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P®F-THKS5351 Positron Emission Tomography Clearly
Depicted Progressive Multifocal Leukoencephalopathy after
Mantle Cell Lymphoma Treatment
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Abstract:

An 84-year-old Japanese woman presented with left hemiplegia 8 months after completing chemotherapy
for mantle cell lymphoma. Brain magnetic resonance imaging (MRI) revealed a hyperintense lesion extending
from the right parietal lobe to the left parietal lobe. Compared with these MRI results, “F-THK5351 PET re-
vealed more extensive accumulation. A brain biopsy showed progressive multifocal leukoencephalopathy
(PML). Immunohistochemistry and John Cunningham virus (JCV) DNA-polymerase chain reaction indicated
JCV infection. Therefore, a diagnosis of PML was made. "F-THK5351 PET, indicative of activated astro-
cytes, clearly depicted PML lesions composed of reactive and atypical astrocytes. “F-THK5351 PET may
capture fresh progressive PML lesions better than MRI.
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Introduction

Mantle cell lymphoma (MCL) is a B-cell tumor that ac-
counts for 5-7% of non-Hodgkin lymphomas (1). If central
nervous system (CNS) involvement occurs after a patient is
treated for MCL, the potential development of progressive
multifocal leukoencephalopathy (PML) and brain recurrence
of MCL should be considered, as both the lymphoma itself
and the drugs used to treat MCL are risk factors for the de-
velopment of PML (2). Although histologic findings are
necessary to differentiate between MCL and PML, positron
emission tomography (PET) findings reflecting lesion char-
acteristics might help achieve the diagnosis.

We herein report a patient with rapidly progressing CNS

involvement observed under conditions of persistent lym-
phopenia eight months after the completion of bendamustine
+ rituximab combination (BR) therapy and rituximab main-
tenance therapy for MCL. "F-THK5351 PET showed the
marked accumulation of "F-THKS5351, which was consistent
with the appearance of pathologically confirmed reactive
and atypical astrocytes (including bizarre astrocytes). This
report is the first to confirm that the accumulation of “F-
THKS5351 on PET enables the identification of critical le-
sions in PML.

Case Report

An 84-year-old Japanese woman developed MCL and was
treated for 6 months with BR therapy, followed by 21
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Figure 1.

Brain MRI on day 4 (A, B) and 44 (C-E) after the onset. A, C: DWI showed intense hy-

perintensity at the edges of the lesion (arrows). B, D: FLAIR images revealed hyperintensity through-

out the lesion. The lesion at the onset was confined to the upper right parietal lobe (A, B) and there-

after descended from the upper right parietal lobe and extended through the corpus callosum to the

left parietal lobe (C, D). E: Gadolinium enhancement on T1-weighted imaging was not observed. PET
imaging with ®F-fluorodeoxyglucose (FDG) (F), "'C-methionine (MET) (G), "*F-fluoro-3’-deoxy-3"-
L-fluorothymidine (FLT) (H), *F-fluoromisonidazole (FMISO) (I), and *F-THK5351 (J). Of these,
only ¥F-THK5351-PET demonstrated a marked accumulation of *F-THK5351 consistent with the
lesion on MRI. Panels F-J are merged PET and CT images.

months of rituximab maintenance therapy. Eight months af-
ter completing the treatment, she developed mild weakness
in the left upper and lower extremities [Medical Research
Council (MRC) scores, 4/5]. Brain magnetic resonance im-
aging (MRI) revealed hyperintensity confined to the right
parietal lobe on diffusion-weighted imaging (DWI) and
fluid-attenuated inversion recovery (FLAIR) images (Fig. 1).

Despite treatment based on a diagnosis of cerebral infarc-
tion, the patient’s left-sided weakness progressively wors-
ened, and the lesion was observed on MRI. On day 40, the
patient was transferred to our hospital. Her body tempera-
ture was 36.7°C, blood pressure was 115/67 mmHg, and
pulse rate was 72 beats/min. She was awake and alert. Left
facial paralysis, mild dysarthria, and tongue deviation to the
left side were observed. The left upper and lower extremities
were completely paralyzed. The tendon reflexes were exag-
gerated in the left upper and lower extremities, and the left
plantar response was extended. Superficial sensory distur-
bances were observed on the left side of the body. Other
than lymphopenia (511/uL) and a slightly elevated soluble
interleukin-2 receptor level (716 U/mL), routine blood test
results were unremarkable. The HIV antibody test results
were negative.

