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Figure 2 IFN-a suppressed Tax protein expression before an apparent reduction in HTLV-1 mRNA levels. A. The effects of IFN-a (3000 1U/
ml) on intracellular Tax (top) and Gag (bottom) protein expression in ILT-Hod (left) and ILT-#29 (right) cells was evaluated by flow cytometry on
days 1, 3, and 8 of culture. Cells stained with isotype antibodies served as negative controls. The values inside the dot plots represent
percentages of viral protein-expressing cells, and the relative values in IFN-a-treated (closed bar) against untreated (open bar) samples are shown
in the bar graph. The MFI value of the total cell population is indicated below the dot plots. B. Expression of HTLV-1 mRNA in the same cell
samples prepared in A was evaluated by quantitative RT-PCR using pX (top) and Gag (bottom) primers. Results are standardized and presented as
relative values of IFN-a-treated (closed bar) against untreated (open bar) samples. The means and SD of duplicate samples are indicated. *p <
0.05. C. HTLV-1 proteins (Tax and Gag) and HTLV-1 mRNAs expression in ILT-Hod and ILT-#29 cells were measured 24 h after incubation with
(closed bar) or without (open bar) IFN-a, and the relative values were indicated as the means and SD of three independent experiments. Three
different primer sets (pX, RPX, and Gag) were used to quantify HTLV-1 mRNAs. D. Seven ILT lines from various patients and HUT102 were cultured
with or without IFN-a for 24 h, and the proportions of Tax positive cells (left) and the HTLV-1 mRNA quantified using pX (middle) and RPX (right)
primers were indicated as relative values against the sample without IFN-a. E. Various HTLV-1-infected T cell lines shown in D were cultured with
or without IFN-a for 3—4 days, and viable cell numbers analyzed by a colorimetric assay were indicated as relative values.

inhibitor was not a result of transcriptional regulation,
as HTLV-1 mRNA levels in the cells treated with PKR-
inhibitor were comparable to those with control inhibi-
tor (Figure 3B).

We then assessed PKR mRNA expression in these cell
lines (Figure 3C). Both ILT lines expressed higher levels of
PKR mRNA than HTLV-1-negative Jurkat and MOLT4
cells (Figure 3C). Moreover, IFN-a treatment further in-
creased PKR mRNA expression in ILTs (Figure 3D). These
observations indicated that IFN-a suppressed Tax ex-
pression at translational level via PKR in ILTs, and also
suggested that similar mechanisms might regulate Tax
expression in these cells to some extent without exogen-
ous IFN-a.

Effects of IFN-a and AZT on HTLV-1 expression and cell
growth

Combination therapy with IFN-a and AZT has been
reported to achieve high response rates especially in
patients with smoldering and chronic types of ATL, al-
though patients with acute type ATL frequently relapse
after therapy [13]. Despite favorable clinical responses,
the combination of IFN-a and AZT reportedly shows
minimal effects on the viability of HTLV-1-transformed
T cells in vitro [16]. As we found that IFN-a affected
viral expression in ILT-Hod and ILT-#29 cells in our
system, we then examined the effects of IFN-a and AZT
using these ILTs.

The effects of these drugs on HTLV-1 expression in ILTs
was first evaluated. After three days of incubation, when
IFN-a-mediated suppression of intracellular Tax protein
expression was clearly observed, similar levels of suppre-
ssion were produced by treatment with the combination
of IFN-a and AZT, but not with AZT alone (Figure 4A).

Next, we assessed the effects of these drugs on cell
growth. Treatment of IFN-« alone induced mild suppre-
ssion of cell propagation in one week of culture, while
AZT alone did not. The combination of IFN-a and AZT
showed stronger suppression of cell growth than IFN-«
alone (Figure 4B). The cell cycle analysis indicated that

cells treated with IFN-a alone, but not AZT alone,
accumulated in the GO/G1 phase. Combined AZT/IFN-a
showed a marked increase in apoptotic cell fractions in
both ILT-Hod and ILT-#29 cells (Figure 4C). Expression
of Ki-67 was also suppressed in these cells by treatment
with IFN-« alone or AZT/IFN-a, but not with AZT alone
(Figure 4D).

Therefore IFN-a, but not AZT, induced cell-cycle
arrest and suppression of viral expression, while AZT
combined with IFN-a induced apoptosis in ILT-Hod
and ILT-#29 cells.

Suppression of NF-kB activity by IFN-a treatment

NF-«kB pathway is constitutively activated and plays a
critical role on cell survival in HTLV-1-infected, through
Tax-mediated transactivation and other unknown mech-
anisms [27-29]. We examined the effects of AZT/IFN-«
on NF-kB activity using ILT-Hod and ILT-#29 reporter
cells stably expressing the NF-kB-responsive element re-
porter gene. In both cell lines, NF-«B activity was partly
but significantly suppressed by IFN-a alone or in com-
bination with AZT, but not with AZT alone (Figure 5A).
The reduction in NF-«B activity by IEN-a was also con-
firmed by the decreases in the mRNA levels of vascular epi-
thelial growth factor (VEGEF), one of the NF-«kB-regulated
genes, in both ILTs treated with IFN-a (Figure 5B).

Involvement of p53-signalling in IFN-a/AZT-mediated
apoptosis in ILTs

We finally assessed the effect of IFN-a and AZT on p53
signaling that is known to be impaired in ATL cells [30].
We measured the phosphorylation of p53 in ILTs by
flow cytometry (Figure 6A). The levels of phosphorylated
p53 clearly increased in both ILTs following treatment
with AZT/IFN-a, while IFN-a alone produced minimal
effects.

We also evaluated the activity of the p53 pathway by
measuring mRNA levels of p53-responsive genes, BAX
and p21 (Figure 6B). Levels of BAX and p21 mRNAs
were significantly increased in both cell lines treated
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Figure 3 Involvement of PKR in IFN-a-mediated reduction of Tax protein levels in HTLV-1-infected cells. A. ILT-Hod and ILT-#29 celis were
incubated with or without the PKR-inhibitor (500 nM) or the negative control-inhibitor (500 nM) for the first 2 h, then further cultured for the next
24 h in the presence or absence of IFN-a (3000 IU/ml) as indicated. Flow cytometry was then performed following stained with anti-Tax (open
histogram) and isotype control (closed histogram) antibodies. B. HTLV-T pX mRNAs in the same samples prepared in A were quantified by RT-PCR
using two different primer sets (RPX; black bar, and pX; gray bar), standardized to GAPDH mRNAs, and the relative values were indicated as the
means and SD of duplicate samples. C. PKR mRNAs in ILT-Hod, ILT-#29, and HTLV-1-negative Jurkat and MOLT4 cells were quantified by RT-PCR,
standardized to GAPDH mRNA and indicated as the means and SD of duplicate samples. D. PKR mRNAs in ILT-Hod and ILT-#29 cells were
quantified 24 h after culture in the absence (open bar) or presence (closed bar) of IFN-a (3000 1U/ml), and the relative values are indicated as the
means and SD of duplicate samples. *p < 0.05.
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(C), and Ki-67 expression (D) in the cells were evaluated. A. Expression of

in the dot plots indicate the proportion of the cells (%) in each phase. D.

cells (%).

