
well till March 2022, after which she presented with 
complaints of weight loss and abdominal pain. CBC showed 
TLC 8.96 x109/Lwith 6% blasts and >50% of abnormal mono-
cytes. Patient bone marrow biopsy & karyotyping were 
performed revealing transformation to AML/MDS. Her 
karyotyping showed Monosomy 7 shown in the Fig. (1).

Fig. (1). Karyotype of the patient showing Monosomy 7.

Next generation sequencing was done for AML/MDS panel 
including the following genes:
ASXL1, CALR, CEBPA, SETBP1, CSF3R, DNMT3, EZH1, 
HRAS, MLL-PTD, MPL, MYD88, NPM1, PDGFRB, PHF6, 
RUNX1, TET2, TP53, U2AF1, WT1, ZRSR2.
Genes in which the patient had mutations are discussed in 
Table 1.

Table 1. The Mutations Identified in Next Generation 
Sequencing AML/MDS Panel.

The recent aspirate smear shows the following in the Fig. (2).

Fig. (2). Bone Marrow Aspirate Smear Image of Patient 
Showing Blast Cells and Abnormal Monocytes.

DISCUSSION

In this report, we presented a case of SAA that transformed 
into AML/MDS. 5-years of post-ATG, she acquired mono-
somy 7, RUNX1 & SETBP1 gene mutations. Clonal evolu-
tion is one of the most concerning complications of AA 
treated with IST [7]. Patel et al. reported that in a large cohort, 
approximately 10% of SAA patients treated with IST devel-
oped clonal evolution [8]. Therefore, patients with severe AA 
require profound and prolonged surveillance with marrow 
morphology and cytogenetics. Progression towards secondary 
myeloid neoplasm or identification of monosomy-7 should 
bringon clinicians to go for BMT for eligible patients [9].

Monosomy 7 is the most specific aberration identified in 
20-60% of patients with AA who evolved to MDS [10]. In 
such patients, monosomy 7 is usually present either isolated or 
in conjunction with other somatic mutations, most frequently 
RUNX1 and ASXL1 gene, unlike primary MDS where mono-
somy-7 is identified with TP53 and complex karyotype [10]. 
Patient prognosis linked to gene mutation. The number of 
gene mutations is associated with overall survival, and 
advanced disease is associated with higher mutational 
burdens in MDS. Studies found that RUNX1 and SETBP1 
mutations correlated with poor overall survival [11]. Accord-
ing to a review study, RUNX1 mutation usually develops in 
the later stage of MDS, so it may be more likely to be the 
mutation needed for transformation to AML [12]. SETBP1 
mutations coinciding with cytogenetic abnormality correlated 
with shortened survival. SETBP1 mutations are acquired at 
the time of leukemic evolution very frequently with the 
concurrence of an increased number of blasts which suggests 

that it may play an important role in disease progression [13]. 
In recent research, it has found that patients of MDS/MPN 
with RUNX1 and SETBP1 gene mutations are predicted to 
lack the response from hypo-methylating agents which 
suggests that genetic screening can identify patients with 
HMA refractory phenotype [14]. Once the patient become 
refractory to HMA, their outcome is poor and very limited 
treatment options are left. Supportive care may only be decid-
ed for the management of these kinds of patients [15].  

As the aspects of somatic mutations are complex and still not 
fully understood, they should be cautiously analyzed by the 
clinician along with morphologic and cytogenetic data before 
planning the treatment.
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INTRODUCTION

