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Adult T-cell leukemia/lymphoma (ATL) is caused by human T-cell
lymphotropic virus type 1.2 Patients, especially those with an
aggressive variant (acute, lymphoma, and unfavorable chronic
subtypes),** have an extremely poor prognosis.'” Because CCR4
is expressed on tumor cells from most patients with ATL® a
therapeutic anti-CCR4 monoclonal antibody, mogamulizumab,
has been developed.""* Gain-of-function mutations of CCR4
have been reported in ATL, associated with alterations at the
carboxyl terminus'#1¢; therefore, the aim of the present study was
to determine their significance for responsiveness of such patients
in the mogamulizumab era.

We analyzed tumor samples from 116 patients with ATL. Diagnosis
and assignment of clinical subtypes of ATL were conducted ac-
cording to Japan Lymphoma Study Group recommendations."
Tumor samples were obtained at the time of initial presentation
at the hospital, and we used the clinical characteristics recorded
atthat time as baseline data. All donors provided written informed
consent before tumor sampling according to the Declaration of
Helsinki, and the present study was approved by the institutional
ethics committees of Nagoya City University Graduate School of
Medical Sciences and Imamura General Hospital.

Using the QlAamp DNA FFPE Tissue Kit (56404; QIAGEN Inc.,
Germantown, MD), genomic DNA was extracted from formalin-
fixed, paraffin-embedded biopsy tissues in the 82 patients
diagnosed with ATL by histopathology. Genomic DNA was
extracted from peripheral blood mononuclear cells of 34 patients
with ATL using the AllPrep DNA/RNA Mini Kit (80204; QIAGEN
Inc.). Only peripheral blood mononuclear cells containing >30%
abnormal lymphocytes were included in the present studly.

DNA fragments encompassing codons 322 to 348 of CCR4 were
amplified from genomic DNA using the primers shown in sup-
plemental Table 1, available on the Blood Web site. Polymerase
chain reaction products were purified and directly sequenced using
the BigDye Terminator 3.1 System (Applied Biosystems, Foster
City, CA) and analyzed on an ABI PRISM 3130 Genetic Analyzer
(Applied Biosystems). The mutations were validated using both
sense and antisense sequence primers (supplemental Table 1), and
all samples were tested in at least 2 independent experiments.

DNA fragments containing codons 322 to 348 of CCR4 were
amplified in the same manner (supplemental Table 1), and CCR4
nonsense mutations C329*, Q330%, Y331*, Q336*, and Y347%,
which have been previously reported,’#'® were detected using
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the SNaPshot Multiplex Kit (Applied Biosystems). The fluores-
cence type and size of the extended products were determined
by capillary electrophoresis on an ABI PRISM 3130 Genetic
Analyzer with the aid of GeneMapper v4.0 software (Applied
Biosystems). The mutations were validated using both sense and
antisense probe primers (supplemental Table 1), and all samples
were tested in at least 2 independent experiments.

Differences between the 2 groups were examined with the Fisher's
exact test or Mann-Whitney U test. Survival was estimated using
the Kaplan-Meier method and compared using the log-rank test.
The start date for assessing progression-free survival (PFS) and
overall survival (OS) was the day when the tumor sample was
obtained. PFS was defined as time to progression, relapse, or death
resulting from any cause, whichever occurred first. All analyses were
carried out with the SPSS Statistics 17.0 package (IBM, Armonk,
NY), and P < .05 (2 sided) was considered significant.

The patients with ATL enrolled in this study included 54 men and
62 women (age range, 41-90 years; median, 64 years). They in-
cluded 73 patients with acute, 20 with lymphoma, 7 with un-
favorable chronic, 4 with favorable chronic, and 12 with smoldering
subtypes. CCR4 gene alterations leading to amino acid changes
were observed in 38 patients (32.8%). They included 11 C329*%,
4.Q330% 9Y331*,5Q336*, 2 R323fs, 1 F326fs, 1 C329fs, 2 Y331fs,
and 3 S345fs CCR4 mutations (supplemental Figures 1 and 2).

There were no significant differences in age, sex, clinical variant,
Eastern Cooperative Oncology Group performance status, se-
rum soluble interleukin-2 receptor level, serum-adjusted cal-
cium, Ann Arbor stage, white blood cell counts, hemoglobin, or
platelet counts between patients with or without CCR4 muta-
tions (Table 1). There were also no significant differences in
mogamulizumab treatment strategies between patients with or
without CCR4 mutations (supplemental Table 2).4* Therefore, no
obvious clinical features distinguish patients with ATL with CCR4
mutations from those without.

