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Adult T-cell leukemia/lymphoma (ATL) is a disease with a poor prog-
nosis that occurs in patients with HTLV-1 infection and is classified
according to the Shimoyama classification into smoldering, chronic,
lymphoma, and acute types [1]. The disease may transform from the
smoldering type, which simply requires careful monitoring, to the acute
type, which requires immediate treatment [2, 3]. The pathological
mechanisms of acute transformation of ATL have not been sufficiently
elucidated, except in some limited cases in which the acquisition of
novel mutations to the dominant clones conferred survival fitness in
the acute phase [3--5]. This type of clonal change is referred to as lin-
ear evolution, and accumulated genetic and/or epigenetic alterations
are assumed to contribute to the stepwise progression of the disease.
Here, we present the case of a middle-aged patient with ATL that had
transformed from smoldering to acute type, with branched evolution of

subclones, in the space of approximately one year.

The case is a 40-year-old man whose mother had developed ATL;
and had been tested for HTLV-1 antibodies, which revealed infection
with HTLV-1. At this point, the patient had 15% abnormal lymphocytes
in peripheral blood and was diagnosed with smoldering ATL. The
targeted sequencing of CD4+ CADM1+ cells in this phase revealed
a TET2-mutated clone, with subclones with additional mutations in
TRIM60, PLCG1, and VAV1 (Figure 1C,D). The patient was followed up
regularly for blood testing; after 14 months, headache, facial paralysis,
and disturbed consciousness were observed. A detailed examination
revealed that the patient had developed acute type ATL with central
nervous system involvement. At that time, both the cytoplasm and
nuclei of the ATL cells were larger compared with those seen when
the patient had smoldering-type ATL and almost all CD4+ cells in the
peripheral blood were CD7- CADM1+ (Figure 1A,B). The cells from

this fraction were subjected to next-generation sequencing analysis.
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FIGURE 1

Differences between smoldering- and acute-type adult T-cell leukemia/lymphoma (ATL) in this case. (A) Representative images of

micrographs, (B) Representative plots of flow cytometry, (C) A fish plot, according to the variant allele frequency (VAF) of each mutation at each
time point, (D) A summary of the information for each of the mutated genes.

Although the TET2 mutation consistently constituted the major clone,
increasing from 55% (smoldering-type phase) to 93% (acute type
phase), by variant allele frequency, the subclones had been completely
replaced (Figure 1C,D).

In this case, we demonstrated that the clinical progression of ATL

from smoldering- to acute type was accompanied by a clonal change

in tumor cells. TRIM60- and PLCG1-mutated subclones observed in
the smoldering phase were expelled and completely substituted in
the acute phase by a novel subclone with mutations in RHOA, PRKCB,
CARD11, and IRF4, with a common parental clone with TET2 muta-
tion. We assumed that RHOA p. K18N was pathogenic, as this locus is
next to the hotspot site (G17) and has been registered in the COSMIC
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database. The newly detected subclone featured properties associ-
ated with poor prognosis. In mouse models, CARD11 mutations are
known to be involved in the oncogenicity of ATL [6], and cases of
ATL with IRF4 or PRKCB mutations are reported to have a signifi-
cantly worse prognosis [7, 8]. Thus, this case directly illustrates that
genetic mutations have various oncogenicities. The subclones with
mutated TRIMé6 and PLCG1 have proliferative potential but are sub-
stituted by subclones with mutated RHOA, PRKCB, CARD11, and IRF4,
which directly transform HTLV-1 infected cells into the aggressive
phenotype. This branched evolution constitutes one of the mech-
anisms of disease progression and acute transformation. Our case
illustrates that transformation mechanisms are diverse, with branched
evolution being one of them. This diversity implies a limited role for
initial genetic profiling in predicting long-term outcomes. We, there-
fore, recommend placing an emphasis on repeated genetic testing,
especially in cases that experience disease progression, as poten-
tial therapeutic targets may change during this progression. This will
take on greater importance in the era of more extensive molecular-
targeted therapy. Further studies are warranted to reveal genetic
mutations that confer aggressive properties to HTLV-1-infected

cells.
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