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Key Points

• Treatment with IL-15
before alemtuzumab
was safe and led to
decreased number and
proliferative activity of
T-cell leukemic cells.

• IL-15 was associated
with increased
activation and
proliferation of
patient-derived NK
and CD8+ T cells,
increasing their
ADCC capacity.
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Interleukin-15 (IL-15) monotherapy substantially increases the number and activity of

natural killer (NK) cells and CD8+ T cells but has not produced clinical responses. In a

xenograft mouse model, IL-15 enhanced the NK cell–mediated antibody-dependent cell

cytotoxicity (ADCC) of the anti-CD52 antibody alemtuzumab and led to significantly more

durable responses than alemtuzumab alone. To evaluate whether IL-15 potentiates ADCC in

humans, we conducted a phase 1 single-center study of recombinant human IL-15 and

alemtuzumab in patients with CD52-positive mature T-cell malignances. We gave IL-15

subcutaneously 5 days per week for 2 weeks in a 3 + 3 dose escalation scheme (at 0.5, 1, and

2 μg/kg), followed by standard 3 times weekly alemtuzumab IV for 4 weeks. There were no

dose-limiting toxicities or severe adverse events attributable to IL-15 in the 11 patients

treated. The most common adverse events were lymphopenia (100%), alemtuzumab-related

infusion reactions (90%), anemia (90%), and neutropenia (72%). There were 3 partial and

2 complete responses, with an overall response rate of 45% and median duration of response

6 months. Immediately after 10 days of IL-15, there was a median 7.2-fold increase in NK cells

and 2.5-fold increase in circulating CD8+ T cells, whereas the number of circulating leukemic

cells decreased by a median 38% across all dose levels. Treatment with IL-15 was associated

with increased expression of NKp46 and NKG2D, markers of NK-cell activation, and increased

ex vivo ADCC activity of NK cells, whereas inhibitory receptors PD1 and Tim3 were

decreased. This trial was registered at www.clinicaltrials.gov as #NCT02689453.

Introduction

Adult T-cell leukemia/lymphoma (ATL) is a highly aggressive malignancy caused by the human
T-lymphotropic virus-1 retrovirus.1 Although patients with the indolent smoldering and chronic subtypes
have median overall survival (OS) of 6 to 8 years, those with the more common acute and lymphoma
subtypes, along with the more recently delineated high-risk chronic and aggressive cutaneous subtypes,
have median OS of less than a year from diagnosis.2 Allogeneic stem cell transplantation (alloSCT) is the
only known curative treatment for ATL, with a 30% to 40% cure rate described in Japan3; however, most
patients treated in North America have chemotherapy-refractory disease and have no clear survival benefit
from alloSCT.4 Mogamulizumab, an immunoglobulin G4 monoclonal antibody targeting C-C chemokine
receptor type 4, has been approved in Japan for treatment of relapsed/refractory ATL, but the overall
response rate in the global phase 2 study was less than 20%.5
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Our group had conducted a single-center phase 2 study of alem-
tuzumab (CAMPATH) 12-week monotherapy in patients with
aggressive subtypes of ATL, in which the overall response rate
(ORR) was 40% but the median duration of response was only
3 months.6 Prolonged treatment with alemtuzumab is also asso-
ciated with an increased incidence of opportunistic infections and
viral reactivation.7 The infection rfisk is further increased by ATL
itself, as the malignant cells have an immunosuppressive T-regu-
latory cell phenotype and function.8 Alemtuzumab is an immuno-
globulin G1 monoclonal antibody that targets the cell surface
glycoprotein CD52, also known as the CAMPATH-1 antigen,
expressed by most lymphoid malignancies including more than
90% of cases of ATL and peripheral T-cell lymphoma not otherwise
specified (PTCL-NOS).9-12 It achieves its tumor-killing effect chiefly
through antibody-dependent cell-mediated cytotoxicity (ADCC),
which is mediated by natural killer (NK) cells and macrophages.13

