
 

 

Introduction  
 
Lymphoblastic lymphoma (LBL) is a distinct 
category of non-Hodgkin lymphoma derived 
from a lymphocytic precursor. It was first discov-
ered by Sternberg [1] and clinically character-
ized by Cooke [2]. Only 4% of the non-Hodgkin 
lymphomas are considered to be LBLs and the 
majority of them has a thymic T-cell origin [3]. 
Sheibani et al [4] classified the LBLs into five 
subgroups based on their immunophenotype: 1. 
T-LBL (expression of only T cell-associated anti-
gens); 2. T-LBL with expression of common 
acute lymphoblastic leukemia antigen 
(expression of T-associated antigens with 
CD10); 3. Natural killer (NK)-LBL (expression of 
CD16 with or without T-associated antigens; 4. 
Pre-B-LBL (expression of CD24 without T-
associated antigen); 5. B-LBL (expression of 

monoclonal surface membrane immunoglobu-
lin, IgM, without terminal deoxynucleotidyltrans-
ferase (TdT)). 
 
Recently, following the discovery of further phe-
notypic markers and new antibodies, a more 
detailed immunophenotypic analysis has be-
come possible and new entities have been pro-
posed [5]: 1. CD7+ blastic stem cell leukemia (a 
pluripotent stem cell malignancy) [6]; 2. Blastic 
NK cell lymphoma (own entity in the new WHO 
classification of lymphomas) [7]; 3. Myeloid NK 
cell precursor cell leukemia (derived from a 
myeloid antigen-positive precursor preceeding a 
NK cell precursor) [8]; 4. CD4+ CD56+ hemato-
dermic lymphoma (derived from precursor cells 
related to plasmacytoid monocytes) [9]. All of 
these subtypes share an aggressive clinical 
course with rapid systemic involvement and a 
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Abstract: Attempts to establish a concise classification of lymphoblastic lymphomas (LBLs) have gained momentum 
in recent years, mainly due to the expanding possibilities of immunohistochemical and genetic characterization of 
different disease entities. Thus, cases of immature lymphoid malignancies with unusual immunopathological features 
have been reported during the last years, suggesting the need for new LBL classification concepts. To further charac-
terize and demonstrate the extended spectrum of LBL, we present an unusual pediatric case of LBL that could not be 
categorized into one of the subgroups and exhibited a benign course after surgical treatment and subsequent chemo-
therapy. A mediastinal tumor of a 6-year-old Caucasian boy was examined by clinical staging, light microscopy, immu-
nohistochemistry and PCR assays. The tumor cells reacted with TdT and had a positive cytoplasmic immunoreactivity 
for CD3. Further T– aand NK-cell markers CD1a, CD4, CD8, CD10, and CD56 reacted positively, but CD57, CD16 and 
CD 30 (Ber H2) were all negative. CD34 as a marker for bipotential B/T-precursors was also positive. B cell markers 
(CD20, CD22, Cd79a and IgM) were all negative. No clonal B cell Ig or T cell gamma chain rearrangements were de-
tectable. Epstein Barr virus and other Herpes Virus DNA were not detected using a sensitive PCR assay. The applied 
chemotherapy was tolerated well and a complete remission of the tumor was achieved (observation period three 
years after the initial diagnosis). Localization, morphology, and the expressions markers made the tumor a typical 
member of the LBL group. However, our case represents a rare pediatric lymphoma derived from a thymic precursor 
committed to T/NK-cell differentiation and a favourable outcome after chemotherapy. 
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poor prognosis. The close relationship between 
T-cells and NK-cells in the fetal thymus has 
been vigorously studied and there is common 
agreement that within human fetal thymocytes 
there is a population of T-cell/NK-cell (T/NK) 
bipotential progenitors with the ability to differ-
entiate into T cells and NK cells through further 
separate precursors [10-12]. These bipotential 
progenitors can be characterized by the pheno-
type of CD3+, CD7+, CD13+, CD33+, CD34+, 
CD38+, HLA-DR+/-, CD2+/-, CD5+/-, CD28+/-, 
CD1-, no T cell receptor (TCR) gene rearrange-
ment or CD56/CD16 expression [13]. Here, we 
describe a rare pediatric case of LBL with simi-
lar pheno/genotype of committed T/NK cell pre-
cursors and a surprisingly favorable prognosis 
after surgical treatment and subsequent che-
motherapy.  
 