Figure 4 Effects of IFN-a and AZT on HTLV-1 expression and cell growth of HTLV-1 infected cells. ILT-Hod and ILT-#29 cells (10%/ml) were
cultured in the absence or presence of [FN-a (3000 IU/ml) and/or AZT (10 uM) as indicated, and HTLV-1 expression (A), cell growth (B), cell cycle

evaluated by flow cytometry following stained with anti-Tax (open histogram) and isotype control (closed histogram) antibodies. B. ILT-Hod and
ILT-#29 cells were similarly treated with IFN-a and/or AZT, and maintained with addition of equal volumes of fresh medium without IFN-a or AZT
on the day 1 and 3, then viable (closed bar) and non-viable (open bar) cell numbers in cultures were evaluated by trypan blue exclusion on the
day 8. *p < 0.05. C. ILT-Hod and ILT-#29 cells similarly treated with [FN-a and/or AZT were subjected to cell cycle analysis on the day 8. Cultures
were treated with BrdU (10 pM) for the last 24 h of culture then permeabilized and incubated with a FITC-labeled mouse anti-BrdU antibody and
7AAD. Cells that are 7AAD-negative can be considered apoptotic (Apo). BrdU-negative and 7AAD-intermediate positive cells are in the GO/G1
phase. BrdU-positive and 7AAD-positive cells are in the S phase. BrdU-negative and 7AAD-highly positive cells are in the G2/M phase. The values

analyzed for intracellular Ki-67 expression by flow cytometry on the day 8. The values in the dot plots indicate the proportion of Ki-67-positive

intracellular Tax protein 3 days after the initiation of culture was

ILT-Hod and ILT-#29 cells similarly treated with IFN-a and/or AZT were

with the combination of AZT and IFN-a. IFN-a alone
slightly enhanced BAX and p21 mRNA levels in ILT-#29
cells but not in ILT-Hod cells. Effects of AZT alone were
marginal in both cell lines.

The use of a p53-inhibitor partly reduced the apop-
totic fraction in AZT/IFN-a-treated ILTs compared with
those without inhibitor (Figure 6C). The effects of the
p53-inhibitor were limited, however, probably because of
a short half-life of the inhibitor.

These observations indicated that the combination of
AZT and IFN-a effectively activated p53 pathway that was
invoved in cell apoptosis in ILT-Hod and ILT-#29 cells.

Discussion

In the present study, we have demonstrated that IFN-«
suppressed HTLV-1 gene expression in infected cells. This
is consistent with our previous findings, which indicated
that stromal cells suppressed viral expression in HTLV-
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Figure 6 Induction of p53-signaling by IFN-a and AZT in HTLV-1-infected cells. A. Intracellular phosphorylated p53 levels in ILT-Hod and
ILT-#29 cells were evaluated by flow cytomertry 3 and 4 days after incubation, respectively, in the absence (black line) or presence of IFN-a (3000
[U/ml) alone (blue fine), or IFN-a/AZT (10 uM) (red line). The closed histograms indicate cells stained with control antibody. B. ILT-Hod and ILT-#29
were treated with IFN-a and/or AZT for 4 days and mRNA expression of BAX (closed bar) and p21 (open bar) was evaluated by quantitative
RT-PCR. Results are standardized with the copy number of GAPDH mRNA, and the relative values are indicated as means and SD of duplicate
samples. *p < 0.05, **p < 0.01. C. ILT-Hod and ILT-#29 cells were cultured with or without IFN-o/AZT in the presence or absence of a p53-inhibitor
(Pifithrin-a p-Nitro Cyclic, 1 uM) for 3 days and 5 days, respectively, then the cells were analyzed for the cell cycle by flow cytometry following
7AAD-staining. The proportions of apoptotic cell fractions (pre G0/G1) were indicated below each histogram.

1-infected T-cells via type I IFN when co-cultured [26].
However, these findings conflict with most other reports
[16,20-22]. Differences among opposing findings can be
attributed to the differences in the HTLV-1-infected cells
used. It has been reported that type I IFNs inhibit HTLV-
1 pl9 release but not viral gene expression in HTLV-
1-transformed cells [20]. This was true for HUT102 cells
also in the present study, but not for ILT cells (Figure 1B).
One of the differences between HUT102 and ILTs is the
levels of Tax protein, which is present at much higher
levels in HUT102 than ILTs. Because expression of HTLV-
1 proteins is barely detectable in vivo, we hypothesize that
HTLV-1-infected cells in vivo might retain susceptibility
to IFNs similarly to ILTs rather than HUT102. Indeed,
IFN-a suppressed HTLV-1 gene expression in primary
ATL cells that was induced in a short-term culture in vitro
(Figure 1C).

Reduction in intracellular Tax protein levels preceded
transcriptional suppression of viral mRNA in ILTs when
treated with IFN-a (Figure 2), indicating involvement of
some post-transcriptional mechanisms such as decreased
protein translation and/or increased proteolysis [19]. In
this study, we found that PKR was involved in IFN-
a—mediated Tax suppression (Figure 3). PKR is a ubiqui-
tously expressed serine/threonine kinase, induced by IFNs
and activated by double-stranded RNA to phosphorylate
its substrates. These substrates include the alpha subunit
of translation initiating factor elF-2, thereby resulting in
inhibition of protein synthesis [31-33]. Since the Tax pro-
tein positively regulates HTLV-1 transcription through
interaction with the HTLV-1 long terminal repeat (LTR)
[34,35], it would be reasonable that suppression of HTLV-
1 transcription followed the reduction in Tax protein
levels. However, the PKR-mediated translational control
alone does not explain why Tax protein decreased earlier
than Gag protein following IFN-o treatment in ILTs
(Figure 2A, C), suggesting the involvement of additional
mechanisms to produce preferential reduction of Tax.

It is intriguing that ILTs often show a histogram with
two phases in the flow cytometric analysis for HTLV-1
proteins especially for Tax, despite the fact that all the
ILT cells are infected with HTLV-1. This suggests that
Tax protein levels in ILTs fluctuate between detectable
and undetectable levels during culture. For the HUT102

cells, there was always a single peak of Tax-positive
cells (Figure 1A). Nevertheless, the HTLV-1 transcrip-
tion levels are comparable in ILTs and HUT102
(Figure 1A). In addition, the PKR inhibitor abrogated
IFN-a-mediated suppression of Tax expression in ILTs
without changing mRNA levels (Figure 3A, B). We also
found that addition of the PKR inhibitor enhanced Tax
expression in the absence of exogenous IFN-a especially
for ILT-#29 cells (Figure 3A). Moreover, PKR expression
was spontaneously increased in ILTs and further aug-
mented by IFN-« (Figure 3C, D). These findings suggest
that Tax protein synthesis might be spontaneously regu-
lated by PKR to some extent in these cells, although it is
unclear what activates PKR. If highly structured tran-
scripts from HTLV-1 themselves were the activators of
PKR, they might also activate other molecules such as 2',
5'-oligoadenylate synthetase that can also suppress viral
expression. HTLV-1 expression might be regulated by
such negative feedback systems to maintain equilibrium
levels in ILT cells. Further studies will be required to
understand the entire system regulating HTLV-1 expres-
sion in infected cells.

We noticed some differences with respect to the effects
of IFN-a on HTLV-1 gene expression, pl9 release, and cell
growth in various HTLV-1-infected cell lines, which cannot
be fully explained simply by the different levels of Tax ex-
pression in these cells, implying the presence of multiple
mechanisms resisting against signaling pathways down-
stream of the IFN-af3 receptor. The mechanisms other than
Tax determining IFN susceptibility remain to be clarified.

NEF-«B is activated in HTLV-1-infected cells and plays a
critical role in survival of these cells [36]. Our results
indicate that IFN-o suppressed both viral expression and
NE-kB activity; AZT did not affect either of these. Be-
cause Tax is a strong activator of NF-«B, IFN-a-mediated
reduction of Tax protein levels likely results in IFN-a-
mediated suppression of NF-kB (Figure 5A). However,
the suppression of NF-kB activity by IFN-a in ILTs was
partial. This is presumably attributed to the incomplete-
ness of IFN-a-mediated suppression of Tax expression,
and also to the presence of Tax-independent mechanisms
for NF-«B activation in these cells.