Aplastic Anemia (AA) incidence is variable worldwide with 
2-3 times higher in Asia compared to western countries. The 
reason for this difference is not known [1]. Aplastic anemia 
can be either inherited or acquired, associated with pancyto-
penia that is caused by impaired function of bone marrow [2]. 
Cytopenias of at least two lineages are required for the 
diagnosis. The hypocellular bone marrow could be life-threat-
ening with a high rate of mortality if remains untreated [3]. 
The disorder could occur at any age and in either gender. 
Symptoms include pallor, weakness, fever, frequent infec-
tions, bruises, petechiae, and mucosal bleeding [4]. In 
diagnosed patients, Bone Marrow Transplant (BMT) is 
considered a first-line treatment option but the outcome is 
mainly depending on the age. Patients under the age of 40 
have a survival rate of up to 94% [5]. The older patients or 
who are ineligible for BMT, Immunosuppressive Therapy 
(IST) with Anti-thymocyte Globulin (ATG) and Cyclosporine 
A (CsA) can be used as primary therapy. Recent studies 
showed a 63-65% response rate of ATG with favorable 
survival outcomes [1]. It has already been identified that 
patients with severe Aplastic Anemia (SAA) are prone to 
develop malignancies like Acute Myeloid Leukemia (AML) 
or Myelodysplastic Syndrome (MDS). It is about a 15-20% 
rate of incidence of secondary AML/MDS in aplastic anemia 

patients at ten years [6].

Here we report a case of a patient of aplastic anemia 
post-ATG transformed into AML having both RUNX1 and 
SETBP1 somatic mutations concurrently along with the 
monosomy 7. To our best knowledge this would be the unique 
case report of this kind.

CASE REPORT

In 2017, a 43-years old female presented with complaints of 
shortness of breath, chest pain, orthopnea, and fever for 4 
days, and per vaginal bleeding for 3 days. Her appetite and 
sleep were disturbed. Complete blood count findings were: 
Hemoglobin 3.2g/L, Total leukocyte count (TLC) 2.6x109/L, 
platelets 01x109/L. Liver and renal profile, uric acid, Lactate 
dehydrogenase, Coagulation profile, Malaria parasite test, and 
ultrasound Abdomen were within normal range. Systemic 
examination was unremarkable. On basis of the above 
findings, her bone marrow biopsy was performed which was 
markedly hypocellular with a cellularity of 5% and no 
evidence of fibrosis or infiltration. Diagnosis of severe aplas-
tic anemia was made. Karyotype revealed normal female 
karyotype. Packed red blood cells and platelets were trans-
fused on and off. As the patient was not eligible for BMT due 
to being aged >40 years, IST was given with Rabbit Anti-Thy-
mocyte Globulin (rATG). The patient’s counts gradually 
recovered to normal after 6 months of ATG. She remained 
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well till March 2022, after which she presented with 
complaints of weight loss and abdominal pain. CBC showed 
TLC 8.96 x109/Lwith 6% blasts and >50% of abnormal mono-
cytes. Patient bone marrow biopsy & karyotyping were 
performed revealing transformation to AML/MDS. Her 
karyotyping showed Monosomy 7 shown in the Fig. (1).

Fig. (1). Karyotype of the patient showing Monosomy 7.

Next generation sequencing was done for AML/MDS panel 
including the following genes:
ASXL1, CALR, CEBPA, SETBP1, CSF3R, DNMT3, EZH1, 
HRAS, MLL-PTD, MPL, MYD88, NPM1, PDGFRB, PHF6, 
RUNX1, TET2, TP53, U2AF1, WT1, ZRSR2.
Genes in which the patient had mutations are discussed in 
Table 1.

Table 1. The Mutations Identified in Next Generation 
Sequencing AML/MDS Panel.

The recent aspirate smear shows the following in the Fig. (2).

Fig. (2). Bone Marrow Aspirate Smear Image of Patient 
Showing Blast Cells and Abnormal Monocytes.

DISCUSSION

In this report, we presented a case of SAA that transformed 
into AML/MDS. 5-years of post-ATG, she acquired mono-
somy 7, RUNX1 & SETBP1 gene mutations. Clonal evolu-
tion is one of the most concerning complications of AA 
treated with IST [7]. Patel et al. reported that in a large cohort, 
approximately 10% of SAA patients treated with IST devel-
oped clonal evolution [8]. Therefore, patients with severe AA 
require profound and prolonged surveillance with marrow 
morphology and cytogenetics. Progression towards secondary 
myeloid neoplasm or identification of monosomy-7 should 
bringon clinicians to go for BMT for eligible patients [9].