Case history 
 
A 6-year-old previously healthy boy presented 
with oligoarthritic joint pain, fever of 38°C and 
weight loss. Chest x-ray showed significantly 
enlarged mediastinal lymph nodes. Computed 
tomography and magnetic resonance imaging 
(MRI) revealed a 6x5x3cm mass in the anterior 
mediastinum compressing the Vena cava supe-
rior. Further physical examination, bone marrow 
biopsy, and scintigraphy revealed no evidence 
of bone marrow involvement.  
 
Lymph node extraction near the M.sternocleido-
mastoideus and subsequently pathological ex-
amination showed an unspecific lymphadenitis. 
The thereafter performed thoracotomy dis-
closed a solid tumor mass caudal of the thymus 
extending to the jugulum and infiltrating the 
vena cava superior through the right atrium. The 
tumor and parts of the vena cava were re-
sected, yielding a macroscopic R0 resection. 
Without suffering from postoperative complica-
tions the patient received a polychemotherapy 
according to the NHL-BFM 95 protocol [14]. The 
chemotherapy was tolerated well and a com-
plete remission of the tumor was achieved. 
Regular follow-ups during an observation period 
of three years showed no recurrence of the tu-
mor until now.  
 
Materials and methods 
 
Immunohistochemical analysis was performed 
on Formalin-fixed, paraffin-embedded tissue 
sections. Immunostaining was done with the 

following monoclonal antibodies: CD1a, CD8, 
CD20, CD22, CD79a, CD56, CD30, MIB1(Dako, 
Glostrup; Denmark), c-Kit, TdT, CD2, CD4, CD3, 
CD5, CD16, CD34, CD43, Granzyme B 
(Novocastra, Newcastle; UK), TIA-1 (Coulter, 
Hialeah; USA), CD57 (Becton-Dickinson, San 
Jose; USA). Antibody binding was visualized us-
ing the Envision System (Dako, Glostrup; Den-
mark) system as described by the manufac-
turer. Herpes Virus, TCR gene rearrangement 
and B cell clonality PCR assays were performed 
as published previously [15-17].   
 
Pathologic and immunohistochemical findings 
 
Macroscopically, the specimen removed from 
the anterior mediastinum was a 7x6x4cm tumor 
with pseudo capsule. On the cut surface, the 
tumor was heterogeneous with yellow and white 
areas. Histologically, the tumor consisted of 
diffuse and monotonous proliferation of round 
or polyhedral - shaped lymphoid cells sur-
rounded by a pseudo capsule and abundant 
necrosis. The chromatin was finely dispersed 
within the nucleus. Marginally, normal thymus 
tissue was resected, infiltrated by single tumor 
cells.  
 
The tumor cells were positive for TdT, cytoplas-
mic immunoreactivity for CD3 and the cytotoxic 
effector molecule TIA-1. Granzyme B was nega-
tive. Membranous CD3 reactivity was not de-
tectable. Of the typical T cell differentiation 
markers CD1a, CD4, CD8 and CD10 reacted 
positively. CD34 as a marker for bipotential B/T-
precursors was also positive.  
 
The NK cell markers CD56 and CD2 were posi-
tive within the tumor cells, but CD57 and CD16 
were all negative, suggesting an immature NK 
cell phenotype [18]. CD 30 (Ber H2) was nega-
tive. The proliferation fraction (MIB-1 index) was 
about 80%. B cell markers (CD20, CD22, 
CD79a and IgM) were all negative. No clonal B 
cell or T cell gamma chain rearrangements were 
detectable. Epstein Barr virus and other Herpes 
Virus DNA were not detected using a sensitive 
PCR assay [15]. Results of the immunohisto-
chemical and PCR assays are summarized in 
Table 1 and Figure 1.  
 
