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Abstract
BACKGROUND
Del(5q) is the most common molecular event in myelodysplastic syndrome (MDS), accounting for 10%-15% of cases. Inv(3) is an adverse cytogenetic abnormality observed in less than 1% of MDS patients. Few studies have reported the coexistence of del(5q) and inv(3) in MDS. Therefore, the pathological mechanism, treatment strategy and prognosis of this subtype need to be elucidated.

CASE SUMMARY
A 66-year-old woman was admitted to the hospital due to chest tightness and shortness of breath. Combining clinical assessments with laboratory examinations, the patient was diagnosed with MDS containing both del(5q) and inv(3). Considering the deletion of chromosome 5q, we first treated the patient with lenalidomide. When drug resistance arose, we tried azacitidine, and the patient had a short remission. Finally, the patient refused treatment with haematopoietic stem cell transplantation and died of severe infection four months later.

CONCLUSION
MDS patients with del(5) and inv(3) have a poor prognosis. Azacitidine may achieve short-term remission for such patients.
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Core Tip: We report a rare case of myelodysplastic syndrome (MDS) with two chromosomal structural abnormalities, del(5q) and inv(3). The patient evolved from the initial del(5q) to inv(3) combined with del(5q). Considering the deletion of chromosome 5q, we first treated the patient with lenalidomide. When drug resistance arose, we tried azacitidine, and the patient had a short remission. Finally, the patient refused treatment with haematopoietic stem cell transplantation (HSCT), and her condition gradually deteriorated until she was discharged from the hospital. In this rare and contradictory situation, we found that MDS patients with coexisting del(5q) and inv(3) may have a poor prognosis. However, azacitidine may play a role to some extent in MDS with del(5q) and inv(3), and HSCT may be the only way to cure the disease. 

INTRODUCTION
Myelodysplastic syndrome (MDS) is defined as a typical heterogeneous group of clonal haematopoietic disorders characterized by dysplastic and ineffective haematopoiesis, and approximately 30% of patients progress to acute myeloid leukaemia (AML)[1,2]. The incidence of MDS is associated with age, especially in people 60 years older, and males are more susceptible than females[3]. MDS patients generally have poor outcomes, with a median overall survival of 5 years[2]. According to the International Prognostic Scoring System (IPSS) and revised International Prognostic Scoring System (IPSS-R), cytogenetic abnormalities, especially certain unbalanced abnormalities, have a profound impact on the prognosis of MDS patients[4]. Unbalanced chromosomal abnormalities caused by partial acquisition or deletion of chromosomes are common in MDS[5]. These abnormalities often occur during tumorigenesis and play a crucial role in MDS progression. 
Here, we report a case of an MDS patient with clonal progression from del(5q) to inv(3) and del(5q), who was treated with azacitidine after lenalidomide resistance. Furthermore, we will summarize the genetic abnormalities and treatment strategies to add a corresponding contribution to the treatment and prognosis of these patients.

CASE PRESENTATION
Chief complaints
In September 2020, a 66-year-old woman was admitted to our hospital for progressive chest tightness and shortness of breath.

History of present illness
One year prior, the patient had been admitted to the hospital with severe anaemia and thrombocytosis. Physical examination showed that the patient had an anaemic appearance. The results of peripheral blood examination were as follows: red blood cell (RBC) count, 1.0 × 1012/L; platelet (PLT) count, 409 × 109/L; haemoglobin (HB), 36 g/L; creatinine, 0.55 mg/dL; and lactate dehydrogenase (LDH), 418 U/L. Bone marrow trephine biopsy revealed more than 10% abnormal megakaryocytes (single round nuclei and cytosolic lobulated micronuclei) (Figure 1A). Fluorescence in situ hybridization (FISH) indicated deletion of the EGR1 (5q31) gene (Figure 1B). Furthermore, the karyotype was described as 46, XX, del(5)(q13q31) by G band staining (Figure 1C). Based on clinical manifestations and laboratory tests, the patient was diagnosed with low-risk MDS (low risk, IPSS-R = 2.5). The endothelial activation and stress index (EASIX) was 0.56. EASIX is an independent prognostic factor for lower-risk MDS patents that was calculated by the following formula: LDH (U/L) × creatinine (mg/dL)/PLT (nL)[6]. The patient was advised to be treated with lenalidomide. The dosing schedule was 10 mg/d or 21 d in a 28-d cycle. After three cycles of treatment, peripheral blood examination showed HB 97 g/L and PLT 341 × 109/L.

History of past illness
The patient was previously healthy. There was no disease history in other systems.

Personal and family history
No contributory personal history or similar family history.

Physical examination
Physical examination showed that the patient had a moderate anaemic appearance. Her vital signs were stable, with no other positive findings.

Laboratory examinations
The results of the peripheral blood examination were as follows: RBC, 2.27 × 1012/L; WBC, 1.93 × 109/L; PLT, 114 × 109/L; and HB, 58 g/L.