Monosomy 7 is the most specific aberration identified in 
20-60% of patients with AA who evolved to MDS [10]. In 
such patients, monosomy 7 is usually present either isolated or 
in conjunction with other somatic mutations, most frequently 
RUNX1 and ASXL1 gene, unlike primary MDS where mono-
somy-7 is identified with TP53 and complex karyotype [10]. 
Patient prognosis linked to gene mutation. The number of 
gene mutations is associated with overall survival, and 
advanced disease is associated with higher mutational 
burdens in MDS. Studies found that RUNX1 and SETBP1 
mutations correlated with poor overall survival [11]. Accord-
ing to a review study, RUNX1 mutation usually develops in 
the later stage of MDS, so it may be more likely to be the 
mutation needed for transformation to AML [12]. SETBP1 
mutations coinciding with cytogenetic abnormality correlated 
with shortened survival. SETBP1 mutations are acquired at 
the time of leukemic evolution very frequently with the 
concurrence of an increased number of blasts which suggests 

that it may play an important role in disease progression [13]. 
In recent research, it has found that patients of MDS/MPN 
with RUNX1 and SETBP1 gene mutations are predicted to 
lack the response from hypo-methylating agents which 
suggests that genetic screening can identify patients with 
HMA refractory phenotype [14]. Once the patient become 
refractory to HMA, their outcome is poor and very limited 
treatment options are left. Supportive care may only be decid-
ed for the management of these kinds of patients [15].  

As the aspects of somatic mutations are complex and still not 
fully understood, they should be cautiously analyzed by the 
clinician along with morphologic and cytogenetic data before 
planning the treatment.
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ening with a high rate of mortality if remains untreated [3]. 
The disorder could occur at any age and in either gender. 
Symptoms include pallor, weakness, fever, frequent infec-
tions, bruises, petechiae, and mucosal bleeding [4]. In 
diagnosed patients, Bone Marrow Transplant (BMT) is 
considered a first-line treatment option but the outcome is 
mainly depending on the age. Patients under the age of 40 
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patients at ten years [6].

Here we report a case of a patient of aplastic anemia 
post-ATG transformed into AML having both RUNX1 and 
SETBP1 somatic mutations concurrently along with the 
monosomy 7. To our best knowledge this would be the unique 
case report of this kind.

CASE REPORT

In 2017, a 43-years old female presented with complaints of 
shortness of breath, chest pain, orthopnea, and fever for 4 
days, and per vaginal bleeding for 3 days. Her appetite and 
sleep were disturbed. Complete blood count findings were: 
Hemoglobin 3.2g/L, Total leukocyte count (TLC) 2.6x109/L, 
platelets 01x109/L. Liver and renal profile, uric acid, Lactate 
dehydrogenase, Coagulation profile, Malaria parasite test, and 
ultrasound Abdomen were within normal range. Systemic 
examination was unremarkable. On basis of the above 
findings, her bone marrow biopsy was performed which was 
markedly hypocellular with a cellularity of 5% and no 
evidence of fibrosis or infiltration. Diagnosis of severe aplas-
tic anemia was made. Karyotype revealed normal female 
karyotype. Packed red blood cells and platelets were trans-
fused on and off. As the patient was not eligible for BMT due 
to being aged >40 years, IST was given with Rabbit Anti-Thy-
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TLC 8.96 x109/Lwith 6% blasts and >50% of abnormal mono-
cytes. Patient bone marrow biopsy & karyotyping were 
performed revealing transformation to AML/MDS. Her 
karyotyping showed Monosomy 7 shown in the Fig. (1).
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Table 1. The Mutations Identified in Next Generation 
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into AML/MDS. 5-years of post-ATG, she acquired mono-
somy 7, RUNX1 & SETBP1 gene mutations. Clonal evolu-
tion is one of the most concerning complications of AA 
treated with IST [7]. Patel et al. reported that in a large cohort, 
approximately 10% of SAA patients treated with IST devel-
oped clonal evolution [8]. Therefore, patients with severe AA 
require profound and prolonged surveillance with marrow 
morphology and cytogenetics. Progression towards secondary 
myeloid neoplasm or identification of monosomy-7 should 
bringon clinicians to go for BMT for eligible patients [9].

