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Abstract: Here, we report a rare case of a 12-year-old boy who was initially diagnosed with 
B cell lymphoblastic lymphoma (BLBL) and developed myeloid sarcoma (MS) eight months 
after chemotherapy. Next-generation sequencing (NGS) showed mutations of KRAS and 
NRAS genes in both the bone marrow and lymph node. He presented an abnormal karyotype 
of 46, XY, −9, der (16) t (9; 16) (q13; q12), +mar. He received chemotherapy according to 
the South China Children’s Leukemia Group 2016 protocol. Complete remission was 
achieved by the 15th day post-treatment. Eight months later and immediately prior to the 
start of maintenance therapy, the patient developed fever, skin nodules in both upper arms, 
and enlargement of bilateral testes. Pathological analysis of skin and testicular biopsies 
suggested the diagnosis of myeloid sarcoma (MS). Again, NGS examination showed muta-
tions of KRAS and NRAS genes. The patient underwent haploidentical hematopoietic stem 
cell transplantation but unfortunately did not survive. The interval of eight-month interval 
between the initial disease onset and MS brings into question whether MS developed as part 
of the initial onset of disease or as a secondary tumor in association with chemotherapy. 
Thus, understanding the pathogenesis of MS involving abnormalities of lymphoid progeni-
tors may assist in the prediction of prognosis and development of novel target therapies. 
Keywords: B cell lymphoblastic lymphoma, myeloid sarcoma, KRAS, NRAS, case report

Background
Myeloid sarcoma (MS) is characterized as a myeloid neoplasm that mainly affects 
extramedullary sites, including the skin, lymph nodes, gastrointestinal tract, bone, soft 
tissue, and reproductive organs.1 Although MS affects all age groups of patients, the 
incidence of MS is low. MS is most often found in patients with newly or recently 
diagnosed acute myeloid leukemia (AML). The concurrence of MS with neoplasms 
derived from lymphoid progenitors has only been reported in few cases.2,3

Mutations of genes related to intracellular signaling pathways (such as the RAS/ 
RAF/MAPK and phosphoinositide-3 pathways) may alter the cell cycle via abnormal 
proliferation, differentiation, and apoptosis of cells.4 Among these, alterations of genes 
involved in the receptor tyrosine kinase (RTK)-RAS pathway, including NRAS and 
KRAS, are suspected to contribute significantly to the regulation and pathogenesis of 
MS.5,6 Patients who develop MS may have a poor prognosis. Therapies aimed at these 
genetic variations may help with the development of targeted strategies against MS.
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Case Presentation
A 12-year-old male patient with complaints of neck masses 
for a month and intermittent fever for two weeks was 
admitted to the Department of Hematology and Oncology 
at Shenzhen Children’s Hospital, China. He was diagnosed 
with lymphadenitis at a local hospital a month before admis-
sion and was treated with intravenous ceftriaxone and oral 
amoxicillin, as well as intravenous methylprednisolone 
(1.5mg/kg/day) for two days. The patient was previously 
healthy and denied any family history of malignant diseases.

Physical examination revealed multiple enlarged cervical 
and inguinal lymph nodes. The lymph nodes were moderate 
to firm in texture, with a maximum size of 2 cm x 1 cm, and 
mobile without adhesions to each other or neighboring tis-
sues. The lymph nodes were slightly tender on palpation. 
Hepatosplenomegaly was noted. No other abnormalities 
were observed during the physical examination.

Laboratory evaluations revealed slight leukopenia with 
a white blood cell count of 4.37 x 109/L and a neutrophil 
count of 2.15 x 109/L. Neither anemia nor thrombocyto-
penia was observed. The blood smear examination showed 
that blasts accounted for 5% of total white blood cells. 
Elevated levels of alanine aminotransferase (ALT, 170 IU/ 
L), aspartate aminotransferase (AST, 175 IU/L), and lactic 
dehydrogenase (LDH, 1007 IU/L) were observed. All 
other laboratory findings (including direct and indirect 
bilirubin, creatinine, albumin, creatine kinase, and immu-
noglobulin levels) were within the normal range. Test 
results for antibodies to tuberculosis, Epstein-Barr virus, 
cytomegalovirus, Mycoplasma pneumoniae, and 
Chlamydia pneumoniae were negative.

