LETTERS TO THE EDITOR

Molecular remissions are observed in chronic adult
T-cell leukemia/lymphoma in patients treated with
mogamulizumab

Adult T-cell leukemia/lymphoma (ATL) is an aggressive
T-cell malignancy caused by human T lymphotropic virus
type-1 (HTLV-1). Several patients with relapsed/refracto-
ry ATL treated with a monoclonal antibody that targets
C-C chemokine receptor 4 (CCR4, www.clinicaltrials.gov
NCT016266664)' achieved durable remissions, including
one patient who has remained in remission 64 months
since trial entry. To define the molecular correlates of
response to therapy, we quantified minimal residual dis-
ease (MRD) in four trial participants. Mogamulizumab
reduced the HTLV-1 proviral load (PVL) and the abun-
dance of the malignant clone by >2-logs (to <1% of
peripheral blood mononulear cells (PBMC)) by day 56. In
patients who achieved long-term progression-free sur-
vival, mogamulizumab reduced the abundance of the
malignant clone to undetectable levels in the blood, and
PVL was reduced to below the reported burden of
patients at risk of ATL. Conversely, despite having a clin-
ical response to therapy, the malignant clone remained
highly abundant (9% to 55% of PBMC) in the patient
with acute ATL who later progressed. We conclude that
(1) anti-CCR4 should be further evaluated in clinical tri-
als, particularly in the setting of ‘indolent’ ATL subtypes
and (2) ATL-specific molecular diagnostic methods are
critical for guiding therapeutic decisions with all agents.

CCR4 is highly expressed by HTLV-1 infected cells in

Table 1.
Treatment Months receiving

mogamulizumab

pre mogamulizumab

asymptomatic carriers’ and by malignant cells in ATL,®
where increased surface expression of CCR4 is associated
with cutaneous manifestations and poor overall survival
(OS)." Approximately 30% of ATL cases have gain-of
function mutations (C-terminal truncations) in the CCR4
gene which inhibit receptor internalization after ligand
binding.”* Mogamulizumab is a humanized, afucosylat-
ed monoclonal antibody that targets CCR4. In Japan,
mogamulizumab was licensed for ATL following phase 1
and 2 clinical trials (NCT00355472" and NCT00920790°)
in the setting of relapsed/refractory ATL. Three out of six
patients with the chronic unfavorable subtype showed
progression-free survival (PFS) at 1 year in the phase 2
trial”  Furthermore, the presence of gain-of-function
mutations in CCR4 are associated with significantly
longer PFS when treated with mogamuliuzmab."
Quantitative analysis of HTLV-1 proviruses can provide
clinically useful information about the response to thera-
py in ATL." During viral replication, the HTLV-1 provirus
is inserted into the host DNA by integration at a semi-
random location within the host cell genome."” Each inte-
grated provirus is inherited on cell division, thus, map-
ping and quantification of HTLV-1 integration sites can
be used to measure the abundance of clonal populations
of HTLV-1 infected cells. In 91% of ATL cases, malignant
cells are clonal, with a single dominant proviral genomic
integration site in the malignant tissue.” Monoclonal
ATL cells also share a unique T-cell receptor (TCR), and
thus express a common TCRVbeta (TCRV) subunit.”
Together, HTLV-1 integration sites and TCR sequences

Outcome & further
treatment

Best clinical Reason
response**  for discontinuing

(best response)

mogamulizumah (best response)

Cl Chronic 1. AZT/IFN (PR) 14 CRu Suspected local CR. 64 months PFS post IFRT
unfavorable 2. Bortezomib/basiliximab (CR) cutaneous only. Alive with no further
3. AZT/IFN (SD) disease systemic treatment.
C2 Chronic 1.VPA (SD) 29 CR Progressive skin Hematological relapse
unfavorable 2. AZT/IFN (CR) hypersensitivity was observed at 15 months
3. VPA (SD) after last dose. Treated with
4. Etoposide (PD) PEP-C (SD), lenalidomide (PD),
5. AZT/IFN (SD) CHOP (PR), FC (SD), GVD (SD)
chemotherapy. Alive with disease
59 months post trial entry.
C3 Chronic 1. AZT/IFN (CR) 2 CR Presumed Cutaneous and leukemic
unfavorable 2. Bortezomib/basiliximab (CR) drug-induced relapse occurred 4.7 months
3. Etoposide (CR) pulmonary toxicity  after discontinuation. Treated
4. Gemcitabine/Oxaliplatin (PD) in a phase 1 study BET-inhibitor
(PD), PEP-C (CR) and
RIC allo-HSCT. Alive with no
detectable HTLV-1 at 30 months
post allogeneic transplant.
Al Acute 1. AZT/IFN (PD) 16 CR Developed Treated with IFRT and PEP-C
2. Gemcitabine/Oxaliplatin (PD) localized maintenance (CR), CHOP(PD),
lymphoma lymphoma BV (PD). Died from

disease 46 months post trial entry.