Monosomy 7 is the most specific aberration identified in 
20-60% of patients with AA who evolved to MDS [10]. In 
such patients, monosomy 7 is usually present either isolated or 
in conjunction with other somatic mutations, most frequently 
RUNX1 and ASXL1 gene, unlike primary MDS where mono-
somy-7 is identified with TP53 and complex karyotype [10]. 
Patient prognosis linked to gene mutation. The number of 
gene mutations is associated with overall survival, and 
advanced disease is associated with higher mutational 
burdens in MDS. Studies found that RUNX1 and SETBP1 
mutations correlated with poor overall survival [11]. Accord-
ing to a review study, RUNX1 mutation usually develops in 
the later stage of MDS, so it may be more likely to be the 
mutation needed for transformation to AML [12]. SETBP1 
mutations coinciding with cytogenetic abnormality correlated 
with shortened survival. SETBP1 mutations are acquired at 
the time of leukemic evolution very frequently with the 
concurrence of an increased number of blasts which suggests 

that it may play an important role in disease progression [13]. 
In recent research, it has found that patients of MDS/MPN 
with RUNX1 and SETBP1 gene mutations are predicted to 
lack the response from hypo-methylating agents which 
suggests that genetic screening can identify patients with 
HMA refractory phenotype [14]. Once the patient become 
refractory to HMA, their outcome is poor and very limited 
treatment options are left. Supportive care may only be decid-
ed for the management of these kinds of patients [15].  

As the aspects of somatic mutations are complex and still not 
fully understood, they should be cautiously analyzed by the 
clinician along with morphologic and cytogenetic data before 
planning the treatment.

CONFLICT OF INTEREST

Declared none.

ACKNOWLEDGEMENTS

Authors would like to acknowledge Prof. Dr. Tahir Sultan 
Shamsi (Late), who provided us the platform where we get the 
opportunities to learn and conduct researches efficiently.

REFERENCES 

[1] Norasetthada L, Wongkhantee S, Chaipokam J, et al. Adult 
aplastic anemia in Thailand: Incidence and treatment outcome 
from a prospective nationwide population-based study. Ann 
Hematol 2021; 100: 2443-52.

[2] Drexler B, Passweg J. Current evidence and the emerging role 
of eltrombopag in severe aplastic anemia. Therap Adv Hema-
tol 2021; 12: 2040620721998126.

[3] Bereda G. Diagnosis, pathophysiology and management of 
aplastic anemia. TESS Res Med Clin 2022; 1(1): 102.

[4] Moore CA, Krishnan K. Aplastic anemia. In: StatPearls [Inter-
net]. Treasure Island (FL): StatPearls Publishing 2022.

[5] Bacigalupo A, Benintende G. Bone marrow transplantation for 
acquired aplastic anemia: What's new. Best Pract Res Clin 
Haematol 2021; 34(2): 101284.

[6] Sun L, Babushok DV. Secondary myelodysplastic syndrome 
and leukemia in acquired aplastic anemia and paroxysmal 

nocturnal hemoglobinuria. Blood 2020; 136(1): 36-49.

[7] Yanagi M, Kobayashi R, Matsushima S, et al. The presenta-
tion of nephrotic syndrome during immunosuppressive 
treatment for aplastic anemia with monosomy 7 in a 
16-year-old boy: A case report. 2022; Available at: 
https://d197for5662m48.cloudfront.net/documents/publica-
t ions ta tus /84567/prepr in t_pdf /5473a9353db17504 
7a55a93cc5075e34.pdf 

[8] Patel BA, Ghannam J, Groarke EM, et al. Detectable 
mutations precede late myeloid neoplasia in aplastic anemia. 
Haematologica 2021; 106(2): 647-50.

[9] Babushok DV. A brief, but comprehensive, guide to clonal 
evolution in aplastic anemia. Hematology Am Soc Hematol 
Educ Program 2018; 2018(1): 457-66.

[10]  Gurnari C, Pagliuca S, Prata PH, et al. Clinical and molecular 
determinants of clonal evolution in aplastic anemia and parox-
ysmal nocturnal hemoglobinuria. J Clin Oncol 2023; 41(1): 
132-42.