Although IFN-a inhibited cell growth in ILTs, it was
not cytocidal. Cell cycle analysis revealed that IFN-a
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induced cell cycle arrest at GO/G1, indicating that IFN-a
has only a static effect. Cell apoptosis increased when
both AZT and IFN-« were added (Figure 4). It has been
reported that type I IFNs induce expression of p53, but
do not directly activate it [37]. The p53 transcription
factor is activated by various stresses, and mediates cell
cycle arrest or apoptosis through induction of many p53-
regulated genes [38,39]. HTLV-1-infected cells, including
ATL cells, mostly have intact p53 genes, expressing en-
hanced levels of p53, but its function is impaired [30,40].
Tax can inhibit the functions of p53 through various
mechanisms including competition over the co-activator
CBP/p300 that is required for trans-activation [27,41,42].
In the present study, we demonstrated that phosphoryl-
ation of p53 and expression of the p53-regulated genes
(Bax and p21) were markedly enhanced by the presence of
both AZT and IFN-q, while IFN-« alone exhibited mar-
ginal effects (Figure 6A, B). As exogenous IFN-a reduced
Tax protein levels in ILTs (Figures 2A, 4A), it might un-
lock the Tax-mediated interference on p53 functions and
enabled to activate p53-pathway following incorporation
of AZT. This is consistent with clinical findings that AZT/
IEN therapy is effective on ATL cases without mutations
in p53 gene [43].

Conclusions

In conclusion, we have demonstrated that IFN-« can
suppress HTLV-1 gene expression in IL-2-dependent
HTLV-1-infected cells, and that PKR plays a critical role
in the suppression. We further demonstrated that IFN-a
and AZT cooperate to activate the p53 pathway and
induce apoptosis. Our findings have elucidated pre-
viously unknown mechanisms regarding the regulation
of HTLV-1 expression in infected cells, and partially ex-
plain how the combination of AZT and IFN-« produces
therapeutic effects in ATL.

Methods

Cells

The various ILT lines derived from ATL patients (ILT-
Hod, ILT-#29, ILT-#22, and ILT-#227) or HAM/TSP pa-
tients (ILT-M1, ILT-#286, and ILT-#294) were maintained
in RPMI 1640 medium (Life Technologies, Inc., Grand
Island, NY) containing 10% fetal calf serum (FCS; Sigma
Aldrich, St. Louis, MO), Antibiotic Antimycotic Solution
(Sigma Aldrich) and 30-100 IU/ml of recombinant hu-
man IL-2 (Shionogi, Osaka, Japan). The IL-2-independent
HTLV-1-infected T-cell line, HUT102, derived from a
patient with mycosis fungoides [3], and uninfected T-cell
lines, Jurkat [44] and MOLT4 [45] were also used. Mono-
nuclear cells were isolated from the peripheral blood of an
acute ATL patient under written informed consent, stored
frozen in liquid nitrogen, and used as primary ATL cells
for experiments immediately after thawing. This study
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was approved by the Institutional Review Board of the
Tokyo Medical and Dental University.

Antibodies

Alexa Fluor 488-conjugated Lt-4 [46], a mouse monoclo-
nal antibody (mAb) against the HTLV-1 Tax protein,
and Alexa Fluor 488 mouse IgG3, k isotype control
(Biolegend, SanDiego, CA) were used for detecting Tax.
Mouse ascites containing GIN-7 [47], a mAb against the
HTLV-1 pl9 Gag protein, and control mouse ascites
were used for detecting Gag together with Fluorescein-
isothiocyanate (FITC)-conjugated goat anti-mouse immuno-
globulin G (IgG) plus IgM (IgG + IgM) antibodies (KPL,
Gaithersburg, MD) as secondary antibody. R-phycoerythrin
(R-PE)-conjugated anti-human Ki-67 mouse mAb (BD
Pharmingen), Alexa Fluor 488-conjugated rabbit anti-
human phosphorylated p53 (Ser15) Ab (Beckman Coulter,
CA), and their isotype controls were also used.

Reagents

Natural type human [FN-a (Sumiferon; Dainippon Sumitomo
Pharma, Osaka, Japan) was added to cell cultures at various
concentrations. Zidovudin (AZT) (Retrovir; GlaxoSmithKline;
Research Triangle Park, NC) was used at 10 uM, a con-
centration inhibiting reverse transcription without cell
toxicity [48]. When culturing these cells for longer than 3
days, fresh medium without these reagents was added
during culture for maintenance. A chemical PKR-inhibitor
(C13HgN,OS; Calbiochem) and its negative control inhibi-
tor (C;5HgCsNO; Calbiochem) were dissolved in DMSO
and added at 500 nM in culture 2 h before IFN-« treat-
ment and carried over through the culture. Pifithrin-«
p-nitro cyclic, a chemical p53-inhibitor (Calbiochem), was
used at 1 uM.

Quantitative RT-PCR and primers

Aliquots (0.5 pg) of total RNA extracted from cells using
Isogen (Nippon Gene, Tokyo, Japan) were treated with
DNase (Ambion; Austin, TX) and subjected to reverse
transcription (RT) with oligo(dT)20 primers followed by
PCR using THUNDERBIRD qPCR Mix (Toyobo, Osaka,
Japan). To quantify HTLV-1 mRNAs, three primer sets
were used; Gag primers (forward, 5-CCT TAC CAC
GCC TTC GTA GAA CGC CTC AAC ATA GC-35
reverse, 5'-TTT GTC TTT GGG GGT CCA GGT CTG
ACA AGC CCG CA-3') located at Gag region, pX
primers (forward, 5'-CGG ATA CCC AGT CTA CGT
GTT TGG AGA CT-3'; reverse, 5'-GAG CCG ATA
ACG CGT CCA TCG ATG GGG TCC-3") located at pX
region, and RPX primers (forward, 5'-ATC CCG TGG
AGA CTC CTC AA-3'; reverse, 5 -AAC ACG TAG
ACT GGG TAT CC-3’) located at upstream and down-
stream of the second splice junction site of tax/rex
mRNA [6]. The primers specific for PKR (forward, 5'-
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CCT GTC CTC TGG TTC TTT TGC T-3'; reverse, 5'-
GAT GAT TCA GAA GCG AGT GTG C-37), VEGF
(forward, 5'-GGA GGG CAG AAT CAT CAC G-3'; re-
verse, 5'-TCG ATT GGA TGG CAG TAG CT-3'), BAX
(forward, 5'-GAT GCG TCC ACC AAG AAG CT-35;
reverse, 5'-CGG CCC CAG TTG AAG TTG-3), p21
(forward, 5'-CCA TGT GGA CCT GTC ACT GT-3'; re-
verse, 5-TGG TAG AAA TCT GTC ATG CTG GTC-3"),
and GAPDH (forward, 5'-TGA TTT TGG AGG GAT
CTC GCT CCT GGA AGA-3’; reverse, 5'-GTG AAG
GTC GGA GTC AAC GGA TTT GGT CGT-3") were
also used. The thermal cycling protocol involved an initial
denaturation at 95°C for 30 s, then 40 cycles of dena-
turation at 95°C for 5 s, annealing and extension at 60°C
for 30 s, and then detection of fluorescence from SYBR
Green. Products were quantified and standardized against
GAPDH mRNA copy numbers.

Flow cytometry

For intracellular staining of HTLV-1 antigens, cells were
fixed with 4% paraformaldehyde for 10 min and per-
meabilized with 100% methanol for 10 min on ice. To
detect the Gag protein, cells were serially incubated with
GIN-7 or control ascites and FITC-conjugated goat anti-
mouse IgG + IgM. To detect the Tax protein, cells were
incubated with Alexa Fluor 488-labelled Lt-4 or isotype
control antibody. To stain intracellular Ki-67, cells were
fixed with 4% paraformaldehyde and permeabilized with
a BD Perm/Wash™ Buffer Kit (BD Pharmingen), then
incubated with an R-PE-conjugated anti-human Ki-67
mouse mAb or isotype control mouse IgG1, x antibody.
For staining intracellular phosphorylated p53, cells were
fixed with 4% paraformaldehyde for 10 min and perme-
abilized with 100% methanol for 10 min on ice prior to
incubation with antibody. Stained cells were analyzed
with a flow cytometer (FACSCalibur; Becton Dickinson,
San Jose, CA) using FlowJo software (Tree Star).