Five-year PFS and OS in the present study were 27.5% (sup-
plemental Figure 3A) and 46.2% (Figure 1A), respectively.
Neither PFS (supplemental Figure 3B) nor OS (Figure 1B) was
significantly different on stratification according to CCR4
mutations. Five-year PFS and OS of patients with an indolent
variant were 74.0% and 93.8%, but only 19.0% and 38.0% for
those with an aggressive variant, respectively (P = .001 and
P = .002, respectively; supplemental Figure 3C; Figure 1C). In
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Table 1. Characteristics of patients with ATL according
to CCR4 mutations

Total N (%) of patients

CCR4 mutations

Absence Presence
Characteristic (n = 78) (n = 38)
Age, years 243
=70 57 (73) 32 (84)
>70 21 (27) 6 (16)
Sex 693
Female 43 (55) 19 (50)
Male 35 (45) 19 (50)
Clinical variant .258
Indolent 13 (17) 3(8)
Aggressive 65 (83) 35 (92)
ECOG PS .393
0-1 53 (68) 29 (76)
2.4 25 (32) 9 (24)
sIL2R, U/mL 1403
=20000 44 (61) 26 (70)
>20000 28 (39) 11 (30)
Serum Ca*, mg/dL 1.000
=11 62 (85) 31 (84)
>11 11 (15) 6 (16)
Serum Alb, g/dL 664
=35 50 (68) 27 (73)
<35 23 (32) 10 (27)
Stage .270
I, 1l 79 13)
I, v 71 (91) 37 (97)
White blood cell 418
counts, x10°/L
Mean 16.4 19.1
Median 9.6 7.7
Range 2.5-115.9 2.5-232.1
Hemoglobin, g/dL .586
Mean 12.6 12.8
Median 12.8 13.0
Range 7.9-16.0 8.8-16.3
Platelet counts, x10°/L .083
Mean 200 239
Median 200 236
Range 28-443 120-602

Alb, albumin; Ca, calcium; ECOG PS, Eastern Cooperative Oncology Group performance
status; sIL2R, soluble interleukin-2 receptor.

*When serum Alb level was <4.0 g/dL, serum Ca was adjusted by the concentration of
serum Alb as follows: adjusted Ca level (mg/dL) = measured Ca level (mg/dL) + [4 — Alb
level (g/dL)].

the latter, there were also no significant differences in PFS
or OS according to CCR4 mutations (supplemental Figure 3D;
Figure 1D). In patients not receiving mogamulizumab-containing
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treatment or allogeneic HSCT, CCR4 mutation status had no
significant impact on PFS (supplemental Figure 3E) or OS
(Figure 1E). The same was true for patients who did receive
allogeneic HSCT (supplemental Figure 3F; Figure 1F). Together,
these indicate that CCR4 gain-of-function mutations do not have
any prognostic impact in patients with ATL receiving different
therapies not including mogamulizumab.

In contrast, for patients who did receive mogamulizumab-
containing treatment (but no allogeneic HSCT), 5-year PFS
and survival from the day of the first dose of antibody were
63.6% and 72.2% in those with CCR4 mutations, but not reached
and only 26.2% in those without, respectively (P = .023 and
P = .027, respectively; supplemental Figure 3G; Figure 1G).
Subdividing the cohort into patients with or without an aggressive
variant revealed that those receiving mogamulizumab-containing
treatment (but no allogeneic HSCT) had 5-year PFS and OS from
the day of the first antibody dose of 70.0% and 80.0% in the group
with CCR4 mutations, but only not reached and 24.7% in the
group without, respectively (P = .007 and P = .006, respectively;
supplemental Figure 3H; Figure 1H). These findings are likely
due to CCR4 gain-of-function mutations leading to impaired
CCR4 internalization upon ligand binding, resulting in increased
CCR4 expression even in the presence of the ligand.'*'® In any
event, these findings in patients with ATL with CCR4 mutations
who received mogamulizumab-containing treatment, as observed
in the present study, do seem surprising and suggest that this
group responds especially well to this approach. Thus far, it has
been generally accepted that allogeneic HSCT is the only curative
treatment for ATL,?'® but our present study indicates that a subset
of patients with gain-of-function CCR4 mutations actually ex-
perienced long-term survival with- mogamulizumab-containing
treatment without allogeneic HSCT. Mogamulizumab is currently
approved for the treatment of CCR4" peripheral T-cell lympho-
mas other than ATL in Japan'? and will be approved for the
treatment of cutaneous T-cell lymphoma globally.2°2' The
CCR4 gain-of-function mutations represent excellent bio-
markers for mogamulizumab treatment outcome not only in
ATL, but likely also in other types of T-cell lymphoma including
cutaneous T-cell lymphoma.

