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Background: Myelodysplastic syndrome (MDS) is a group of clonal disorders characterized by ineffective and
dysplastic hematopoiesis in the bone marrow with a high risk of progression to leukemia. Many studies have dem-
onstrated that chemo-radiotherapy for cancer patients and exposure to certain chemicals may increase the risk of
secondary MDS, which is characterized by specific chromosomal abnormalities and genomic alterations. Since next-
generation sequencing (NGS) has been widely used for the diagnosis of cancer patients, advanced analysis of the
sequencing data may provide supplementary information for secondary MDS.

Case presentation: A male patient with non-small cell lung cancer (NSCLC) and bone metastases has presented dis-
tal obstructive inflammation, the enlargement of the left hilar, mediastinal lymph node metastases, and multiple bone
metastases. This patient has undergone long-term exposures to certain chemicals. Moreover, the deletion of chromo-
some 7 and 5q is detected in his peripheral blood sequencing, indicating secondary MDS, subsequently confirmed by

Conclusion: In this case, an NSCLC patient was diagnosed with secondary MDS via NGS analysis, indicating that the
NGS analysis may serve as supplementary for diagnosis of secondary MDS and provide useful information of thera-
peutic regimens for subsequent-line treatment of EGFR-mutated lung cancer. To the best of our knowledge, this is the
first report of acquired MDS in a lung adenocarcinoma patient.
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Background

Myelodysplastic syndromes (MDSs) are clonal stem-cell
disorders characterized by ineffective hemopoiesis lead-
ing to morphologic dysplasia, peripheral cytopenias, and
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potentially developing acute myeloid leukemia. The syn-
dromes are more common in older people, with a median
age of 65-70 years at diagnosis, and less than 10% of the
patients are younger than 50 years of age [1]. MDS can
be divided into primary and secondary, and the etiology
and pathogenesis of primary MDS are still unclear, while
secondary MDS follows treatment with chemotherapy or
irradiation. The yearly incidence rate of MDS is approxi-
mately 4.5 per 100,000 people in the general population
[2], and 10% of the MDS cases are acquired [3]. Second-
ary MDS has been reported in various solid tumors, such
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as breast cancer, ovarian cancer, prostate cancer, and lung
cancer [4—6]. Compared with primary MDS, secondary
MDS presents a higher incidence of chromosomal abnor-
malities, especially complex (>3) abnormalities, and a
worse prognosis [1, 7]. Therefore, secondary MDS has
become one of the long-term complications after tumor
treatment, which has attracted extensive attention of
clinicians.

To date, the diagnosis of MDS is mainly based on blood
tests, bone marrow tests, and cytogenetics. The revised
WHO classification (WHO 2016) of MDS has included
that the presence of an SF3BI mutation could be con-
sidered as MDS with ringed sideroblasts (MDS-RS) [8].
Sequencing techniques are becoming a complementary
diagnostic assay in MDS-RS ever since [9]. With the next-
generation sequencing (NGS) analysis, more mutations
are found to be involved in either primary or second-
ary MDS disease, such as epigenetic regulators (TET2,
ASXL1, DNMT3A, IDHI, IDH2, EZH?2), transcription
factors (ETV6, RUNX1, TP53), signal transduction pro-
teins (CBL, JAK2, KRAS, NRAS), and genes related to the
RNA splicing machinery (SF3B1, SRSF2, U2AF1, ZRSR2)
[9].

In this report, we described that a non-small cell lung
cancer (NSCLC) patient had MDS-associated chromo-
somal abnormalities via DNA hybrid NGS analysis and
was confirmed as MDS by bone marrow tests. Since NGS
testing has been widely used for biomarker diagnosis for
tumor patients [10], NGS data analysis for chromosomal
abnormalities and gene mutations could serve as a sup-
plementary method for the diagnosis of secondary MDS.

Case presentation

A 66-year-old male with back pain and cough for two
weeks was admitted to the First Hospital of Jiaxing on
8 August 2019. A thoracic computed tomography (CT)
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scan revealed that the malignant tumor on the left upper
lobe was complicated by distal obstructive inflammation,
the enlargement of the left hilar and mediastinal lymph
nodes, and the multiple bone metastases on 25 August
2019 (Fig. 1A). Immunohistochemical (IHC) results of
the posterior iliac bone marrow biopsy specimen showed
the positive expression of CD3, CD20, CD34, CD235a,
and NPO, and the negative CD61 expression. IHC
results of an endoscopic biopsy specimen of the bron-
chial mucosa on the upper left lobe showed the positive
expression of TTF1, CK7, NapsinA, Ki67, CK, and EMA,
and the negative expression of CK5/6, P40, CgA, Syn, and
CD45 on 6 September 2019. Histopathologic observa-
tions showed infiltration of atypia cells in mucosal and
fibrous tissues. The detection tools of pathology and
cytology included automatic IHC staining (BenchMark
XT, Roche, The United States), digital slice scanner,
image analysis software (Pannoramic 250, 3DHistech,
Hungary), and microscope (Eclipse Ci-S, Nikon, Japan).
Finally, the patient was diagnosed with stage IVb lung
adenocarcinoma combing with bone metastases.