Immunoblotting

HTLV-1-infected or uninfected cells were dissolved in Cell
Culture Lysis Reagent (Promega, Madison, W1) containing
25 mM Tris-phosphate (pH 7.8), 2 mM DTT, 2 mM
1,2-diaminocyclohexane-N,N,N',N'-tetraacetic acid, 10%
glycerol, and 1% Triton X-100, with protease inhibitor
cocktail (Roche Diagnostics, Basel, Switzerland), and were
incubated on ice for 1 hour. The cell lysates were cleared
by centrifugation, denatured with SDS sample buffer
(Thermo Scientific, Rockford, IL) and 2.5% 2-mercaptethanol
(Sigma-Aldrich, St.Louis, MD) at 70°C for 15 min, and
17 ug of proteins were electrophoresed on polyacrylamide
gel (Oriental Instruments CO., LTD, Kanagawa, Japan),
and then transferred to PVDF membrane (ATTO, Tokyo,
Japan). The membranes was blocked with Block Ace (DS
Pharma Biomedical Co., Ltd, Osaka, Japan) overnight, and
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reacted with mouse anti-Tax and anti-a-Tubulin (Cedarlane,
Ontario, Canada) antibodies as primary antibodies overnight,
followed by exposure to horseradish peroxidase-conjugated
sheep anti-mouse IgG whole antibody (GE Healthcare,
Pittsburgh, PA) as a second antibody. The reacted bands
were visualized by enhanced chemiluminescence using
Novel® ECL (Invitrogen, Carlsbad, CA) and analyzed on
Image Quant mini LAS 4000 (GE Healthcare).

Cell cycle analysis

Cells were cultured in the presence of 10 uM bromo-
deoxyuridine (BrdU) for 24 h, fixed and then permeabilized,
followed by incubation with a mouse anti-BrdU mAb and
7AAD from BrdU flow Kits (BD Pharmingen), according to
the manufacturers’ instructions. Stained cells were analyzed
with a flow cytometer using CellQuest software (Becton
Dickinson). To evaluate cell growth, Trypan blue exclusion
test and a colorimetric assay using Cell Counting Kit-8
(Dojindo, Kumamoto, Japan) based on formazan color de-
velopment were used.

Enzyme-linked immunosorbent assays (ELISAs)

The concentration of HTLV-1 p19 in the supernatants
from ILT-Hod, ILT-#29 or HUT102 cultures were mea-
sured using a RETRO-tek HTLV-1/II p19 antigen ELISA
(ZeptoMetrix Corp., Buffalo, NY) according to the manu-
facturer’s instructions.

Reporter assays

Reporter cell lines (ILT-Hod/NF-kB-Luc and ILT-#29/NF-
KB-Luc) were established by using a Cignal Lenti-NF-«B re-
porter Luc Kit (Qiagen, Duesseldorf, Germany) and Cignal
Lenti thymidine kinase (TK)-Renilla control (Qiagen). Lu-
ciferase assays were conducted with Luciferase or Renilla
luciferase assay systems (Promega, Madison, WI) on cell
lysates in Renilla luciferase lysis buffer (Promega). Relative
NF-«B activity was calculated as the ratio of firefly lucife-
rase to renilla luciferase activities in the same sample.

Statistics
The unpaired t-test was performed for statistical significance,
and P values less than 0.05 were considered significant.
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We report an adult T-cell leukemia/lymphoma patient suffering
from Stevens—Johnson Syndrome (S5JS) during mogamulizumab
(humanized anti-CCR4 monoclonal antibody) treatment. There
was a durable significant reduction of the CD4*CD25M9"FOXP3*
regulatory T (Treg) cell subset in the patient’s PBMC, and the
affected inflamed skin almost completely lacked FOXP3-positive
cells. This implies an association between reduction of the Treg
subset by mogamulizimab and occurrence of SJS. The present
case should contribute not only to our understanding of human
pathology resulting from therapeutic depletion of Treg cells, but
also alert us to the possibility of immune-related severe adverse
events such as SJS when using mogamulizumab. We are currently
conducting a clinical trial of mogamulizumab for CCR4-negative
solid cancers (UMIN000010050), specifically aiming to deplete
Treg cells. (Cancer Sci 2013; 104: 647-650)

Adult T-cell leukemia/lymphoma (ATL) is an aggressive
peripheral T-cell neoplasm caused by HTLV-1. The dis-
ease is resistant to conventional chemotherapeutic agents, and
has a very poor prognosis.’” Mogamulizumab (KW-0761) is a
defucosylated humanized monoclonal antibody targeting CC
chemokine receptor 4 (CCR4).® A phase I clinical trial for
relapsed CCR4-positive peripheral T-cell neoplasms, including
ATL, and a phase II study for relapsed ATL have been con-
ducted with mogamulizumab.®* This agent was subsequently
approved for the treatment of relapsed or refractory ATL in
Japan, the first country in the world to do so, in March 2012.
Mogamulizimab went on sale on 29 May 2012. The interim
report for the post-marketing surveillance from 29 May to 28
September 2012 revealed skin-related severe adverse events
(SAE), as defined by the Medical Dictionary for Regulatory
Activities Terminology/Japan, in nine patients. Thus, during
only the first 4 months of use, 9 skin-related SAE, including 4
cases of Stevens—Johnson Syndrome (SIS)/toxic epidermal
necrolysis (TEN) were reported, with 1 SIS/TEN fatality.
These skin-related, potentially fatal SAE are certainly a chal-
lenge to the free use of this agent and clearly require investi-
gation. Therefore, here we report an informative ATL patient
suffering from SJS on mogamulizumab treatment, focusing on
the reduction of the regulatory T (Treg) cell subset
(CD4*CD25"™E"FOXP3*) caused by the antibody.

Case Report

A 71-year old woman was admitted due to elevation of her
lymphocyte count. She had been diagnosed as suffering from

doi: 10.1111/cas.12116
© 2013 Japanese Cancer Association

acute-type ATL nearly 5 months prior to admission. She had
received VCAP-AMP-VECP chemotherapy®™ followed by oral
sobuzoxane in another hospital, and achieved a transient partial
remission. We started mogamulizumab to treat the flare-up of
ATL disease (Fig. 1). Grade 1 skin eruptions appeared around
her neck after three antibody infusions. Because we were also
giving her antibacterial (ciprofloxacin hydrochloride), fungal
(itraconazole), pneumocystic (sulfamethoxazole-trimethoprim)
and viral (aciclovir) prophylaxes in addition to stomach medi-
cine (lansoprazole), we judged the skin event to be due to drug
eruption caused by one of these concomitant drugs. Therefore,
we stopped all five, but continued with mogamulizumab.
Despite their discontinuation and treatment with topical
steroids, the skin rashes continued to worsen. We started the
patient on 30 mg oral prednisolone, which improved the skin
symptoms. The patient was then able to complete the eight
planned infusions, and oral prednisolone was tapered off. She
was discharged from hospital 8 days after her eighth infusion
(day 65), and thereafter seen as an outpatient. However, she
had to be readmitted as an emergency patient at day 75
because of fulminant skin rashes. These included erythemas,
scale-like plaques, vesicles, blisters and erosions over many
areas of the body. Her lips were swollen and oral mucosa was
erosive (Fig. 2a). Skin biopsy revealed marked liquefaction,
degeneration and perivascular inflammation with dominant
CD8-positive cells but almost complete lack of FOXP3-
positive cells (Fig. 2b). We diagnosed her as a SJS, and imme-
diately started steroid pulse therapy (methylprednisolone
500 mg/day x3 days), followed by oral prednisolone. Her
skin and mucosal lesions improved gradually, and became
inactive. At the same time, her general condition improved.
Thus, we again tapered the steroid dose, and she was dis-
charged at day 144. However, she had to come back yet again
as an emergency patient on day 151 for the same reason as
before, with fulminant skin rashes. We prescribed her
mini-steroid pulse therapy (methylprednisolone 125 mg/day
x1 day), followed by oral prednisolone. Once more, her skin
lesions improved gradually. Over this whole period, complete
ATL remission was maintained by mogamulizumab. The
HTLV-1 provirus load in PBMC pre-treatment, and at
days 121 and 162 was 750.1, 0.0 (under the limit of detection)
and 0.8 copies/1000 cells, respectively. These post-treatment
values are strikingly low, considering that median HTLV-1
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load in asymptomatic carriers reported by other investigators is
18.0 copies/1000 cells.®

