequencies were 6% for TP53:NM_000546.5:c.764dupT(p.
T256fs) exon 7, 4.5% for TP53:NM_000546.5:c.711G>A(p.
M237I) exon 7 and 14.1% for TP53:NM_000546.5:c.580C>T 
(p.L194F) exon 6. In the bone marrow fluid, there were two 
mutations of TP53, and the mutation frequencies were 37.3% 
for TP53:NM_000546.5:c.764dupT(p.T256fs) exon 7 and 
55.6% for TP53:NM_000546.5:c.711G>A(p.M237I) exon 7. 
The mutation frequency of ROS1:NM_002944.2:c.5842C>T 
(p.R1948C) exon 36 was 41.4% in ESCC samples and 45.2% in 
the bone marrow fluid (10). Due to the poor financial position 
of the patient, therapeutic intervention was refused and the 
patient died within 20 days.

Discussion

The etiology of ESCC is multi‑factorial. It has been found that 
tobacco, alcohol, poverty, betel quid, pickled vegetables, hot 
foods, X‑rays, γ‑radiation and achalasia increase the risk of 
developing ESCC (11). Genetic variants, such as frameshift or 
missense mutations, in TP53, RB transcriptional corepressor 
1, CDKN2A, phosphatidylinositol‑4,5‑bisphosphate 3‑kinase, 
catalytic subunit α, notch receptor 1, nuclear factor, erythroid 
2 like 2, family with sequence similarity 135 member B, 
lysine methyltransferase 2A (KMT2A), ASH1 like histone 
lysine methyltransferase, KMT2C, SET domain containing 
1B, histone lysine methyltransferase, CREB‑binding protein 
and E1A binding protein p300, may serve important roles in 
the development of ESCC (12). The etiology and pathogenesis 
of MDS/AML has not been elucidated, as the primary cause 
of MDS is only established in 15% of cases (13). Benzene 
exposure is one of the few well‑known risk factors for myeloid 
malignancy (14). However, exposure to soot, creosote, inks, 
dyes, tanning solutions and coal dust may also serve a role 
in the etiology of myeloid malignancy (14). Du et al (15), 
found that MDS was significantly associated with smoking, 
but not with alcohol consumption. The patient in that study, 
was a frequent tobacco and alcohol consumer, exhibited 
various well‑known cancer‑associated genetic mutations and 
suffered from ESCC. Multiple primary malignant neoplasms 
(MPMNs) are rare malignant neoplasms that simultaneously 
or successively occur in one patient, as two or more primary 
malignancies (16). In general, MPMNs are more common 
as two solid tumors or as two hematological malignancies. 
Cases of MPMN that involve solid tumors and hematological 
malignancies are; however, rare (16). To the best of our 
knowledge, only one previous report has described a patient 
with AML with ESCC (17). Li et al (16), reported a case of 
colorectal cancer and multiple myeloma (MM) with chest 
wall involvement. In that case, MM was confirmed following 
two cycles of chemotherapy for colorectal cancer. The 
authors were therefore unable to conclude whether the two 
malignancies were associated. However, in the present case, 
ESSC and MDS/AML were confirmed almost at the same 
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time. Unexplained thrombocytopenia required the patient in 
the present case report to undergo a bone marrow aspiration, 
which was important for the diagnosis of MDS/AML.

A karyotype with >4 aberrations, including transloca‑
tions, inversions and copy number insertions or deletions, 
was found to be a significant adverse‑risk abnormality in 

Figure 2. Flow cytometry assay revealed primordial immature granulocytes in the bone marrow of the patient. (A) CD45+ cells. (B) CD34+ cells. (C‑a) CD117+ 

CD34+, (C‑b) CD33+ CD34+, (C‑c) CD13+ CD15+, (C‑d) human leukocyte antigen‑DR phenotype+ CD33+ and (C‑e) CD7+ CD3‑ cells. (D‑a) CD2‑ CD3‑, 
(D‑b) CD14‑ CD64‑, (D‑c) CD56‑ CD3‑, (D‑d) CD19‑ CD5‑ and (D‑e) CD5‑ CD3‑ cells. 