Enhanced computed tomography (CT) scans of the neck 
and chest confirmed the presence of multiple enlarged 

cervical lymph nodes, particularly on the left side of the 
neck. No fluctuations or adhesions of the lymph nodes were 
observed. Hepatomegaly (3 cm below the lowest right costal 
margin) and splenomegaly (2.4 cm below the lowest left 
costal margin) were observed on ultrasound examination. 
No masses were observed in the abdomen or pelvis. Brain 
magnetic resonance imaging showed no abnormalities.

The bone marrow smear showed 15% of blast cells. 
These cells displayed a monotonous population of round 
and oval cells with scant cytoplasm. Vacuolated cytoplasm 
was observed in a few blasts. Approximately 1% of the blast 
cells showed basophilic staining with scant cytoplasm, 
folded nuclei, and absent nucleoli. Periodic acid-Schiff 
(PAS) staining was positive in most blasts, and peroxidase 
(POX) staining was positive in 43% of blast cells (Figure 1).

Flow cytometry analysis of bone marrow aspirates 
showed blasts accounting for 17.1% of the total cells. 
Blast cells were positive to CD19, CD10, HLA-DR, TdT, 
CD13 (partial), CD79a (partial), and myeloperoxidase 
(MPO; partial) (Figure 2). Expressions of CD34, CD33, 
CD117, CD20, CD15, CD3, CD56, and IgM were nega-
tive. Cytogenetic abnormalities with a karyotype of 46, 
XY, −9, der (16) t (9; 16) (q13; q12), +mar were observed 
(Figure 3). Examinations of fusion genes for both acute 
lymphoblastic leukemia and myeloid leukemia were nega-
tive. Panel sequencing was performed to examine genes 
that related to lymphoid and myeloid neoplasms. 
Mutations of KRAS (c.38G>A, p.G13D) and NRAS 
(c.35G>A, p.G12D) genes were detected from the bone 
marrow sample. The variant allele fractions were 8.3% and 
11.1%, respectively.

A biopsy of the cervical lymph nodes on the left side of 
the neck was performed. Morphological examination 

Figure 1 Morphological examination of the bone marrow showed cells that displayed a monotonous population of round and oval cells with scant cytoplasm by Giemsa 
staining. Peroxidase (POX) staining was positive in 43% of blast cells. Periodic acid-Schiff (PAS) staining was positive in most blasts.
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showed uniformly small to intermediate-sized cells. 
Immunohistochemistry (IHC) examination of the lymph 
node showed positive staining of CD10, CD79a, TdT, 
Ki-67 (>85%), PAX5, CD1a (partial), CD20 (sporadic), 
CD3 (isolated), CD4 (few, isolated), CD7 (sporadic), CD8 
(sporadic), CD99/MIC2, and CD2 (sporadic). MPO 
expression was observed (Figure 4). Expressions of 
ALK, CD30, and CD34 were negative. Next-generation 
sequencing (NGS) examination of the lymph node showed 
a mutation of the NRAS gene (c.35G>A, p.G12D). 
However, mutation of the KRAS gene was not detected 
in the lymph node. B cell receptor (BCR) rearrangement 
examination was positive. According to the 2016 WHO 
classification, a diagnosis of BLBL was considered despite 
the expression of MPO.7 This patient was categorized as 
an intermediate-risk patient and was given chemotherapy 
according to the South China Children’s Leukemia Group 
2016 (SCCLG-2016) protocol.

Chemotherapy consisted of a prednisone experiment 
for seven days prior to induction therapy, an induction 
therapy of a cycle of VDLD (VCR/Dex/L-Peg-Asp 
/DNR) and two cycles of CAM+VL (CTX/Ara-C/6-MP 
+VCR/Preg-L-Asp), a consolidation therapy of four cycles 
of high dose MTX, and a reinduction therapy of a cycle of 
VDLD and a cycle of CAM+VL. Maintenance chemother-
apy was prescribed with 6-MP+MTX+VD (VCR+Dex) 
and planned for a total period of 2.5 years. The patient 
achieved a good response to prednisone with a significant 

reduction of blasts in the peripheral blood on the 8th day 
of therapy. Bone marrow examination performed on the 
15th day showed complete remission (CR) of the bone 
marrow by morphological examination. Flow cytometry 
of the bone marrow aspirate showed that the minimal 
residue disease was less than 0.01%. The bone marrow 
of the patient remained in CR during the time of che-
motherapy. No life-threatening infections or complications 
were observed.