To enhance the ADCC activity of alemtuzumab we tested it in
combination with interleukin-15 (IL-15) in an animal model of
ATL.13 IL-15 is a cytokine of the α-helix bundle family that shares 2
receptor components: IL-2 receptor-β (IL-2/15R-α or CD122) and
the common γ chain with IL-2.14-17 In a multicenter phase 1 study
of subcutaneous recombinant human (rh)IL-15 monotherapy for
patients with solid tumors, it did not lead to tumor responses but
did achieve an eightfold increase in circulating NK cells and a
threefold increase in CD8+ T cells.18 We hypothesized that the
increase of NK-cell count would lead to enhanced ADCC activity of
antitumor antibodies. With this in mind, we tested the combination
of IL-15 and alemtuzumab in nonobese, diabetic, SCIDγ (NSG)
mice injected with the ATL cell line MT-119 and demonstrated
superior responses and survival of mice receiving the combination
compared with either agent alone, in support of a human trial.

Here we present the results of the single-center phase 1 study of
subcutaneous rhIL-15 in combination with alemtuzumab for
patients with CD52-positive T-cell lymphomas including ATL and
PTCL-NOS.

Materials and methods

Study design and patients

Patients with the diagnosis of acute and high-risk chronic subtype
ATL, PTCL-NOS, angioimmunoblastic T-cell lymphoma (AITL),
mycosis fungoides/Sezary syndrome, and T-prolymphocytic leuke-
mia who had persistent or relapsed disease after 1 or more lines of
systemic therapy, including alloSCT, were eligible. Other require-
ments included appropriate bone marrow function (hemoglobin > 9
g/dL, absolute neutrophil count > 1000 cells/μL, platelet count >
100 000/μL), liver and kidney function (creatinine ≤ 1.5 g/dL, liver
function tests < 3 times upper limit of normal), performance status
(Eastern Cooperative Oncology Group Performance Status
[ECOG] ≤ 1), and absence of other malignancies, autoimmune
disorders, and conditions requiring the use of more than replace-
ment dose steroids (greater than prednisone 10 mg daily or
equivalent). See supplemental Appendix 1 for full eligibility criteria.

The protocol was registered at clinicaltrials.gov (#NCT02689453)
and was conducted in accordance with the principles of the Decla-
ration of Helsinki. The treatment study was approved by the National
Cancer Institute institutional review board, and all participants signed
informed consent. For the de-identified analysis of circulating tumor
14 FEBRUARY 2023 • VOLUME 7, NUMBER 3
deoxyribonucleic acid (ctDNA) we obtained exemption from institu-
tional review board review.

Treatment and response assessment

Treatment was limited to 6 weeks: subcutaneous rhIL-15 was given
at doses of 0.5, 1, and 2 μg/kg per day (dose levels 1, 2, and 3)
Monday through Friday of the first 2 weeks, followed by titration of
IV alemtuzumab from 3 to 30 mg during week 3, and administration
at full 30-mg dose on Mondays, Wednesdays, and Fridays of
weeks 4 through 6 (supplemental Figure 1A). Dose escalation of
rhIL-15 occurred in cohorts of 3 to 6 participants until the maximum
tolerated dose was reached, defined as the highest dose of rhIL-15
at which ≤1 of 6 participants developed a dose-limiting toxicity
(DLT). There was no intrapatient dose escalation or other modifi-
cation of rhIL-15. We used standard dose adjustment of alemtu-
zumab based on severity of initial and subsequent infusion
reactions and other toxicities (supplemental Figure 1B).

Participants received acetaminophen before each rhIL-15 dose and
acetaminophen and diphenhydramine before each alemtuzumab
dose. Everyone received antiviral prophylaxis with acyclovir 400 mg
twice daily or equivalent, and Pneumocystis jirovecii pneumonia
prophylaxis with Bactrim DS or equivalent. Only participants with
documented history of fungal infections received prophylactic flu-
conazole. After 2 participants developed asymptomatic venous
thromboembolism (VTE) during treatment, mandatory prophylaxis
with oral rivaroxaban or equivalent was instituted.