Further diagnostic work-up
Bone marrow aspirate smears showed hypercellularity with marked myeloid and erythroid hypoplasia and a blast cell count of 16% (Figure 2A). Another karyotype examination revealed 46, XX, inv(3)(q21q26), and del(5)(q13q31) (Figure 2B). qRT–PCR showed that the EVI1 expression level was 90.63%, which was classified as high expression.

FINAL DIAGNOSIS
According to the IPSS-R, the patient's diagnosis was revised to high-risk MDS (very high risk, IPSS-R = 7.5).

TREATMENT
We continued to treat the patient with lenalidomide. In less than one treatment cycle, the patient rapidly developed resistance to the drug. Subsequently, we tried azacitidine as a treatment and administered 75 mg/m2/d intravenously for 7 consecutive days every 28 d. After two courses, haematology showed HB 70 g/L and PLT 56 × 109/L. After the fourth cycle, peripheral blood examination revealed HB 40 g/L and PLT 14 × 109/L. Bone morrow aspirate smears revealed that nucleated cells accounted for 6% of the cell population. A mutation of the ASXL1 gene [NM 015338:c.4232_4233delinsA(p. W1411*) exon 12] with a variant allele frequency of 33.1% was detected. Subsequently, her medical condition gradually deteriorated. In view of the present situation, we recommended HSCT.

OUTCOME AND FOLLOW-UP
The patient was discharged and wilfully refused HSCT. After four months, the patient died of the infection.

DISCUSSION
We report a rare case of MDS with clonal evolution from del(5q) to inv(3) (Figure 3). MDS with del(5q), also known as 5q-syndrome, is a specific type of MDS that has a better prognosis than other subtypes of MDS. The median expected survival time of this syndrome is approximately 58 mo[7]. Deletion of chromosome arm 5q results in the deletion of genes located on this chromosome, including SPARC, EGR1, CTNNA1, APC and NPM1[8]. Based on this, we used LSI EGR1 and D5S23 and a D5S721 dual colour probe to detect del(5q). MDS with inv(3)/t(3) is considered to be a rare event (< 1%); it is an invasive disease with a high risk of developing AML. Furthermore, high expression of EVI1 was observed with chromosome 3 abnormalities in our case. EVI1 is an oncogenic transcriptional regulator that may be involved in the proliferation and maintenance of haematopoietic stem cells, and its abnormally high expression often promotes disease progression[9]. In addition, ASXL1 mutations that frequently occur in MDS were detected in our case and predict an adverse outcome[10]. Therefore, the patient in our report contained "dominant" karyotypes [del(5q)], "inferior" karyotypes [inv(3)] and harmful ASXL1 mutations. However, the prognostic tendency of these patients remains elusive.
Combining bone marrow cytogenetics, the percentage of bone marrow blasts and cytopenia, our patient was classified as low risk according to the IPSS-R at primary diagnosis. In recent years, cardiovascular disease has been considered to be the second most common cause of death among patients with low-risk MDS after haematological complications[11]. Therefore, we used EASIX to assess the patient’s cardiovascular risk, which was 0.56[6]. Because the patient had no previous history of cardiovascular disease and the cardiovascular examination results were negative at admission, we alleviated the patient's cardiovascular disease concerns. Considering the IPSS-R and EASIX, we preliminarily evaluated the patient had a good prognosis.
Lenalidomide therapy is initially recommended based on age, general conditions, and cytogenetic abnormalities. Since 2005, the Food and Drug Administration of the United States has approved the use of lenalidomide for the treatment of transfusion-dependent low-risk MDS with or without del(5q), and it has been indicated that lenalidomide could reduce transfusion requirements and reverse cytogenetic abnormalities[12]. Lenalidomide is the first and only treatment for cytogenetically defined subsets of MDS disease, especially MDS with del(5q). However, not all patients achieve a long-term response. It was reported that approximately half of patients with del(5q) lost response or progression after 2-3 years of treatment[13]. Indeed, lenalidomide resistance has become a common event in the treatment of MDS.
In our case, lenalidomide treatment initially showed a good response in the patient, but the patient rapidly developed drug resistance after the first remission. Based on the available data, we found that the occurrence of primary resistance to lenalidomide in MDS is mainly related to TP53 mutations. We reviewed the role of TP53 mutations and abnormal p53 pathway activation in myeloid malignant tumours. In del (5q) patients who had a high mutation rate of TP53, the cytogenetic complete remission rate was less than 12% after treatment with lenalidomide[7]. Therefore, it is plausible that there is a high correlation between TP53 mutations and lenalidomide resistance. In addition, lenalidomide upregulates RUNX1 expression in a CRBN- and TP53 -dependent manner in del (5q) MDS, and RUNX1 induces megakaryocyte differentiation and apoptosis assisted by GATA2. As a result, lenalidomide resistance occurs when RUNX1 is mutated or downregulated[14]. The secondary or acquired resistance to lenalidomide is associated with the overexpression of PP2A. The overexpression of PP2A leads to the degradation of p53 in red blood cell precursors and the instability of β-catenin, which is more conducive to the evolution of del(5q) clones[15]. However, TP53 and RUNX1 mutations were not detected in our case. The acquired resistance of our patients to lenalidomide may be related to PP2A abnormalities, but further sufficient data is required for further exploration.
After the lenalidomide treatment failed, inv(3) with EVI1 overexpression and ASXL1 mutations occurred in the patient. Based on clinical assessments and laboratory examination, the patient's diagnosis was revised to high-risk MDS. We then tried to treat the patient with azacytidine, which is a demethylation drug. Demethylation drugs mainly include azacitidine and decitabine, both of which can inhibit DNA methylation by binding to DNA. Interestingly, azacitidine also binds to RNA to inhibit RNA synthesis and protein metabolism[16]. Sallman et al[16] reported a study about the response to azacitidine in del(5q) MDS patients after lenalidomide resistance. Among 18 del(5q) MDS patients treated with azacytidine, the overall response rate was 56%, including a complete response rate of 5.6%, a marrow complete response rate of 11.1%, and a haematological improvement rate of 38.9%. Azacitidine had the same effect in del(5q) and non-del(5q) patients[17]. In the study by Wanquet et al[18], 157 AML/MDS patients with chromosome 3q abnormalities and 27 patients with isolated EVI1 overexpression were treated with azacitidine. The overall response rate was 50%, including a complete remission rate of 29%, and the median overall survival time was 10.6 mo. AML/MDS with 3q abnormalities has a special response to azacitidine, and azacitidine is an appropriate choice before the patient receives allohaematopoietic stem cell transplantation[18]. To date, there have been a few reports on the treatment of MDS with decitabine[3]. Therefore, we believe that azacitidine is a reasonable option for the treatment of MDS after the failure of lenalidomide. Our patient experienced a short-term improvement after 2 courses of azacitidine treatment.
The condition of our patient worsened again after a short period of time, and we considered HSCT. At present, for both low-risk and high-risk MDS patients, HSCT is still the only curative treatment[19]. Patients under 65 years of age and suitable healthy elderly patients should be strongly recommended for HSCT with a suitable donor with the same human leukocyte antigen[20]. Among high-risk MDS patients undergoing HSCT, 40-50% of patients have achieved a prolonged disease-free survival and have improved over the years[21]. However, the optimal timing of HSCT and the specific chemical regimen before HSCT treatment is still a controversial issue. It is generally believed that an increase in the percentage of bone marrow blasts, especially if it is greater than 10%, is associated with a higher risk of recurrence[22]. In addition, the existence of poor prognostic mutations, especially mutations in TP53, ASXL1 and RUNX1, should be considered for the use of HSCT to reduce the risk of recurrence[23]. However, in our case, when we recommended that the patient undergo HSCT, the patient rejected the recommendation for unknown reasons. Subsequently, the patient chose to leave the hospital voluntarily, and we learned during follow-up that the patient died of serious infection after four months.

