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Kikushige et al. reached a similar concept in 2011, using 
a biological approach. They found that HSCs isolated from 
chronic lymphocytic leukemia (CLL) patients can engraft 
and develop a lymphoproliferative condition, and further, 
CLL-like disease in immunodeficient mice when trans-
planted [4]. The genetic basis of such HSCs was recently 
described by Damm et al. actualizing the presence of HSCs 
that are in a pre-leukemic state [5]. Kikushige summarizes 
this, also referring to some other lymphoid neoplasms.

Malignant lymphomas are cancers of lymphoid tis-
sues, with only an occasional invasion to the bone mar-
row. Naturally, the origin of tumor cells has been pos-
tulated to be various kinds of mature lymphocytes. 
Nevertheless, the mutations found in the lymphoma 
tissues were also discovered in apparently normal bone 
marrow or variously differentiated blood cells, or in 
MDS cells in the same patients [6–8]. Particularly, inde-
pendent groups reached this conclusion in peripheral T 
cell lymphoma cases. The clonal origin of some lympho-
mas may lie at the hematopoietic stem cell level. Sakata-
Yanagimoto will tell us the story of pre-lymphoma cells.

In 1949, a small number of patients with anemia and pre-
disposition to acute myeloid leukemia (AML) were referred 
to as “pre-leukemic anemia [1].” These patients were to be 
diagnosed as myelodysplastic syndromes (MDS), based on 
the present concept. The term “pre-leukemia” since then 
has been used to imply MDS in most documents, while 
chronic phases of chronic myeloid leukemia (CML) and 
myeloproliferative neoplasms (MPN) have also been char-
acterized as pre-leukemia in more limited contexts.

A change has been brought by the introduction of sec-
ond-generation sequencing technology. In 2012, Jan, et al. 
reported the presence of clonal hematopoietic stem cells 
(HSCs), having mutations in selected genes in the bone 
marrow of de novo AML patients achieving a complete 
remission [2]. Additional evidence conveyed by Shlush, 
et al., who used a xenogeneic transplant model, further 
indicated that de novo AML often has a pre-leukemic phase 
without any clinical manifestations [3]. Shlush reviews 
this tale. He further discusses currently expanding con-
cept interconnecting aging, clonal hematopoiesis, and 
preleukemia.
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A concept of pre-leukemia/pre-lymphoma is illustrated 
in Fig. 1.
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Fig. 1  Concept of pre-leukemia/pre-lymphoma
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