Restaging by computerized tomography (CT) occurred at the end of
week 3 and week 6 during treatment, then every 60 days for
6 months, and every 90 days for up to 2 years after finishing treat-
ment. Additionally, positron emission tomography (PET) scans were
performed at the end of treatment and at scheduled posttreatment
follow-up. Response and progression were evaluated using the
international consensus criteria for response assessment for partic-
ipants with ATL1 and Response Evaluation Criteria in Solid Tumors
guideline version 1.1 for all other participants.20 Leukemic cells as
percentage of peripheral blood mononuclear cells (PBMCs) and as
absolute numbers were followed by flow cytometry in a Clinical
Laboratory Improvement Amendments (CLIA)-certified laboratory.

Toxicity criteria

We used the revised National Cancer Institute Common Termi-
nology Criteria for Adverse Events (CTCAE) version 5.0 for toxicity
reporting. See supplemental Appendix 1 for definitions of serious
adverse events (SAEs) and DLTs.

Correlative assays

Quantification of immune cell subsets, ADCC analysis, cytokine
measurements, and detection of anti–rhIL-15 antibodies were
performed as previously described.21,22

Results

Eleven participants were enrolled at the Clinical Center of the
National Institutes of Health between January 2017 and June 2020
(Table 1). Median age was 46 years (range, 18-71 years), and 9 of
11 participants (82%) were male. Median number of prior treat-
ments was 2 (range, 1-7), with 9 participants having received prior
anthracycline-based combination chemotherapy. Two participants,
with acute subtype ATL and PTCL-NOS, had relapses after alloSCT.
IL-15 AND ALEMTUZUMAB IN T-CELL MALIGNANCIES 385
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Table 1. Characteristic and outcomes of all enrolled patients

ID Age Sex Diagnosis

Number of

prior treatments Dose level

Best

response

NK cell

increase (fold)

CD8+ T-cell

increase (fold)

1 37 Female ATL-a 7 1 SD 1.04 1.41

2 18 Male ATL-a 1 1 CR 2.81 1.21

3 20 Male ATL-a 2* 1 PD 5.93 2.92

4 48 Male ATL-a 1 2 PD 5.22 3.57

5 66 Male ATL-a 3 2 SD 11.51 4.88

6 41 Male ATL-c 2 2 PR 10.94 3.24

7 71 Female PTCL-NOS 6 2 PD 8.43 0.97

8 51 Male PTCL-NOS 4* 3 CR 4.40 2.15

9 48 Male ATL-c 1 3 PR 15.31 1.95

10 46 Male ATL-a 1 3 PD — —

11 43 Male ATL-a 1 3 SD 17.12 5.98

ATL-a, acute subtype adult T-cell leukemia/lymphoma; ATL-c, chronic subtype adult T-cell leukemia/lymphoma; PD, progressive disease; SD, stable disease.
*Prior treatment includes allogeneic stem cell transplantation.
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Ten of 11 participants were able to complete the 2-week course of
rhIL-15. The 1 participant unable to complete the IL-15 pretreat-
ment had acute subtype ATL with known liver involvement and had
rapidly progressing disease even before treatment initiation; he
stopped protocol treatment and received cytotoxic chemotherapy
after a single dose of rhIL-15 because of acutely worsening intra-
hepatic biliary obstruction and jaundice. Another participant with
acute subtype ATL did not complete the 4 weeks of alemtuzumab
because of progressive disease and refractory hypercalcemia. In
the remaining 9, we were able to administer all 90 planned rhIL-15
doses and 114 of the 117 planned alemtuzumab doses.