CONCLUSION
In summary, we report a rare case of MDS with clonal evolution from del(5) to inv(3). Although lenalidomide and azacitidine provided temporary remission to the patient, the patient inevitably has a poor prognosis. The complex and heterogeneous pathophysiology of MDS is still the main reason for the limited effectiveness of current treatments; thus, emerging therapeutic strategies are still urgently needed.
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Figure Legends
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Figure 1 Bone marrow aspiration biopsy, karyotype and fluorescence in situ hybridization assay at first diagnosis. A: Representative image of May Grunwald-Giemsa staining of bone marrow specimen. It is showed that more than 5% blast cell and more than 10% abnormal megakaryocytes, including unicellular megakaryocytes (panel A red arrow) and lymphatic-like small megakaryocytes (yellow arrow). B: EGR(5q31) gene was detected by fluorescence in situ hybridization. Each signal mode was detected as follows :2G1R 50%,2G2R 50%. EGR(5q31) probe was labeled with red fluorescence, D5S23 and D5S721(5p15.2) probe was labeled with green fluorescence. C: G-band bone marrow karyotype. Arrows indicate the del(5)(q13q31).
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Figure 2 Bone marrow aspiration biopsy and karyotype analysis after lenalidomide resistances. A: Bone marrow aspiration smear showing blast cell counted 16% and Hypercellularity with marked myeloid and erythroid hypoplasia. Abnormal megakaryocytes including unicellular megakaryocytes (red arrow) and lymphatic-like small megakaryocytes (yellow arrow) could still be observed. B: karyotype analysis depicting 46, XX, inv(3)(q21q26),del(5)(q13q31) (Red arrow).
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Figure 3 Clonal evolution architecture of the patient. The patient was initially found to have del(5q) with EGR1 gene deletion, so she was diagnosed with MDS (low risk). Following lenalidomide treatment, the patient developed inv(3) with overexpression of EVI1. At that time, the patient's diagnosis was revised to MDS (very high risk). In addition, the patient also had ASXL1 mutations. The revised international prognostic scoring system (IPSS-R) for myelodysplastic syndrome was calculated according to a previously reported method[24], and the details can be found in Supplementary Table 1. HB: Haemoglobin; PLT: Platelet; IPSS-R: Revised International Prognostic Scoring System.
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