Eight months after the initiation of chemotherapy and 
just prior to the start of maintenance therapy, the patient 
developed fever, skin nodules in both upper arms, and 
bilateral testicular enlargements. Both morphological and 
flow cytometry examination of the bone marrow per-
formed at this time were negative. Biopsies of the skin 
and testes were performed. Histological examination of 
testicular tissues showed massive infiltration of tumor 
cells. IHC examination of the cells revealed positive stain-
ing for lysozyme, CD33, MPO, and Ki-67 (>95+), and 
negative staining for CD7, PAX-5, CD34, TdT. 
Histological examination of skin tissue showed massive 
proliferation of tumor cells. IHC of these cells revealed 
positive staining for lysozyme, MPO, CD33, Ki-67 (>95% 
+), CD4 (mild), and negative staining for CD3, CD7, 
CD20, PAX-5, CD117, CD163, CD123, TdT, CD30, 
ALK. These results suggested MS of the skin and testes. 
NGS examinations of the skin and testicular samples 
showed mutations of both the KRAS (c.436G>A, p. 

Figure 2 Flow cytometry plots of the bone marrow at the time of diagnosis showed blasts (CD45−) that stained positive for CD10, CD19, CD79a, TdT, and MPO, and 
negative for CD34, CD20, IgM.
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A146T) and NRAS genes (c.35G>A, p.G12D). Positron 
emission CT examination showed nodular lesions with 
increased uptake of 18F-fluorodeoxyglucose (18F-FDG) 
in both testes. In addition, increased 18F-FDG uptakes 
were observed in the cervical vertebra, thoracic vertebra, 
and the right back ribs, suggesting metastasis to the bones.

The patient was subsequently given high-intensity che-
motherapy consisting of etoposide, Ara-C, and DNR. After 
two cycles of chemotherapy, he received haploidentical 
hematopoietic stem cell transplantation. His mother served 
as the donor. Unfortunately, this patient did not survive 
due to severe graft-versus-host disease and other compli-
cations following the transplant.

Discussion
MS is commonly seen in conjunction with, or during 
relapses of AML, myeloproliferative neoplasm, and mye-
lodysplastic syndrome. MS may be observed in up to 40% 

of children with AML.1,8,9 However, the incidence of MS 
remains low within the general oncology pediatric popula-
tion. MS complicated with acute lymphoblastic leukemia 
or lymphoma only has been identified rare cases,2,3,10,11 

most of which were initially misdiagnosed as non- 
Hodgkin’s lymphoma. Thus, extensive evaluations were 
required to overcome the challenges in diagnosing MS 
complicated with other diseases, especially among those 
without bone marrow involvement.

In the present case, the key presenting abnormalities of 
the patient were the enlarged cervical and inguinal lymph 
nodes. Masses were not observed at other sites. Blasts 
comprised 20% of the total bone marrow cells and 
expressed markers for B cell blasts, including CD19, 
CD79a, and PAX5. The patient’s lymph node biopsy 
results also featured typical histological characteristics of 
lymphoblastic lymphoma, including the expression of 
CD10, CD79a, and TdT. An unusual finding of this case 

Figure 3 Cytogenetic examination of the bone marrow aspirates showed abnormal karyotype of 46, XY, −9, der (16) t (9; 16) (q13; q12), +mar. Analysis of chromosomes 
showed a deletion of chromosome 9 (red box), translocation of chromosome 9 and 16 (arrow) that formed a derivative chromosome (circle).
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was the strong reaction of MPO, a typical myeloid marker 
identified in the lymph node by immunohistochemistry. 
MPO was also detected at low level in the blasts by flow 
cytometry. Another pan-myeloid marker, CD13, was par-
tially demonstrated in the bone marrow by flow cytometry 
(not shown). However, this is a pan-myeloid marker com-
monly seen in B-ALL, especially for B-ALL that involves 
the translocation of chromosomes 9 and 22 and fusion of 
BCR/ABL1 genes.12,13 Other myeloid associated markers 
including CD15 and CD117 were not expressed. 
Expression of monocytic markers including CD14 and 
CD64 was not observed. In fact, MPO expression could 
be observed in up to 22% of pediatric BALL patients.14 

Another concern in the diagnosis of this patient was the 
use of methylprednisolone before admission that might 
have lysed part of the blasts. Thus, the percentage of blasts 
in the bone marrow (15%) could have been underestimated 
hence suggestive of a diagnosis of mixed phenotypic acute 
leukemia (MPAL) according to the 2016 WHO guideline. 
However, based on the existing evaluations of the bone 
marrow and lymph nodes, a diagnosis of BLBL with MPO 
expression was considered for this patient.