Adverse events and tolerability

We did not observe any DLTs among the participants, nor did
administration of rhIL-15 lead to accelerated disease progression
or acute worsening of alemtuzumab-related infusion reactions.
There were 2 SAEs, both VTEs deemed possibly or probably
related to alemtuzumab but not rhIL-15. In both cases, an end-of-
treatment CT scan of the chest showed pulmonary emboli and a
central line-associated thrombus, with normal blood oxygen satu-
ration and no respiratory or cardiac symptoms. Both participants
had resolution of VTE on follow-up scans after removal of the
central line and 3 months of therapeutic anticoagulation. The most
common grade ≥ 3 hematologic adverse events (AEs; Table 2)
were lymphopenia (55%), and leukopenia (45%), whereas 82% of
participants had treatment-emergent anemia of any grade and 36%
had thrombocytopenia of any grade, all of which were attributed to
alemtuzumab. All hematologic toxicities except for lymphopenia
resolved within 4 weeks of therapy completion. Neither of the
2 patients after alloSCT experienced graft-versus-host disease.

There were 4 grade 3 nonhematologic AEs reported among the 11
participants, 1 each of infusion-related reaction, maculopapular
rash, urticaria, and increased serum amylase. The most common
nonhematologic AE of any grade was fever, occurring in all, and
chills in 8 of 11 participants, which were attributed to both drugs.
The frequency and severity of alemtuzumab-associated infusion
reactions were not above what was expected with alemtuzumab;
however, several participants developed marked cutaneous
386 MILJKOVIC et al
reactions shortly after the initial infusions, which in 1 participant led
to a permanent decrease of alemtuzumab dose to 10 mg. Anti–IL-
15 antibodies were not detected in any of the participants.

Clinical efficacy

The overall response rate was 36%, with 2 complete responses (CRs)
and2 partial responses (PRs; Figure 1A).Median duration of response
was 7 months (range, 4 weeks to 14 months). A participant whose
PTCL-NOS relapsed after alloSCT at the site of his original disease
(popliteal fossa) developed a CR that lasted for more than a year. The
second CR was in a participant with acute subtype ATL who was
initially treated with combination chemotherapy without intrathecal
prophylaxis and had predominantly leukemic disease at relapse. The
CR was noted after the first week of treatment with alemtuzumab, but
the participant relapsed in the central nervous system 2 months later.
Notably, the central nervous system remained the only site of disease
until their death 8months later. A participant with chronic subtype ATL
deemed high risk because of tumor-stage cutaneous lesions and
who was refractory to prior combination chemotherapy and radio-
therapy had marked improvement in skin lesions with persistent
residual fluorodeoxyglucose (FDG) uptake on PET even while the
lesions continued shrinking and soluble CD25 normalized (Figure 1B).
Low-level FDG uptake and continuing decrease in size persisted for
several months after completion of treatment, despite no further
treatment until progression 14 months later.

Median number of prior therapies in the responding patients was
1.5 (range, 1-4), whereas the number of prior therapies in the
nonresponding patients was 2 (range, 1-7). The small sample size
precludes any conclusions on the possible relationship of prior
therapy with response.

Contrary to the fear that administration of a cytokine would lead to
rapid progression of T-cell lymphoma, most participants with
detectable leukemic cells at baseline had decreased absolute
leukemic cell counts after the 2-week treatment with rhIL-15
(Figure 1C). As expected, the absolute leukemic cell count
decreased further with alemtuzumab administration, with 3 of 8
participants being minimal residual disease negative by peripheral
blood flow cytometry at the end of treatment.
14 FEBRUARY 2023 • VOLUME 7, NUMBER 3



Table 2. Infectious, hematologic, and other adverse events possibly, probably or definitely related to research, excluding single occurrences