To seek potential therapeutic opportunities, the FFPE
tissue and control sample (white blood cell) of the patient
were detected using a 733-gene NGS panel in a College
of American Pathologists (CAP) and Clinical Labora-
tory Improvement Amendments (CLIA) certificated
lab. Sequencing reads were mapped against the hgl9/
GRCh37 genome, and duplicate reads were removed,
followed by variants calling in targeted regions using an
in-house developed bioinformatics algorithm. The algo-
rithm utilized a filtering model containing background
error correction, strand bias, base quality, mapping qual-
ity, short tandem repeat regions, and low-quality map-
ping ratio 25 [11]. The NGS analysis results indicated
that the patient had an EGFR exon 19 p.L747_S752del
somatic mutation with an allelic fraction of 73.19% and

Fig. 1 Chest CT scans (mediastinal window). A The chest CT scan showed distal obstructive inflammation, the enlargement of the left hilar and
mediastinal lymph nodes when the patient was diagnosed with NSCLC. B After seven months of gefitinib treatment, the maximal tumor size in the
lung lesion did not reduce. C After one month of toripalimab and bevacizumab treatment, the tumor was found to be markedly regressed
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TP53 p.H179L germline mutation. Besides, the whole
chromosome 7 and 5q deletion were detected using
NGS-based copy number variation (CNV) analyses
(Fig. 2), which were classical abnormalities associated
with MDS. According to the clinical inquiry, the patient
was a farmer by occupation, which means that he has
long been exposed to certain chemicals such as pesti-
cides, fertilizers, and solvents containing benzene. In
addition, he smoked for 40 years. Taking all these find-
ings together, we suspected the patient with second-
ary MDS. The results of the physiological blood indexes
and the bone marrow aspiration test showed a decrease
of platelet counts and the elevation of myelocyte counts.
The proportion of blast was 5%, and the morphology of
the cells presented the characteristics of MDS, which
further confirmed our speculation (Fig. 3 and Additional
file 1: Fig. S1).

In terms of treatment, the EGFR-positive mutation
patient was administered with gefitinib starting from 20
August 2019. Due to decreasing platelet counts, azac-
itidine was administrated for four courses of treatment.
However, the thrombocytopenia had not been signifi-
cantly improved, and the size of the maximal tumor in
the lung lesion did not decrease after seven months’
treatment (Fig. 1B). On 10 April 2020, a pathological
report showed the infiltration of poorly differentiated
cancer cells into the fibrous tissue. IHC results suggested
the neuroendocrine tumor, in which small cell carcinoma
and atypical carcinoid tumor accounted for about 40%
and 60%, respectively. On 7 April and 28 April 2020, con-
sidering positive PD-L1 expression and high tumor muta-
tion burden (TMB) in the tissue sample, the patient was
administrated with toripalimab (a PD-1 inhibitor) and
bevacizumab. Platelet counts returned to near-normal
levels gradually, and the tumor lesion shrank obviously
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Fig. 3 Bone marrow morphology of this case showed the increase of
marrow blast. 1000 x represents the multiple of the microscope

(Fig. 4). It was concluded that the patient reached a par-
tial response (PR) (Fig. 1C). The progression-free survival
was four months.

Discussion and conclusions

The most common techniques for MDS diagnosis
are identification of bone marrow morphology and
cytogenetic analysis. Since morphology characteristics
are subjective and empirical, cytogenetic analysis has
been used as a major measurement for MDS diagnosis.
Chromosomal anomalies are detected in approximately
50% of patients with primary MDS and 80% of patients
with secondary MDS associated with chemotherapy or
other toxic agents [12]. With the fast development and
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Fig. 2 The copy number deletion region on chromosomal 5 and 7 identified by NGS data in this patient
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Fig. 4 Dynamic changes of white blood cell (WBC) counts and
platelet (Plt) counts through the course of therapy. The WBC and
platelet count restored near-normal level after treatment. Red
background, normal range of platelet count; Blue background,
normal range of WBC count

wide applications of NGS technologies, many studies
have reported that 70-80% of MDS patients carry spe-
cific DNA alterations [13].

Here, we reported an NSCLC patient with molecular
characteristics of MDS, including TP53 p.H179L muta-
tion, and chromosome 7 and 5q deletion detected using
targeted NGS. Deletion of chromosome 5 is one of
the most common cytogenetic abnormalities in MDS,
accounting for 10-15% of MDS cases [14]. Chromo-
some 7 deletion with extra cytogenetic aberration is
the second most frequent chromosomal abnormality
in MDS, associated with poor overall survival and a
high transformation rate to leukemia [15]. TP53 patho-
genic mutation mainly develops resistance to apoptosis
mechanism. It is reported that TP53 alterations were in
about 10% of MDS patients, predominantly in therapy-
related MDS [16]. Based on the common molecular
characteristics of MDS by NGS, further cell morphol-
ogy analysis, such as bone marrow smear, was carried
out and confirmed MDS, indicating that NGS detec-
tion has additional predictive value in the diagnosis of
MDS. Therefore, physicians must pay attention to the
NGS results for a better overall treatment plan, regard-
less of whether patients have already shown specific
MDS characteristics or not. Notably, our patient resist-
ant to EGFR-TKI therapy achieved a PR after toripali-
mab plus bevacizumab, suggesting that immunotherapy
combined with anti-angiogenesis therapy may be effec-
tive in the subsequent-line treatment of EGFR-mutated
lung cancer with positive PD-L1 expression and high
TMB [17].

In conclusion, molecular abnormality analysis is valu-
able in the diagnosis of MDS and pathogenesis research
leading to tumorigenesis of MDS patients. Also, our
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case suggested that NSCLC is one of the cancer types
associated with an increased risk of secondary MDS.
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