Although the present study is valuable for clinical hematologists,
its limitations need to be borne in mind. The patient cohort
was relatively small, with consequent limitations on our ability
to draw definitive conclusions about the sensitivity of ATL
to mogamulizumab treatment. Therefore, a confirmation study
analyzing more tumor samples from patients enrolled in pro-
spective trials such as the MIMOGA study (registered at http://
www.umin.ac.jp/ctr/ as #UMINO00008696) is warranted.

In conclusion, CCR4 gain-of-function mutations determine sen-
sitivity to mogamulizumab treatment in ATL. Additional inves-
tigations to clarify the mechanisms responsible for the present
observations are warranted.
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Figure 1. Survival of patients with ATL stratified according to CCR4 mutations. (A) Five-year OS of all 116 patients with ATL was 46.2% (95% confidence interval [Cl], 35.8%-
56.6%). (B) Five-year OS of the 38 patients with CCR4 mutations and 78 patients without mutations was 40.0% (95% Cl, 20.0%-60.0%) and 48.9% (95% Cl, 36.4%-61.4%),
respectively. (C) Five-year OS of the 16 patients with indolent variant and 100 patients with aggressive variant was 93.8% (95% Cl, 81.8%-100.0%) and 38.0% (95% Cl, 26.8%-49.2%),
respectively. The former was significantly higher than the latter. (D) Among the patients with ATL with aggressive variant (n = 100), 5-year OS of those with CCR4 mutations
(n = 35) or without (n = 65) was 38.5% (95% Cl, 18.5%-58.5%) and 38.0% (95% Cl, 24.5%-51.5%), respectively. (E) Among the 43 patients with ATL who did not receive any
mogamulizumab-containing treatment or allogeneic hematopoietic stem-cell transplantation (HSCT), 5-year OS in the 13 with CCR4 mutations and 30 without was not reached
and 51.4% (95% Cl, 31.2%-71.6%), respectively. (F) Among the 31 patients with ATL who did receive allogeneic HSCT, 5-year survival from the day of allogeneic HSCT in the
14 patients with CCR4 mutations and 17 without was 42.9% (95% Cl, 17.0%-68.8%) and 60.3% (95% Cl, 35.6%-85.0%), respectively. (G) Among the 42 patients with ATL who
received mogamulizumab-containing treatment but no allogeneic HSCT, 5-year survival from the day of the first dose of antibody in the 11 patients with CCR4 mutations and
31 without was 72.7% (95% Cl, 46.4%-98.7%) and 26.2% (95% Cl, 8.0%-44.4%), respectively. This difference reached statistical significance. (H) Among the 38 patients with ATL with
aggressive variant who received mogamulizumab-containing treatment but no allogeneic HSCT, 5-year survival from the day of the first dose of antibody in the 10 patients with
CCR4 mutations and 28 without was 80.0% (95% Cl, 55.3%-100.0%) and 24.7% (95% Cl, 6.3%-43.1%), respectively. This difference was also statistically significant. Survival curves
were compared using the log-rank test, and the P value is indicated in each panel.
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TO THE EDITOR:

Treatment of IgM-associated immunoglobulin light-chain
amyloidosis with rituximab-bendamustine

Richa Manwani, Sajitha Sachchithanantham, Shameem Mahmood, Darren Foard, Faye Sharpley, Tamer Rezk, Thirusha Lane, Cristina Quarta,

Marianna Fontana, Helen J. Lachmann, Julian D. Gillmore, Carol Whelan, Philip N. Hawkins, and Ashutosh D. Wechalekar

National Amyloidosis Centre, University College London (Royal Free Campus), Rowland Hill Street, London, United Kingdom

Systemic amyloid light-chain amyloidosis (AL) is characterized
by deposition of misfolded immunoglobulin light chains within
organs. AL with an immunoglobulin M (IgM) monoclonal protein
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(IgM-AL) accounts for 5% to 7% of AL and exhibits more prevalent
lymph node, neuropathic, and lung involvement, less prevalent
cardiac involvement, and lower amyloidogenic light chains.!
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