Figure 1. Clinical examinations of the patient. (A) Contrast‑enhanced CT of the chest revealed lower esophageal strengthened mass. (B) Contrast CT of the 
chest revealed mediastinal enlargement of the lymph nodes. (C) Endoscopy showed a semi‑circular giant mass covered with white moss. (D) Bone marrow 
smear revealed pathological hematopoiesis and 10.5% primordial immature granulocytes (magnification, x1,000). (E) Bone marrow smear showed medullary 
primitive cells up to 25% after 10 days. (F) Biopsy of the esophageal using endoscopy showed moderately differentiated esophageal squamous cell carcinoma, 
using hematoxylin and eosin stain (magnification, x100). CT, computer tomography. 
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AML (18). The complex karyotype of the patient in the 
present case study containing >4 aberrations suggested a poor 
prognosis. Next‑generation sequencing revealed that several 
gene variants existed in the bone marrow and ESCC of the 
patient. ARID1A, as a novel tumor suppressor, is essential 
for maintaining the frequency and function of hematopoietic 
stem cells, and was found to be associated with gynecological, 
liver, gastric and breast cancer, as well as leukemia (19). 
While NF1 mutations, including missense, frameshift and 
nonsense mutations, in patients with AML were indicative of 
an poor prognosis (20), they are also found in patients with 
ESCC (21). The PDGFRB gene, is located on chromosome 
5q31‑33 (22). Patients with lymphocytic leukemia and AML 
with PDGFRB fusions could be treated with tyrosine kinase 
inhibitors (23,24). PDGFRB regulates the mRNA expression 
of transforming growth factor‑α and serves a central role in 
esophageal carcinoma tumor invasion and metastasis (25). 
The next‑generation sequencing results, from the patient 
in the present study, revealed that the genetic mutations in 
TP53 and ROS1 were found in both ESCC and MDS/AML. 
The ROS1 mutation frequency was 45.2% in MDS/AML and 
41.4% in ESCC (10). The ROS1 gene belongs to the sevenless 
subfamily of tyrosine kinase insulin receptor genes (26). ROS1 
protein expression in adult humans is highest in the kidney; 
however, it is also found in the cerebellum, peripheral neural 
tissue, stomach, small intestine, and colon, with lower expres‑
sion levels in parathyroid, larynx, adrenal gland and skeletal 
muscle tissues (27). However, to the best of our knowledge, 
this is the first time that ROS1 was detected in ESCC in the 
patient, in the present case report. The ROS1 gene often forms 
fusion gene with other genes, such as ALK (26). The signaling 
pathways, such as Ras/Raf/MEK/ERK1/2 and JAK/STAT, 

activated by ROS1 fusions appear to primarily involve common 
growth and survival pathways (26,28). The Food and Drug 
Administration approval of tyrosine kinase inhibitors for the 
treatment of ALK‑ and ROS1‑rearranged non‑small cell lung 
cancer led to the understanding that receptor tyrosine kinase 
fusions could be targets for the treatment of oncogenic driver 
alterations in a diverse group of solid malignancies, such as 
gastric cancer (29). However, the function of ROS1 mutations 
in ESCC of the present patient requires further investigation. 
The TP53 point mutations frequency was much lower in ESCC 
[6% for NM_000546.5:c.764dupT(p.T256fs) exon 7 and 4.5% 
for NM_000546.5:c.711G>A(p.M237I) exon 7] compared with 
that in MDS/AML [37.3% for NM_000546.5:c.764dupT(p.
T256fs) exon 7 and 55.6% for NM_000546.5:c.711G>A(p.
M237I) exon 7] in the patient in the present case study. There 
are two possible reasons that may explain this phenomenon: 
First, ESCC may have had fewer TP53 mutations; second, 
TP53 mutations in ESCC may have resulted from a small 
quantity of MDS/AML cell infiltration, which would also 
explain the lower detection rate of TP53 mutation frequency 
in ESCC. TP53, a tumor suppressor gene located on chromo‑
some 17p13, serves crucial roles in tumor genesis (30) and 
is the most frequently mutated gene in human cancer, with 
a frequency of ~50% in squamous cell skin carcinoma (31). 
In addition, TP53 has been identified in numerous different 
types of hematological malignancies, such as AML, MDS and 
acute lymphoblastic leukemia (31). The p53 mutation in codon 
248 (p53R248W) was revealed to enhance leukemia‑initiating 
cell self‑renewal to promote leukemia development (32). Thus, 
genetic mutations in TP53 and ROS1 were the most important 
oncogenes that were identified in the patient, in the present 
case report.

Figure 3. One of the chromosome karyotypes of the patient. 48, xy, ‑4, ‑5, +6, del(7)(q21), del(9)(q21;q32), del(11)(q14), +12, +12, del(12)(p10), ‑15, +22, +mar, 
2dmin. The arrows indicate the abnormal chromosomes. 
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Variants in the TP53, ROS1, ALK, ARID1A, PDGFRB, 
CDKN2A and NF1 genes are important in patients with ESCC 
and MDS/AML as they have been associated with tumor forma‑
tion, recurrence and metastasis. In the patient in the present 
case study, mutations in these genes might have been involved 
in the development of ESSC and MDS/AML. However, further 
investigation regarding how the gene mutations may promote 
the proliferation of tumor cells is required for confirmation. 
The presence of these gene variants, in addition to tobacco and 
alcohol consumption, may have resulted in the patient devel‑
oping MPMN. The patient refused chemotherapy; therefore, the 
effect of therapeutic intervention was unknown, although there 
is no standard treatment regimen for MPMN and it is unknown 
which malignant neoplasm should be prioritized. Thus, further 
research is required to determine this.

In conclusion, the current case report describes an 
extremely rare case of ESCC presenting in conjunction with 
MDS/AML. The results indicated that for patients with solid 
tumors and unexplained blood changes, the presence of a 
hematological malignancy should be considered and bone 
marrow puncture should also be performed. The applica‑
tion of next‑generation gene sequencing may also provide 
more information regarding gene mutations, which may also 
guide future treatment. The poor lifestyle of the patient in 
the current case study may have promoted the development 
of MPMN, which requires multiple gene mutations. However, 
the underlying molecular mechanism of this process requires 
further investigation.
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