of grade 1 events

CTCAE v5.0 term

All dose levels,

n = 11

Dose level 1 (0.5 μg/kg/d),
n = 3

Dose level 2 (1 μg/kg/d),
n = 4

Dose level 3 (2 μg/kg/d),
n = 4

Grade

1

Grade

2

Grade

3

Grade

4

Grade

≤ 2

Grade

3

Grade

4

Grade

≤ 2

Grade

3

Grade

4

Grade

≤ 2

Grade

3

Grade

4

Infections and infestations (CMV) 4 4

Herpes simplex reactivation 1 1

Shingles 1 1

Sinusitis 1 1

Skin infection 1 1

Lymphocyte count decreased 3 2 2 4 1 1 3 4 1 1

White blood cell decreased 3 4 4 1 5 3 1 2 1

Neutrophil count decreased 3 3 2 3 1 3 1

Thromboembolic event 2 1 1

Anemia 1 7 1 6 1 2

Platelet count decreased 2 1 1 1 1 2

Infusion related reaction 1 2 1 2 1 1

Rash maculo-papular 3 1 1 3

Urticaria 2 1 1 1 1

Serum amylase increased 1 1

Fever 9 2 2 8 1

Chills 4 4 1

Hyponatremia 8 8

Fatigue 3 3 4 2

Aspartate aminotransferase increased 3 2 3 2

Sinus bradycardia 5

Hypophosphatemia 1 3 1 2 1

Alanine aminotransferase increased 3 1 3 1

Hypoalbuminemia 2 1 3

Hyperglycemia 3 3

Nausea 3 2 1

Bone pain 1 1 2

Gastroesophageal reflux disease 1 1 2

Anorexia 2 2

Creatinine increased 2 2

Hyperkalemia 2 2

Pruritus 1 1
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IL-15 injections alone are associated with decreased

numbers of leukemic cells

IL-15 supports the proliferation of T cells and could therefore also
affect the growth of T leukemic cells. To investigate, we compared
the numbers of leukemic ATL cells among PBMCs before and after
the completion of the 2-week course of IL-15 injections. Of the 8
participants with ATL in this study, 7 harbored leukemic cells. IL-15
treatments were associated with decreases in the number of
leukemic cells in 5 of those 7 participants (Figure 2A), although this
difference did not prove significant because of the low number of
participants. Leukemic cell numbers could have been affected by
their rates of proliferation and/or cell death. We analyzed Ki67
expressions that enabled us to determine the rates of proliferation.
Contrary to expectation, proliferation rates were significantly
decreased after IL-15 treatments (Figure 2B). The average
14 FEBRUARY 2023 • VOLUME 7, NUMBER 3
percentages of Ki67-expressing proliferating leukemic cells signif-
icantly decreased from 40.5% to 33.7% (P = .0246). However, the
numbers of leukemic cells did not correlate with their rates of
proliferation (Figure 2C), suggesting mechanisms other than cell
proliferation contribute to the decreases of their numbers among
PBMCs. These data suggest that IL-15 treatments are associated
with both reduced ATL cell proliferation and decreases in numbers
of circulating ATL cells through unknown mechanisms.

NK-cell populations increase in size after IL-15

treatments

The concept of IL-15 treatments before alemtuzumab infusions is
based on the effect of the cytokine on the number and activation
state of NK cells.23 These cells are major mediators of ADCC, and
their increased numbers and activation could increase the killing
IL-15 AND ALEMTUZUMAB IN T-CELL MALIGNANCIES 387
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Figure 1. Signs of clinical efficacy after treatment with IL-15 and alemtuzumab. (A) Swimmers’ plot of all trial participants during on-study follow-up. (B) FDG-PET

and clinical photograph of a patient with chronic subtype ATL before and 3 months after treatment. (C) Leukemic cell count during and after treatment with IL-15 and
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rates of antibody-coated tumor cells. Comparing PBMC samples
before and after the 2-week course of subcutaneous IL-15 injections
in all 8 participants with ATL and 2 with PTCL, we observed that total
NK-cell numbers were indeed increased in a dose-dependent
manner (Figure 3Ai), resulting in averages of 3.1-, 12.8-, and 30.3-
fold increases for the 3 respective dose levels similar to previous
observations.24 TheCD56bright NK-cell subset showed the greatest
expansion rates (11.0-, 88.4-, and 155.5-fold increases in response
to 0.5, 1, and 2 μg/kg per day IL-15, respectively, Figure 3Aii),
whereas increases amongCD56dim NK cells were less pronounced
388 MILJKOVIC et al
(3.1-, 11.4-, and 23.7-fold increases, respectively; Figure. 3Aiii).
Proliferation rates corresponded to these increases in cell numbers
(Figure 3Aiv-vi) with CD56bright and CD56dim NK cells having
average Ki67 expression rates of 87.2% vs 54.8% after IL-15
treatments, respectively. These data confirm previous reports of IL-
15–induced NK-cell number increases.