We also analyzed CD4, CD25 and FOXP3 expression by
PBMC during and after antibody treatment (Fig. 1, middle
panels). Before treatment, the majority of the patient’s PBMC
consisted of CD4-positive and CD25-positive ATL cells. Just
before the 5th antibody infusion (day 29), around the time
when her skin rash first appeared, the proportion of CD25"&"
FOXP3*/CD4* cells was markedly reduced, to 2.2%. This
is low even compared to healthy individuals (CD25M™
FOXP3*/CD4" cells, mean 3.3%, median 3.3%, range 2.6—
4.4%) (Fig. 3). Around the time of SIS onset, the proportion
of cells in the Treg subset was further reduced. The proportion
of CD25ME"FOXP3*/CD4" cells at days 64, 85 and 114 was
1.8%, 1.6% and 0.7%, respectively. The striking reduction of
the Treg subset persisted until 4 months after the last of the
eight antibody infusions (day 171).

Discussion

Drugs often induce adverse cutaneous reactions of varying
severity, ranging from simple uncomplicated eruptions to
potentially fatal eruptions, such as SIS and TEN, within the

648

Clinical course of an ATL patient receiving mogamulizumab monotherapy. ATL; adult T-cell leukemia/lymphoma; mPSL, methyl-

spectrum of severe adverse reactions affecting skin and
mucosa. Although many factors that might cause variability in
the clinical course of such adverse reactions have been sug-
gested, it remains unknown which factors are predominantly
involved in these processes. The most prevalent severe drug
eruptions are thought to be mediated by drug-reactive
T—cells,m although we also need to be aware of the alternative
view that severe drug eruptions are due to a dysregulated
immune system. In this regard, an effect mediated by Treg
cells is a likely candidate in severe drug eruptions. Indeed, it
is reported that Treg cells can prevent experimentally-induced
epidermal injury mimicking TEN in an animal model.® Fur-
thermore, Takahashi et al. (2009) report that Treg cell function
is profoundly impaired in patients with TEN.® Consistent with
these reports, a marked reduction of the Treg subset was
observed in the present case.

Mogamulizumab is the first therapeutic agent targeting
CCR4, which is expressed on Treg cells,"*!V to receive mar-
keting approval anywhere in the world. The reduction of the
Treg subset seen here was not specific to the present case, but
is commonly observed in ATL patients receiving mog-
amulizumab. In fact, skin rashes were observed as a frequent
non-hematologic adverse event (AE) (63%), mostly occurring

doi: 10.1111/cas.12116
© 2013 Japanese Cancer Association
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Fig. 2. (a) Macroscopic observations of the
patient’s skin on the day she was diagnosed
with Stevens-Johnson Syndrome. (b) Corresponding
skin biopsy showing liquefaction, degeneration
and perivascular inflammation with dominant
CD8-positive cells but almost no FOXP3-positive
cells.

CD25
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Fig. 3.

after the fourth or subsequent infusions in the phase II study.”
The present case was one of these patients. It has been
reported that alterations in CD4*CD25"FOXP3™ Treg cell fre-
quencies and/or function may contribute to various types of
autoimmune diseases.'” Because the CCR4 molecule aids
lymphocyte skin-specific homing,*® it is not unexpected

Ishida et al.

o 5 .
30 o a b
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CD4*CD25M9"FOXP3* regulatory T cells in PBMC from healthy volunteers (n = 10).

that skin rashes, which could be an immune-related AE, will
be frequently observed in ATL patients receiving mog-
amulizumab. Because it is an urgent issue to identify which
factors determine the severity of immune-related skin disorders
associated with mogamulizumab treatment, further investiga-
tion on this matter are clearly warranted.

Cancer S¢i | May 2013 | vol. 104 | no.5 | 649
© 2013 Japanese Cancer Association



However, reduction of Treg cells is a promising strategy for
boosting antitumor immunity in cancer patients, because these
cells are increased in the tumor microenvironment and may
play an important role in tumor escape from host immunity in
several different types of cancer.!"*!> Thus, reduction of Treg
cells by mogamulizumab in cancer patients would have both
potential benefits leading to enhanced antitumor immunity, but
also pose risks of autoimmune disease. The skin-related SAE,
including SJS/TEN, are representative of the latter. Currently,
several clinical trials of mogamulizumab are being conducted
worldwide, not only for ATL, but also other types of lym-
phoma. In addition, we are currently conducting a clinical trial
of mogamulizumab for CCR4-negative solid cancers
(UMINO000010050), specifically aiming to deplete Treg cells.
Therefore, it is a matter of some urgency to establish the safest
and most effective treatment strategies for using mog-
amulizumab not only in ATL patients but also other types of
cancer, to maximize benefit and minimize risk.

In summary, the present case should contribute not only to
our understanding of human pathology resulting from thera-
peutic depletion of Treg cells, but also alert us to the possibil-
ity of immune-related SAE, such as SJIS/TEN, when using
mogamulizumab.
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Multicenter Phase II Study of Mogamulizumab (KW-0761),
a Defucosylated Anti-CC Chemokine Receptor 4 Antibody,
in Patients With Relapsed Peripheral T-Cell Lymphoma and
Cutaneous T-Cell Lymphoma

Michinori Ogura, Takashi Ishida, Kiyohiko Hatake, Masafumi Taniwaki, Kiyoshi Ando, Kensei Tobinai,
Katsuya Fujimoto, Kazuhito Yamamoto, Toshihiro Miyamoto, Naokuni Uike, Mitsune Tanimoto,
Kunihiro Tsukasaki, Kenichi Ishizawa, Junji Suzumiya, Hiroshi Inagaki, Kazuo Tamura, Shiro Akinaga,
Masao Tomonaga, and Ryuzo Ueda

Purpose
CC chemokine receptor 4 (CCR4) is expressed by peripheral T-cell lymphomas (PTCLs) and is

associated with poor outcomes. Mogamulizumab (KW-0761) is a defucosylated humanized
anti-CCR4 antibody engineered to exert potent antibody-dependent cellular cytotoxicity. This
multicenter phase |l study evaluated the efficacy and safety of mogamulizumab in patients with
relapsed PTCL and cutaneous T-cell lymphoma (CTCL).

Patients and Methods
Mogamulizumab (1.0 mg/kg) was administered intravenously once per week for 8 weeks to patients

with relapsed CCR4-positive PTCL or CTCL. The primary end point was the overall response rate, and
the secondary end points included safety, progression-free survival (PFS), and overall survival (OS).

Results
A total of 38 patients were enrolled, and 37 patients received mogamulizumab. Objective

responses were noted for 13 of 37 patients (35%; 95% Cl, 20% to 53%), including five patients
(14%) with complete response. The median PFS was 3.0 months (95% Cl, 1.6 to 4.9 months), and
the median OS was not calculated. The mean maximum and trough mogamulizumab concentra-
tions (= standard deviation) after the eighth infusion were 46.9 = 9.3 and 29.0 = 13.3 ug/mL,
respectively. The most common adverse events were hematologic events, pyrexia, and skin
disorders, all of which were reversible and manageable.