Brain MRI on day 44 showed a lesion expanding acutely
from the right to the left parietal lobe through the corpus
callosum, which was hyperintense on FLAIR images and
hypointense on T1-weighted imaging (T1-WI), showing no
gadolinium enhancement on T1-WI. Hyperintensity on DWI

was observed at the edges of the lesion (Fig. 1). A series of
PET studies were performed between days 40 and 50. "F-
fluorodeoxyglucose (FDG)-PET showed no abnormal accu-
mulation of FDG in the parietal lobe lesion, whereas ''C-
methionine (MET)-PET showed subtle "C-MET accumula-
tion in part of the lesion margin. "“F-fluoro-3’-deoxy-3"-L-
fluorothymidine (FLT)-PET showed a slight accumulation.
"F-fluoromisonidazole (FMISO) showed no abnormal accu-
mulation.

In contrast, "F-THK5351 PET demonstrated the marked
accumulation of "F-THKS5351, which was consistent with
the lesion on MRI. The uptake of "F-THK5351 appeared to
extend beyond the hyperintense lesions on FLAIR and be-
yond the hyperintense lesion edges on DWI (Fig. 1).

A biopsy of the lesion site with the highest "F-THK5351
uptake was performed on day 55. A triad of classic PML
was observed: demyelination, oligodendroglia with enlarged
hyperchromatic nuclei, and atypical astrocytes, including en-
larged, bizarre astrocytes with irregularly lobulated nuclei.
The immunohistochemistry results for John Cunningham vi-
rus (JCV) VP1, JCV VP2/3, and JCV agnoprotein were
positive, indicating JCV infection (Fig. 2). JCV DNA po-
Iymerase chain reaction (PCR) revealed 6,880 copies/cell in
the biopsy specimen and 802 copies/cell in the cerebrospinal
fluid (CSF). CSF findings showed slightly elevated protein
(60 mg/dL) with pleocytosis (mononuclear cells 13/uL,
polynuclear cells <1/uL) and markedly increased total tau
(T-tau) (1,320 pg/mL; normal range: 146-410 pg/mL) but
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Figure 2. Histopathology with the patient’s brain biopsy. Oligodendroglia with enlarged hyper-
chromatic nuclei (arrow) (A) and atypical astrocytes (arrowheads), including bizarre astrocytes with
irregularly lobulated nuclei, as well as reactive astrocytes and macrophage foam cells (B), were ob-
served (Hematoxylin and Eosin staining). Demyelination (C) was observed (Kliiver-Barrera stain and
immunohistochemistry for neurofilament). Immunohistochemistry of JCV protein was positive for
VP1 in the nuclei and cytoplasm (D), JCV VP2/3 in the nuclei (E), and JCV agnoprotein in the cyto-

plasm (F). Scale bars: 50 pm.

not phosphorylated tau (P-tau) (39.2 pg/mL; normal range:
21.5-59.0 pg/mL). A diagnosis of definite PML was made
based on the histopathological triad of the detection of JCV
protein and JCV DNA (2).

On day 76, combination therapy (mefloquine and mir-
tazapine) was initiated, but the patient’s neurological symp-
toms and MRI findings remained unchanged. On day 132, a
JCV DNA PCR analysis of her CSF revealed 853 copies/
cell. Lymphopenia (CD4+ T lymphocyte count, 120/uL) per-
sisted. On day 147, the patient was transferred to another
hospital for rehabilitation.

Discussion

PML is caused by the reactivation of JCV due to CD4+
T-cell deficiencies. The most striking risk factors for PML
are particular underlying diseases, such as HIV infection,
hematologic malignancy, natalizumab use, and other im-
munosuppressed states (2). An increasing number of drugs
have been associated with the risk of PML (2). In our pa-
tient, prolonged and sustained CD4+ T-cell deficiency due to

BR and rituximab maintenance therapy for MCL might have
caused the onset of PML (3, 4).