*Patients were subtyped according to criteria outlined in Shimoyama et al. 1991 and Fukushima et al. 2014. **Investigator assessment; AZT (zidovudine),IFN (interferon),
VPA (valproate, histone deacetylase inhibitor), IFRT (involved field radiotherapy),PEP-C (procarbazine, etoposide, prednisolone, cyclophosphamide), CHOP (cyclophos-
phamide, doxorubicin, vincristine, prednisolone), FC (fludarabine, cyclophosphamide), GVD (gemcitabine, vinorelbine, dexamethasone), BET (bromodomain and extra-
terminal motif), CRu (unconfirmed complete response), CR (complete response), PR (partial response), SD (stable disease),PD (progressive disease).
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can be utilized to monitor the kinetics of malignant cells  Research was conducted under the governance of the
and multidrug resistance (MRD) during treatment. Communicable Diseases Research Group Tissue Bank,
Outside of Japan, mogamulizumab has been investigat-  approved by the UK National Research Ethics Service
ed in the recently reported KW0761-009 study' (intra-  (09/H0606/106, 15/SC/0089).
venous mogamulizumab 1.0 mg/kg once weekly for 4 After two 28-day cycles of treatment with moga-
weeks and biweekly thereafter), where an 11% overall —mulizumab, there was a significant reduction in the pro-
response rate with mogamulizumab was reported versus  portion PBMC infected with HTLV-1 in individuals with
0% with investigator’s choice chemotherapy. Here, we  chronic unfavorable ATL (C1, C2 and C3, Figure 1A, B).
present HTLV PVL and MRD levels of the dominant By day 56 (Cycle 2, day 28), all three patients had expe-
clone in a cohort of patients treated as part of the rienced a 2-log reduction in PVL (proviruses per 100
KW0761-009 study in UK centers (Table 1). All patients PBMC) from pre-mogamulizumab levels: C1 from 32%
had leukemia-type ATL (one acute and three chronic  to 0.07% of PBMC; C2 from 25% to 0.13%; and C3 from
unfavorable), reached the first assessment point at the  122% to 0.88%. At day 56, the patient with acute ATL,
end of cycle 1 and were followed up for a median 60.1 A1, experienced a modest reduction in PVL (~0.2-log
months (range 46.1-63.7 months) from randomization from 44% to 28% of PBMC) with slower kinetics.
(census date November 2018). Patients attended the  Though A1l only experienced a modest reduction in PVL,
National Center for Human Retrovirology (Imperial he did experience a 1-log reduction in white cell count,
College Healthcare NHS Trust, St Mary's Hospital, consistent with hematological remission.

London) where written informed consent was obtained. After the last infusion, patient C1 (who achieved a long
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Figure 1. Proviral load and minimal residual disease kinetics of four ATL patients. (A) Proviral load (PVL) during treatment with mogamulizumab. The proportion
of peripheral blood monanuclear cells (PBMC) infected with HTLV-1 was estimated by quantitative PCR (qPCR) for HTLV-DNA and the beta globin gene using a
method previously reported in Demontis et al.** For each time point, log change was calculated using the formula: log10((time point value)/(pre-mogamulizumab
value)). (B) Kinetics of malignant (red and blue) and HTLV-1-infected cells (grey filled) in the study cohort. HTLV-1 integration sites were mapped using the lig-
ation-meditated PCR (LM-PCR)/high throughput sequencing protocol described in detail in Gillet et al.*? Primers were designed to specifically amplify sequences
unique to the malignant clone in each patient by pairing a primer located in the 3’LTR of HTLV-1 with a primer located in the human genome adjacent to the
dominant HTLV-1 integration site.” In the case of patient C2, the dominant integration site was located in a repetitive region of the human genome. Thus, spe-
cific primers were designed which amplified DNA of the rearranged T-cell receptor (TCR) in the malignant clone. The first (Cycle 1, day 1) and last mogamulizum-
ab infusions are indicated by vertical dashed lines. RT indicates localized radiotherapy (black arrows). Copy numbers were estimated by quantitative PCR (blue)
and linker-mediated PCR and next-generation sequencing (red), and expressed per 100 PBMC. Blue arrows indicate time points at which the malignant clone
was undetectable by qPCR.
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Figure 2. Flow cytometric staining of CCR4 expression on malignant cells. PBMC from patient A1 were stained as described in Rowan et al.*: with a viability
stain and antibodies specific for CD3, CD4, CD8, TCRVf5.1 and with two different anti-CCR4 mAb clones. Cells were gated on live, single, CD3*CD8 TCRV5.1*

lymphocytes based on fluorescence minus one controls.

remission) maintained a mean PVL of 0.4% post therapy
(50 months follow up). In the two patients (C2 and C3)
who relapsed after achieving a PVL of <1% during thera-
py, a PVL of <1% was maintained for 7 months (C2) and
2 months (C3) after the last infusion, rising gradually to
the pre-mogamulizumab treatment levels at relapse
(Figure 1B). The PVL of patient Al returned to pre-moga-
mulizumab levels 16 months after the last infusion.