Conclusion

Mogamulizumab exhibited clinically meaningful antitumor activity in patients with relapsed PTCL
and CTCL, with an acceptable toxicity profile. Further investigation of mogamulizumab for
treatment of T-cell lymphoma is warranted.

J Clin Oncol 32:1157-1163. © 2014 by American Society of Clinical Oncology

lymphoma (AITL), and anaplastic large-cell lym-
phoma (ALCL)."® Cyclophosphamide, doxorubi-

. - -
Mature T/natural killer (NK)-cell neoplasms
comprise approximately 20 subclassified hetero-
geneous groups of non-Hodgkin lymphomas
(NHLs) that account for approximately 10% of
NHLs in Western countries' > and approximately
25% of NHLs in Japan.*® Mature T/NK-cell neo-
plasms are largely subdivided into peripheral
T-cell lymphoma (PTCL) and cutaneous T-cell
lymphoma (CTCL), and different treatment
strategies are used for each of these entities."®
According to the WHO classification, PTCL
includes peripheral T-cell lymphoma not otherwise
specified (PTCL-NOS), angioimmunoblastic T-cell

cin, vincristine, and prednisone (CHOP) and
CHOP-like regimens have been widely used as the
standard first-line treatment for patients with
PTCL.”® With the exception of those patients with
anaplastic lymphoma kinase-positive ALCL, the ef-
ficacy of these combination therapies is unsatisfac-
tory because those who achieve remission eventually
experience relapse and poor outcomes.>” Several
agents have been approved by the US Food and
Drug Administration for the treatment of relapsed
or refractory (Rel/Ref) PTCL: pralatrexate, ro-
midepsin for Rel/Ref PTCL, and brentuximab vedo-
tin for Rel/Ref ALCL. The overall response rates

© 2014 by American Society of Clinical Oncology 1157
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(ORRs) were reported to be 29% and 25% for PTCL and 86% for
ALCL, respectively.'%'?

CTCL can be classified as mycosis fungoides (MF), Sézary syn-
drome, or cutaneous ALCL. The majority of cases of CTCL in Japan
consist of MF."” The therapeutic approaches and outcomes for these
conditions are primarily dependent on disease stage.>”>** Patients with
advanced stage CTCL who relapse after systemic chemotherapies and
those with transformed MF have particularly poor outcomes,'>'
Recently, the US Food and Drug Administration approved agents for
Rel/Ref CTCL treatment, including vorinostat, denileukin diftitox,
and romidepsin, with ORRs of 30%, 30%, and 34%, respectively.'”"*
However, there are few treatment options or approved agents for
CTCL in Japan, partly because of its low prevalence here.>'>'?

CC chemokine receptor 4 (CCR4) is a marker for type 2 helper T
cells or regulatory T (Treg) cells and is expressed on tumor cells in
approximately 30% to 65% of patients with PTCL.>**' CCR4-positive
patients (eg, in the PTCL-NOS subgroup) have a shorter survival time
when compared with CCR4-negative patients.”’® Further, CCR4
expression increases with advancing disease stage in patients with MF/
Sézary syndrome.”*

Mogamulizumab (KW-0761) is a humanized anti-CCR4 mono-
clonal antibody with a defucosylated Fc region that enhances
antibody-dependent cellular cytotoxicity.>>*® In vitro antibody-
dependent cellular cytotoxicity assay and in vivo studies in a human-
ized mouse model revealed that mogamulizumab exhibited potent
antitumor activity against T-cell lymphoma cell lines and against pri-
mary CTCL cells from patients.****

In a phase I study of patients with relapsed adult T-cell leukemia-
lymphoma (ATL) and PTCL/CTCL, mogamulizumab was well toler-
ated up to a dose of 1.0 mg/kg. An ORR of 31% (five of 16) was
obtained, including one partial response (PR) among three patients
with PTCL/CTCL.*® Mogamulizumab yielded an ORR of 50% (13 of
26) for relapsed CCR4-positive ATL in a subsequent phase II study.>
In the United States, a phase I/I study for patients with Rel/Ref CTCL
revealed that mogamulizumab was well tolerated with an ORR of 37%
(14 of 38, 8% complete response [CR], 29% PR) and a median PES of
341 days.*

The present report describes the results of a multicenter phase II
study in Japan that was designed to assess the efficacy and safety of
mogamulizumab in patients with relapsed CCR4-positive PTCL
or CTCL.

Study Design and Treatment

This was a multicenter, single-arm phase II study conducted at 15 Japa-
nese centers. At least 35 patients were required to detect a lower limit of the
95% CI that exceeded the 5% threshold, and the expected ORR for mogamu-

lizumab was 25% with a statistical power of 90%.'%*

All patients gave written informed consent before enrollment. Patients
received intravenous infusions of 1.0 mg/kg mogamulizumab once per week
for 8 weeks. Dose modification of mogamulizumab was not allowed. Oral
antihistamine and acetaminophen were given before each dose of mogamuli-
zumab as premedication.”>*° A systemic corticosteroid (hydrocortisone 100
mg intravenously) was also administered before the first dose of mogamuli-
zumab to prevent an infusion reaction. The same dose of hydrocortisone was
administered before the second and subsequent administrations at the inves-
tigators’ discretion. The plasma concentrations of mogamulizumab and
antimogamulizumab antibodies in plasma were determined by using enzyme-
linked immunosorbent assays.*>*® Blood samples were collected from all

1158 © 2014 by American Society of Clinical Oncology

patients who received at least one dose of mogamulizumab at times deter-
mined by the protocol for pharmacokinetic analyses. Maximum plasma mog-
amulizumab concentration and trough concentration parameters were
calculated from 0 to 7 days after the eight doses. T-cell subsets and NK cell
distribution were also investigated by flow cytometry during and after mog-
amulizumab treatment. This study was conducted in accordance with the
Declaration of Helsinki and in compliance with Good Clinical Practices. The
protocol was approved by the institutional review board at each participat-
ing institution.

Patients

Patients who were = 20 years of age and who had CCR4-positive PTCL
or CTCL with relapse after their last systemic chemotherapy were eligible for
participation. Patients who were refractory to their most recent therapy were
not eligible for this study. Histopathological subtypes were assessed and reclas-
sified by the Independent Pathology Review Committee according to the 2008
WHO classification." CCR4 expression was determined by immunohisto-
chemistry by using an anti-CCR4 monoclonal antibody (KM2160) and was
confirmed by central review, as described previously.?® In brief, CCR4 expres-
sion was classified according to the proportion of stained tumor cells (negative,
< 10%; 1+, 10% to <<25%; 2+, 25% to < 50%; 3+, = 50%). Staging of
nodal/extranodal and/or cutaneous lesions was performed if the lesions met
the following requirements: nodal and extranodal lesions were > 1.5 ¢cm in
measurable length on cross-sectional computed tomography images, cutane-
ous lesions were identifiable on visual inspection, and peripheral blood abnor-
mal lymphocyte count was = 1,000/uL. and comprised = 5% of total
leukocytes. All patients were required to have an Eastern Cooperative Oncol-
ogy Group performance status of 0 to 2. Other notable eligibility criteria
regarding laboratory values were as follows: neutrophil count = 1,500/uL,
platelet count = 50,000/uL, hemoglobin level = 8.0 g/dL, AST level < 2.5X
the upper limit of normal (ULN), ALT level = 2.5X the ULN, total bilirubin
level = 1.5X the ULN, and serum creatinine level = 1.5X the ULN. Patients
were excluded if they had any severe complications, such as CNS involvement
or a bulky lymphoma mass requiring emergent radiotherapy, a history of
allogeneic stem-cell transplantation, active concurrent cancers, an active infec-
tion, or positivity for hepatitis B virus DNA, hepatitis B surface antigen,
hepatitis C virus antibody, or human immunodeficiency virus antibody. .