The long-term use of drugs associated with PML risk and
the edges of lesions with restricted diffusion on MRI (5)
suggested PML in our patient rather than intra-CNS recur-
rence of MCL or glioblastoma. As a preliminary examina-
tion prior to a histological examination, PET might provide
useful information to differentiate PML from other disor-
ders. The FDG uptake in PML lesions is low, regardless of
whether they are active or inactive, reflecting poor inflam-
matory cell infiltration into PML lesions and decreased glu-
cose metabolism. Notably, PMLs with immune reconstruc-
tion inflammatory syndrome (IRIS) can have a high FDG
uptake. Thus, FDG-PET does not appear to be a useful im-
aging modality for making a PML diagnosis (6). In contrast,
""C-MET-PET shows an increased uptake around a PML le-
sion, reflecting protein synthesis during JCV replication and
nuclear inclusion body formation in JCV-infected cells at the
lesion margins (7). FLT-PET and 4’-[methyl-""C] thio-
thymidine (4DST)-PET, which reflect the activation of DNA
synthesis and cell proliferation as in malignancy, do not
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show a clear uptake in PML (8).

The radiotracer *F-THK5351 binds to both tau aggregates
and monoamine oxidase B (MAO-B) expressed on the outer
mitochondrial membrane of astrocytes. In our patient, there
was a marked increase in CSF T-tau without an increase in
CSF P-tau, suggesting that severe neuronal damage not as-
sociated with tau formation occurred (9). As changes in
MAQO-B activity are an indicator of activated astrocytes, it is
likely that the "F-THKS5351 uptake reflects astrogliosis in
disorders such as post-stroke Wallerian degeneration, multi-
ple sclerosis, and PML (10). The "F-THK5351 uptake in
our patient’s case may therefore reflect astrogliosis rather
than tau aggregates. However, the concordance between "F-
THKS5351 uptake and astrogliosis in these diseases has not
been confirmed histologically. In our patient, tissue obtained
from the site with the highest "F-THK5351 uptake clearly
demonstrated the presence of reactive and atypical astro-
cytes, including bizarre astrocytes. This finding is the first
evidence that "F-THK5351 does indeed reflect critical le-
sions in PML. However, primary lymphomas of the CNS do
not appear to show a "“F-THK5351 uptake (11). “F-THK
5351-PET might therefore be a useful imaging modality for
differentiating PML from recurrent lymphoma, especially in
conditions following the use of drugs associated with PML
risk.

In the present patient, the "F-THK5351 uptake extended
beyond the lesion, as detected by both DWI and FLAIR im-
ages. It is thought that restricted diffusion at the leading
edges of expanding lesions results from the swelling of dy-
ing oligodendrocytes and astrocytes (5). Since JCV replica-
tion is observed primarily in astrocytes rather than oligoden-
drocytes (12), the outermost layer of the "F-THK5351 up-
take extending beyond restricted diffusion might reflect the
activated astrocytes associated with JCV replication. Thus,
the "F-THK5351 uptake might better capture fresh lesions
at the interface between PML lesions and normal tissue than
MRI

Several limitations associated with the present study war-
rant mention. First, some degree of reactive astrogliosis is
expected in many CNS diseases, such as post-stroke Walle-
rian degeneration and multiple sclerosis (10); thus, the “F-
THKS351 uptake is not specific to PML. Second, patient
background factors (underlying disease, treatment history,
and degree of IRIS) might influence the results of PET, in-
cluding PET using FDG or "F-THK5351; for example,
PML patients with IRIS can show a high FDG uptake (6). It
should be noted that the differences in the FDG and "“F-
THKS5351 uptake described herein were observed in a pa-
tient with long-lasting lymphopenia (without IRIS) after
completing BR and rituximab maintenance therapy for
MCL.

In conclusion, the gold standard for differentiating PML
from recurrent lymphoma in patients treated for lymphoma
is histopathological findings with the detection of JCV pro-
tein and JCV DNA. In our patient, the uptake region of "F-
THKS351 demonstrated pathological findings of PML (i.e.

reactive astrocytes and atypical astrocytes, including bizarre
astrocytes). The abnormal accumulation of "“F-THK5351
may indicate the probability of a PML diagnosis before a
brain biopsy is conducted, and this might indicate that the
border of JCV replication is now in progress in PML.

Informed consent was obtained from the patient’s family for
the clinical examination (including a series of PET studies) and
for the publication of the patient’s clinical and imaging data.
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