The genomic location of integrated HTLV-1 proviruses
was mapped by high throughput sequencing. A single
unique clonal integration site was dominant in pre-moga-
mulizumab samples from patients C1, C2 and Al.
Patient C3 had five equally dominant integration sites
which likely represent five HTLV-1 integrations in a sin-
gle, TCRVB3-expressing malignant clone." Integration-
site mapping was performed at multiple time points in
each individual (Figure 1B) and confirmed by quantitative
PCR (qPCR) to detect the dominant clone.

A 2.7- to 3-log reduction in the abundance of the
malignant clone was observed by day 56 in patients C1,
C2 and C3 (Figure 1B). At later time points in C1 the
malignant clone was either undetectable, or detectable at
very low, stable levels off treatment (~5-log reduction
from initial abundance). In patient C2, the abundance of
the malignant clone was stable up to 11 months after the
final infusion, while off all therapy, but increased by >3-
log in abundance by 15 months after the final infusion. A
relapse was confirmed at this point. The greatest reduc-
tion in the malignant clone abundance in patient A1 was
0.7-logs, achieved at the end of mogamulizumab treat-
ment.

Given the different kinetics of response in patient A1,
we analyzed the expression of CCR4 on the malignant
clone (TCRVpS.1" cells) using two anti-CCR4 antibodies
(clones 1G1 and L291H4), (Figure 2). Prior to treatment
with mogamulizumab, expression of CCR4 on
TCRVB5.1" cells was bimodal, with CCR4™& " <medvm by,
clone 1G1, CCR4™ ™" by clone L291H4. After one

cycle of mogamulizumab, the CCR4"* TCRVp5.1" popu-
lation was no longer detectable in PBMC. Six months
after the final infusion, TCRVB5.1" cells were CCR4"&"
by 1G1 staining, and low or negative by L291H4 staining.

The results presented here demonstrate that complete
hematological responses can be achieved through moga-
mulizumab monotherapy: three heavily pretreated
patients with aggressive leukemic ATL (presenting with-
out significant nodal disease) have remained alive a mean
of 61 months since trial entry (range 58-63 months).

Mogamulizumab induced a rapid response in patients
with chronic unfavorable ATL, with a 2-log reduction in
HTLV-1 proviral load within the first two cycles of ther-
apy, and the malignant clone becoming undetectable in
some patients. We previously reported a patient in whom
oral zidovudine and subcutaneous interferon-a
(AZT+IEN) induced durable treatment-free remission (5
years off therapy at the time of publication)." The rapid
reduction in the burden of malignant cells on treatment
with mogamulizumab contrasts dramatically with the
much slower rate at which malignant cells were cleared
by AZT+IEN treatment: 4.5 years of AZT+IEN treatment
were able to reduce the abundance of the malignant
clone to 0.01% PBMC, versus ~3 months of moga-
mulizumab. Mogamulizumab also reduced the proviral
load in the blood to levels (<1% of PBMC) below the
expected viral burden of patients at risk of ATL.

Despite achieving a complete hematological response,
the patient with the acute ATL maintained a high proviral
load which was dominated by the malignant clone.
Resistance to mogamulizumab therapy was attributed to
a positive selection of a CCR4°"™#" sybpopulation of
malignant cells which was present prior to treatment.

Being unable to detect MRD was associated with long
remission after therapy in one patient (C1), whereas in
two other patients (C2 and C3) MRD as low as 0.03% of
PBMC was followed by a relapse with the same malig-
nant clone. This was not attributable to the mutational
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status of CCR4: as whole exome sequencing detected a
CCR4 mutation (Y331*) in patient C2 only. Despite the
small number of patients in the present study, our data
are consistent with published follow-up of trials conduct-
ed in Japan.’ In this report, a subgroup (25-31%) of
patients with ATL who received mogamulizumab
monotherapy survived >3 years.

Mogamulizumab clearly warrants further evaluation
within clinical trials in chronic favorable and smoldering
subtypes, before disease transformation. This and other
studies indicate that individuals with high levels of MRD
required further treatment and are likely to progress,
whereas individuals with low/undetectable levels of
MRD are more likely to achieve long-term treatment-free
remission. Therefore, we recommend that real-time
molecular analysis of MRD should form part of all future
trials of anti-ATL agents.
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