The cause of MS in this patient remains uncertain. An 
important aspect of this case was the mutation of both the 
NRAS and KRAS genes. Concurrent mutations of both 
NRAS and KRAS gene have rarely been reported because 
these mutations are often mutually exclusive. This is because 
additional mutations of the RAS genes would not escalate the 

discomposed RAS signaling pathway.15 However, the pre-
sence of both NRAS and KRAS mutations has been pre-
viously identified in few pediatric BALL patients.16 In this 
case, both NRAS and KRAS mutations were detected at 
initial diagnosis and at the development of MS. Moreover, 
NRAS and KRAS genes participate as part of the receptor 
tyrosine kinase (RTK)-RAS pathway.5,17 Recent genomic 
studies reveal that mutations associated with the RTK-RAS 
pathway are frequently observed in pediatric patients with 
B-ALL and are probably more prevalent in the Chinese 
population.15,16,18 Although mutations of RAS genes have 
been shown associated with poorer outcomes in pediatric 
ALL, AML, MPAL, and infant leukemia patients, the asso-
ciation of RAS mutations and patient prognosis remains 
undefined, warranting larger cohort studies.15,19

In this case, MS was identified approximately eight 
months after the initiation of chemotherapy. A plausible 
explanation is that MS developing at extramedullary sites 
requires more oncogenetic mutations.9 The high-intensity 
chemotherapy given to this patient may have accelerated the 
mutations that led to the development of MS as a second 
tumor.20–24 This patient had the abnormal chromosomal 
karyotype of 46, XY, −9, der (16) t (9; 16) (q13; q12), 
+mar. However, no evidence suggests that this chromoso-
mal abnormality contributes to an increased susceptibility to 
oncogenic clonal evolution. Whether these chromosomal 
abnormalities increased the risk for the development of 
secondary tumors requires further investigation.

Figure 4 Histological examination of the cervical lymph node biopsy of the left neck showed uniformly small to intermediate-sized cells by hematoxylin and eosin (H & E) 
staining. Immunohistochemistry examination showed strong positive staining for CD10, CD79a, TdT, Ki-67 (>85%), PAX5, and myeloperoxidase, and partial staining of 
CD20.
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Another hypothesis of the cause of MS was the cross- 
lineage transdifferentiation of B cell progenitors in BLBL to 
MS. In adults, transdifferentiations of BALL or other lym-
phoid progenitors into neoplasms of other lineage such as 
histiocytic sarcoma/leukemia have been reported in few 
cases.25–28 Transdifferentiations between neoplasms of 
tumor cells from other lineages have also been reported in 
sporadic adult cases.29,30 Most of these patients feature chro-
mosomal and genetic abnormalities including the mutation of 
RAS genes. The presence of NRAS and KRAS genes and the 
expression of MPO may suggest the potential of transdiffer-
entiation of B cells into myeloid blasts. However, transdiffer-
entiation of BLBL to MS has not been reported in pediatric 
patients and needs further investigations.

Conclusions
In conclusion, we report a boy who developed MS after 
chemotherapy for BLBL after a period of approximately 
eight months. The exact mechanism of the development of 
MS in this patient remains uncertain. A diagnosis of BLBL 
was considered despite the expression of myeloid marker 
MPO. This patient exhibited certain cytogenetic abnormal-
ities, but fusion genes were not presented. NGS evaluations 
revealed mutations of both NRAS and KRAS genes that may 
contribute to the genetic origin of MS. Therefore, under-
standing the mechanisms of the development of MS in this 
patient may help with the prediction of prognosis and the 
creation and advancement of therapeutic strategies for tar-
geted treatments, and prevention of secondary malignancies.
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