Discussion 
 
The anatomical site of the tumor in the anterior 
mediastinum, the lack of any other tumor foci 
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Figure 1: A) HE (1:200) showing a diffuse and monotonous proliferation of round or polyhedral shaped lymphoid cells. 
B) TdT (1:200). C) CD3 (1:200) showing a cytoplasmic staining pattern. D) CD8 (1:200). E) TIA-1 (1:400). F) CD-34 
(1:200). G) CD-4 (1:200). H) CD-10 (1:400). I) CD-56 (1:400). J) Pan-Cytokeratin (1:400).  
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and the expression of TdT suggested that it 
originated from the thymus. Based on this and 
the histological appearance of the tumor cells 
resembling lymphoblasts (monomorphic, me-
dium seized cells with high N/C ratio and finely 
dispersed chromatin) we classified the tumor as 
LBL. Furthermore, the tumor combined immuno-
phenotypical characteristics of a blastic/
immature with a mature lymphoma. The lym-
phoblasts exhibited a unique set of markers, 
combining features of the T cell lineage with 
features of NK cell precursors. The coexpres-
sion of CD1a, CD4 and CD8 suggested a T cell 
precursor similar to the so called early double 
positive cells (EDP) by the model of Res and 

Spits [12], but without demonstrating the rear-
rangement of the TCR gamma, which is nor-
mally present at this stage [19]. TdT, CD3 and 
CD34 are antigens commonly expressed by 
cells at an early developmental stage, the anti-
gen CD34 disappears when cells differentiate 
from bipotential T/NK progenitors to precursors 
of T or NK cells [13, 20]. Interestingly, the tumor 
cells in our case still expressed CD34.  This sug-
gests that, phenotypically, the lymphoma cells 
did not fully progress out of the stage of the 
bipotential T/NK progenitors.  
 
Besides, the neoplastic cells coexpressed NK 
cell lineage features (CD2, CD56)[21, 22]. 

Table 1. Immunophenotypic results and PCR analysis of lymphoma cells. cCD3: cytoplasmic cCD3, mCD3: 
membranous CD3 

Class of markers Marker +/- 
Immaturity markers C-Kit - 
  TdT + 
  cCD3 + 
      
Markers of bipotential precursors CD34 + 
      
NK cell marker CD2 + 
  CD16 - 
  CD56 + 
  CD57 - 
      
T cell marker CD1a + 
  mCD3 - 
  CD4 + 
  CD5 - 
  CD8 + 
  CD10 + 
  CD30 - 
  TCR rearrangement polyclonal 
      
B cell markers CD20 - 
  CD22 - 
  CD30 - 
  CD79a - 
  IgM - 
  Ig clonality (CDR 3) polyclonal 
      
Cytotoxic markers TIA-1 + 
  Granzyme B - 
      
Epithelial marker Pan-CK - 
      
Proliferation index MIB-1 ≥80% 
      
Herpesvirus-PCR   - 
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Based on these findings, it appears that the 
lymphoma cells of this case have differentiated 
towards NK cells, although they were negative 
for CD16 or CD57. But CD16 and CD57 are not 
clearly associated with NK-cell precursors ac-
cording to the model of NK cell development 
[23]. However, the expression of CD56 is not 
common in malignant lymphomas and usually 
identifies a group of lymphomas with distinctive 
clinicopathologic features. These lymphoma 
commonly affects middle-aged adults present-
ing with fever, skin rash, hepatosplenomegaly 
and an association with EBV infection [24].  
 
Our case did not fit into this group of NK lym-
phomas due to the following features: (1) the 
histologic and cytologic appearance was that of 
a LBL, confirmed by expression of TdT with lym-
phoblastic morphology, (2) EBV DNA was not (3) 
azurophilic cytoplasmic granules were not found 
(4) the phenotype is that of T precursor cells, 
and (5) the age of the patient.  
 
A possible relationship with a T-cell lymphoma 
seemed unlikely since a TCR rearrangement, 
cutaneous lesions or hepatosplenomegaly were 
not detected. Although cases of LBL with com-
bined T and NK cell features have already been 
published [25, 26], this case of a thymic lym-
phoma is unique by combining the features of 
different developmental stages and lineages as 
well as the pediatric age of the patient.  
 
We conclude that our case represents a novel 
pediatric lymphoma derived from a thymic pre-
cursor committed to T/NK-cell differentiation 
with a favourable outcome after postoperative 
adjuvant chemotherapy. 
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