[11] Jian J, Qiao Y, Li Y, et al. Mutations in chronic myelomono-
cytic leukemia and their prognostic relevance. Clin Transl 
Oncol 2021; 23: 1731-42.

[12] Sutandyo N, Mulyasari R, Kosasih A, et al. Association of 
somatic gene mutations with risk of transformation into acute 
myeloid leukemia in patients with myelodysplastic syndrome: 
A systematic review and meta-analysis. Asian Pacific J Cancer 
Prevent 2022; 23(4): 1107-16.

[13] Fernandez‐Mercado M, Pellagatti A, Di Genua C, et al. 
Mutations in SETBP 1 are recurrent in myelodysplastic 
syndromes and often coexist with cytogenetic markers associ-
ated with disease progression. Br J Haematol 2013; 163(2): 
235-9.

[14] Karantanos T, Tsai HL, Levis M, et al. The presence of 
SETBP1, RUNX1 or EZH2 mutation in MDS/MPN is associ-
ated with absence of response to hypo-methylating agents. 
Blood 2021; 138: 1520.

[15] Fenaux P, Platzbecker U, Ades L. How we manage adults with 
myelodysplastic syndrome. Br J Haematol 2020; 189(6): 
1016-27.

INTRODUCTION

Aplastic Anemia (AA) incidence is variable worldwide with 
2-3 times higher in Asia compared to western countries. The 
reason for this difference is not known [1]. Aplastic anemia 
can be either inherited or acquired, associated with pancyto-
penia that is caused by impaired function of bone marrow [2]. 
Cytopenias of at least two lineages are required for the 
diagnosis. The hypocellular bone marrow could be life-threat-
ening with a high rate of mortality if remains untreated [3]. 
The disorder could occur at any age and in either gender. 
Symptoms include pallor, weakness, fever, frequent infec-
tions, bruises, petechiae, and mucosal bleeding [4]. In 
diagnosed patients, Bone Marrow Transplant (BMT) is 
considered a first-line treatment option but the outcome is 
mainly depending on the age. Patients under the age of 40 
have a survival rate of up to 94% [5]. The older patients or 
who are ineligible for BMT, Immunosuppressive Therapy 
(IST) with Anti-thymocyte Globulin (ATG) and Cyclosporine 
A (CsA) can be used as primary therapy. Recent studies 
showed a 63-65% response rate of ATG with favorable 
survival outcomes [1]. It has already been identified that 
patients with severe Aplastic Anemia (SAA) are prone to 
develop malignancies like Acute Myeloid Leukemia (AML) 
or Myelodysplastic Syndrome (MDS). It is about a 15-20% 
rate of incidence of secondary AML/MDS in aplastic anemia 

patients at ten years [6].

Here we report a case of a patient of aplastic anemia 
post-ATG transformed into AML having both RUNX1 and 
SETBP1 somatic mutations concurrently along with the 
monosomy 7. To our best knowledge this would be the unique 
case report of this kind.

CASE REPORT

In 2017, a 43-years old female presented with complaints of 
shortness of breath, chest pain, orthopnea, and fever for 4 
days, and per vaginal bleeding for 3 days. Her appetite and 
sleep were disturbed. Complete blood count findings were: 
Hemoglobin 3.2g/L, Total leukocyte count (TLC) 2.6x109/L, 
platelets 01x109/L. Liver and renal profile, uric acid, Lactate 
dehydrogenase, Coagulation profile, Malaria parasite test, and 
ultrasound Abdomen were within normal range. Systemic 
examination was unremarkable. On basis of the above 
findings, her bone marrow biopsy was performed which was 
markedly hypocellular with a cellularity of 5% and no 
evidence of fibrosis or infiltration. Diagnosis of severe aplas-
tic anemia was made. Karyotype revealed normal female 
karyotype. Packed red blood cells and platelets were trans-
fused on and off. As the patient was not eligible for BMT due 
to being aged >40 years, IST was given with Rabbit Anti-Thy-
mocyte Globulin (rATG). The patient’s counts gradually 
recovered to normal after 6 months of ATG. She remained 
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