Efficacy and Safety Assessment

The primary objective was to assess the best overall response, and the
secondary objectives included assessments of the best response according to
disease site, progression-free survival (PFS), and overall survival (OS). Efficacy
was evaluated by the Independent Efficacy Assessment Committee according
to modified response criteria based on the International Working Group
Criteria.*®** Cutaneous lesions were evaluated by using the modified Severity
Weighted Assessment Tool.> In addition, treatment efficacy in patients with
CTCL was evaluated by using a Global Response Score.”> Responses were
assessed after the fourth and eighth mogamulizumab infusions and at 2 and 4
months after the end of treatment. Treatment was discontinued if progressive
disease (PD) was evident. PD and survival were monitored until at least 4
months after the completion of dosing. For safety evaluations, adverse events
(AEs) were graded according to the National Cancer Institute Common Ter-
minology Criteria for AEs, version 4.0.

Statistical Analysis

PFS and OS were analyzed by using the Kaplan-Meier method. PFS was
defined as the time from the first dose of mogamulizumab to progression,
relapse, or death by any cause (whichever occurred first). OS was measured
from the day of the first dose to death by any cause.

Patient Characteristics

Sixty-five patients were screened, and 64 biopsy specimens were
histologically confirmed as PTCL or CTCL by the Independent Pa-
thology Review Committee. In total, 50 (78%) of the 64 screened

JOURNAL OF CLINICAL ONCOLOGY

Information downloaded from jco.ascopubs.org and provided by at KYUSHU GAN CENTER TOSHOSHITSU on April 30,
Copyright © 2014 Ameri@i 8 dweaiy2dOCIiMcal Rhdology. All rights reserved.



Mogamulizumab for CCR4-Positive T-Cell Lymphoma

patients were CCR4-positive. Of these, 38 eligible patients were en-
rolled in the study and 37 received at least one infusion of mogamuli-
zumab. One patient withdrew because of an infectious complication
before dosing. Patient characteristics, histopathology subtypes, and
previous systemic therapies are shown in Table 1.

Table 1. Baseline Patient Demographic and Clinical Characteristics

Patients Patients
Patients ~ With PTCL ~ With CTCL
(N =37) (n = 29) (n=8)
Characteristic* No. % No. % No. %
“Age, years - o i T
: kMedian' ’W~64‘ 67 : - 50‘
Range .=~ .~ 3380 . 3380 3670
=65 s a9y se i a8
Sex
Male 23 62 20 69 3 38
Female 14 38 9 31 5 63
ECOG performance status At el @ o
0 ; o 24 65 19 66 . 5 63
Tl g9 i3 90 34 20 95
2 e 30 a8
Elevated LDH levelt 21 57 18 62 3 38
Bone marrow involvement e 70 Qs 7 2400 00
No. of previous systemic regimens
Median 2 2 3
Range 1-6 1-5 1-6
1 14 38 13 45 1 13
2 15 41 12 41 3 38
=3 8 22 4 14 4 50
Types of systemlc therapy : : ; i
Chemotherapy. ; ) ~100:
gCHOP/CHOPhke reglmen 88
25
© Auto-PBSCT =+ 0
Radiotherapy 50

“Intensity of CCR4 expressiont

3F f b e e
Histopathology by central review
PTCL-NOS 16 43 16 55
AITL 12 32 12 4
ALCL, ALK negative 1 3 1 4
MF 7 19 7 88
c-ALCL 1 3 1 13

Abbreviations: AITL, angioimmunoblastic T-cell lymphoma; ALCL, anaplastic
large-cell lymphoma; ALK, anaplastic lymphoma kinase; c-ALCL, cutaneous
anaplastic large-cell lymphoma; CHASE, cyclophosphamide, cytosine arabino-
side, etoposide, and dexamethasone; CHOP, cyclophosphamide, doxorubicin,
vincristine, and prednisone; CTCL, cutaneous T-cell lymphoma; DeVIC, dexa-
methasone, etoposide, ifosfamide, and carboplatin; ECOG, Eastern Coopera-
tive Oncology Group; LDH, lactate dehydrogenase; MF, mycosis fungoides;
NOS, not otherwise specified; PBSCT, peripheral-blood stem-cell transplanta-
tion; PTCL, peripheral T-cell lymphoma.

*Of the 38 patients enrolled, 37 received at least one infusion
of mogamulizumab.

tElevated LDH level: higher LDH level than upper limit of the normal range.

$The denominator used for the intensity of CC chemokine receptor 4
(CCR4) expression is based on subjects who were positive for CCR4
by immunohistochemistry.

Of the 37 patients who received mogamulizumab, 25 (68%)
completed the planned course of eight infusions. Nine patients (24%)
discontinued treatment because of PD, and three patients (8%) due to
serious AFEs.

Efficacy

The ORR for the 37 treated patients was 35% (13 of 37; 95% CI,
20% to 53%), and 14% of patients (five of 37) achieved a CR, of which
one was unconfirmed (Table 2). Reponses (CR/PR) were observed in
at least one patient with each subtype of disease, but the ORR differed
between subtypes. The ORR was 34% (10 0f 29; 95% CI, 18% to 54%)
in patients with PTCL (three of 16 for PTCL-NOS, six of 12 for AITL,
and one of one for ALCL, anaplastic lymphoma kinase-negative) and
38% (three of eight; 95% CI, 9% to 76%) in those with CTCL (two of
seven for MF and one of one for cutaneous ALCL). In addition, ORR
in patients with CTCL was 50% (four of eight; 95% CI, 16% to 84%)
according to the Global Response Score.

Total ORR did not significantly correlate with CCR4 expression
level, patient age, or the number of previous chemotherapy regimens.
The response rates for lymph node and cutaneous lesions were 33%
(11 of 33) and 58% (seven of 12), respectively.

The median PFS was 3.0 months (95% CI, 1.6 to 4.9 months) for
the entire population and 2.0 months for patients with PTCL. Al-
though the median OS was not reached for the entire population at the

Table 2. Best Response (N = 37)

No. of Patients With
Best Response

No. of ——————— Response
Parameter Patients CR/CRu PR SD PD Rate (%)*
Overall.response. v 0037005 0813 35
Histopathology by central
review
PTCL 29 5t 5 9 10 34
PTCL-NOS 16 1 2 6 7 19
AITL 12 3 3 3 3 50
ALCL, ALK negative 1 1t 0 0 O 100
CTCL 8 0 3 4 1 38
MF 7 0 2 4 1 29
c-ALCL 1 0 1 0 0 100
Age,:year,s” s P—
<65 7 5
=65 6.6
Intensity of CCR4 expressron
1+ 6 1 1 3 1 33
2+ 50
3+ 32
No. of previous system|c e
s regxmens: e -
.63 :,:', -

Abbreviations: AITL, angioimmunoblastic T-cell lymphoma; ALCL, anaplastic
large-cell lymphoma; ALK, anaplastic lymphoma kinase; c-ALCL, cutaneous
anaplastic large-cell lymphoma; CCR4, CC chemokine receptor 4; CR, com-
plete response/complete remission; CRu, uncertain complete response/un-
certain complete remission; CTCL, cutaneous T-cell ymphoma; MF, mycosis
fungoides; NOS, not otherwise specified; PD, progressive disease; PR, partial
response/partial remission; PTCL, peripheral T-cell lymphoma; SD, stable
disease.

*Response rate (%): 100 X number of responders/number of subjects in
each category included in the efficacy analysis set.

tAmong the patients who showed CR/CRu, one showed CRu.
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Fig 1. Kaplan-Meier curves of (A) estimated progression-free survival (median, 3.0 months), (B) overall survival (median not reached), (C) progression-free survival in
patients with peripheral T-cell lymphoma (PTCL; median, 2.0 months), and (D) overall survival in patients with PTCL (median, 14.2 months).

time of this report, it was 14.2 months for patients with PTCL (Fig 1).
Moreover, the median PFS of all 13 responders was 5.5 months, and
for PTCL responders (n = 10), it was 8.2 months.

Safety

The most common treatment-related AEs of all grades and
treatment-related AEs of grade 3/4 were lymphocytopenia (81%,
73%), neutropenia (38%, 19%), and leukocytopenia (43%, 14%),
whereas the most common nonhematologic AE was pyrexia (30%;
grade 2 or lower) (Table 3). Lymphocytopenia occurred in 30 patients
(81%) and was noted after the first dose in 26 of these patients. For 19
of the patients, lymphocyte counts were << 800/uL (grades 2 to 4)
before the first dosing. The lymphocyte count ultimately recovered to
normal or baseline levels in all patients.

Infusion reaction (24%; grade 2 or lower) occurred primarily at
the first infusion, after which it became less frequent, and all patients
recovered. No infusion prolongation/interruption was caused by the
infusion reaction.

In addition, treatment-related skin disorders were commonly
reported (all grades, 51%; grade 3/4, 11%) when grouped according to
system organ class. Of the 19 patients who suffered from skin disorder

1160 © 2014 by American Society of Clinical Oncology

complications, 15 patients experienced improvement, whereas the
remaining patients discontinued treatment because of PD or switched
to other post treatments. One patient who had a history of psoriasis
before the study treatment developed two serious skin disorders (tox-
icoderma and psoriasis vulgaris) during the study period.

Fifteen serious treatment-related AEs were observed among eight
patients (22%); these AEs included grade 3 polymyositis in one patient,
grade 2 cytomegalovirus retinitis in two patients, and grade 4 second
primary malignancy in one patient with AITL. All patients improved over
time, and there were no deaths related to AEs.

Pharmacokinetics and Pharmacodynamics

The mean maximum mogamulizumab concentration and
trough mogamulizumab concentration (* standard deviation) in
plasma after the eighth infusion were 45.9 = 9.3 and 29.0 = 13.3
ug/mL, respectively. Antimogamulizumab antibodies were not
detected after dosing in any patients. These results were consistent
with the findings of a previous study of patients with ATL.*® As an
exploratory study, we assessed the effect of mogamulizumab on the
number of CD4+/CD25+/Foxp3+ cells (the Treg cell subset) and
CD45+/CD16+/CD56+ cells (the NK cell subset). Patients given
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Table 3. Treatment-Related Adverse Events (N = 37)

All Grade
Grades =3

Adverse Event” No. % No. %

Hematologic
- Lymphocytopen
- Leukocytopenia
“Thrombocytope
Neutropenia -
Anemia -
- Febrile neutropenia =~
Nonhematologic
Pyrexia
Infusion reaction
ALT increased
ALP increased
Hypophosphatemia
Hypokalemia
Infection
Oral candidiasis
Pneumonia

—_

NNNODO = = =2 =2 = a2 No®o© =

Herpes esophagitis

Polymyositis

Second primary malignancyt
Skin and subcutaneous tissue disorders (SOC). ' 1

W wWwwwwwo o,

“ol
—

(5 =

‘Rash pa‘pUIar‘ e
- Rash erythematous
- Psoriasis
- 'Rash maculopapular
- Toxic skin eruption

el el AN i v e o o o s e O O

o

Abbreviations: ALP, alkaline phosphatase; SOC, System Organ Class (accord-
ing to the Medical Dictionary for Regulatory Activities).

“Treatment-related adverse events that were reported in at least 15% of
patients or that were of grade 3-4 severity.

tDiffuse large B-cell lymphoma was reported in one patient with angioim-
munoblastic T-cell lymphoma.

mogamulizumab exhibited a profound depletion of the Treg cell
subset during treatment, and cell levels had not returned to base-
line 4 months after the last dose (Fig Al). Mogamulizumab also
caused a modest decrease in the NK cell subset during treatment
(data not shown).

This report described results from a single-arm, open-label multi-
center phase II study of mogamulizumab in patients with relapsed
CCR4-positive PTCL and CTCL.

Mogamulizumab showed promising antitumor activity, with an
ORR of 35% (95% CI, 20% to 53%) and a CR/unconfirmed CR of
14%. These data were consistent with those reported with relapsed
ATL.* It is notable that all three patients who relapsed after auto-
peripheral blood stem-cell transplantation responded to mogamuli-
zumab. The total ORR is comparable to that of other US Food and
Drug Administration-approved drugs, such as pralatrexate and ro-
midepsin.'®'! However, the present study differed from previous
studies in several important respects. Firstly, the patient population
was smaller than in the pralatrexate or romidepsin studies. Secondly,
since it has been reported that CCR4 expression correlated with ad-

www.jco.org

vanced disease,?* it is important to note that although these two
studies enrolled relapsed and refractory patients irrespective of their
CCR4 expression status, the present study only recruited relapsed
patients who were CCR4-positive. However, almost all patients in the
present study had good PS compared with those patients in the previ-
ous studies. Thirdly, all patients with MF (n = 7) in the present study
had relapsed after systemic chemotherapies and were presumed to
have advanced stage disease, because all of these patients exhibited
clinical skin tumors. Further, four of these seven patients exhibited
clinically abnormal lymph node swelling, which does not usually oc-
cur at stages lower than IIB.'*"

In future study, PFS may also be improved by a longer continu-
ous dosing schedule, such as a phase I/1I study for CTCL.>!

Although the number of patients was relatively small in the pres-
ent study, the ORR for the AITL group (50%; six of 12) seemed
noteworthy, while appearing relatively low in patients with PTCL-
NOS (19%; three of 16). However, the three patients with PTCL-NOS
who responded to mogamulizumab achieved durable PFS (9.0,
10.1+, and 10.8+ months; +, censored). Further studies are needed
to identify which CCR4-positive T-cell lymphoma patients are most
likely to benefit from mogamulizumab therapy.

There was no definite correlation between ORR and patient
characteristics, such as age, CCR4 expression level, or number of
previous systemic regimens. Although our study only included CCR4-
positive patients with PTCL and CTCL, a recent US phase I/II study of
mogamulizumab included both CCR4-positive and CCR4-negative
patients with CTCL.”" In that study, mogamulizumab exhibited effi-
cacy irrespective of CCR4 expression (positive or negative) or CCR4
expression level, with a continuous dosing schedule.”® Further studies
are needed to define if CCR4 positivity represents a useful predictive
biomarker in either PTCL or CTCL.

CCR4-positivity was confirmed in 78% of the 64 screened pa-
tients, a higher rate than previously reported.”®*! However, it is pos-
sible that this variation in CCR4 positivity was due to differences in
immunohistochemistry assay sensitivity. In our ongoing CTCL phase
III study, our protocol permitted recruitment of both CCR4 positive
and negative CTCL patients (NCT01728805). This is because the
detection limit of CCR4 positivity may not be yet fully established, and
mogamulizumab might have antitumor activity against CCR4-
negative tumors through the depletion of CCR4-positive regulatory T
cells,*® thus enhancing pre-existing CD8+ cytolytic T-lymphocytes.
Based on the latter new concept, an investigator-initiated trial of
mogamulizumab against CCR4-negative solid tumors has been initi-
ated (UMIN000010050).

Most of the AEs associated with mogamulizumab were mild and
reversible. One patient suffered from polymyositis, an immune-
related serious AE, after seven doses of mogamulizumab. The patient
improved after steroid pulse therapy, treatment with tacrolimus hy-
drate, and continuous rehabilitation. Although drug-induced myosi-
tis was a possible cause, the relationship between mogamulizumab
and myositis was not determined, even after detailed investigation. In
our study, skin rash could also represent an immune-related AE, as
other immunotherapies, including ipilimumab and zanolimumab,
cause similar skin toxicity."®*® In addition, this may relate to the
antitumor mechanism of mogamulizumab, because CCR4 contrib-
utes to skin-specific lymphocyte homing.*® Indeed, a previous study
revealed that patients who developed skin disorders ultimately had
better therapeutic responses to treatment.* In the present study, of the
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