It has been previously described that IL-15 treatments also
increased the expressions of receptors necessary for NK-cell
function that could suggest and increased readiness to perform
14 FEBRUARY 2023 • VOLUME 7, NUMBER 3
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cytolysis.24 We analyzed a number of different surface molecules
that are involved in NK-cell function in all 10 participants. We
observed that IL-15 treatments increased the expressions of the
receptor CD16 that is essential for ADCC (Figure 3B).25 Increased
surface amounts were also observed for NKp46 and NKG2D that
are involved in other cytotoxic pathways (Figure 3B),25 whereas
CD122, NKp30, DNAM1, and gramzyme B remained unchanged.
In contrast, we found that the inhibitory receptors PD1 and Tim325

were decreased after IL-15 treatments, whereas TIGIT remained
unchanged (Figure 3B). These data suggest that IL-15 treatments
could also increase the NK-cell readiness to perform cytotoxicity.

We furthermore analyzed the effects of IL-15 treatments on other
IL-15–responsive lymphocyte subsets.21 The total numbers of
CD4+ T cells, CD8+ T cells, and γδ+ T cells showed modest
increases (Figure 4A-C) that correlated with their number of
proliferating Ki67+ cells (Figure 4D-F). IL-15 treatments did not
affect the relative percentages of naïve, effector, effector memory,
and central memory among CD4+ T cells and CD8+ T cells
(supplemental Figure 2).26 Percentages of CD8+ T cells that
expressed PD1, TIM3, TIGIT, or DNMA1 also remained unchanged
(supplemental Figure 3). We also studied whether IL-15 injections
would affect the surface expression of CD52 that is targeted by
alemtuzumab. We observed no CD52 expression changes on
either lymphocyte or leukemic cells (supplemental Figure 4). In
conclusion, IL-15 injections before alemtuzumab infusions caused
expansions of NK-cell numbers and improved their activation status
that could prime the patient’s immune system for augmented killing
rates of antibody-coated tumor cells.

IL-15 treatments increased NK cell–mediated ADCC

activity

We determined whether IL-15 treatments, in addition to increasing
their numbers, did enhance the killing abilities of NK cells via ADCC
in a functional ex vivo assay using antibody-coated target cells. We
observed that the average ability to lyse anti–CD20-coated Raji
target cells approximately doubled in response to IL-15 injections
when equal numbers of NK cells were present in the cytotoxicity
assay (Figure 5A). We also determined whether NK cells respon-
ded in vivo to the presence of antibody-coated leukemic cells after
14 FEBRUARY 2023 • VOLUME 7, NUMBER 3
alemtuzumab infusions. We observed the upregulation of the NK-
cell activation marker CD69 18 hours after infusions in all partici-
pants with circulating ATL cells (Figure 5B). These data show that
NK cells respond to IL-15 injections by enhancing their lysis abili-
ties and that NK cells participate in alemtuzumab-induced cyto-
toxicity. Furthermore, significant augmentation was observed in
lysis of leukemic cells in samples collected after IL-15 compared
with before, whereas no difference was detected in rates of NK-cell
disappearances before and after IL-15 injections (supplemental
Figure 5). Altogether, this suggest that NK cells have acquired
increased abilities to kill target cells but not themselves after IL-15
injections. However, the total number of circulating NK cells was
affected by alemtuzumab injections, as lymphocyte count 2 days
after antibody infusion was below 200 cells/μL. Both fratricide and
migration may account for this observation.

Effects of IL-15 and alemtuzumab serum levels of

interferon-γ and other cytokines

There was a significant increase in serum levels of interferon-γ seen
after treatment with both IL-15 and alemtuzumab (supplemental
Figure 6). There were no significant changes observed in serum
levels of soluble CD25, tumor necrosis factor α, or IL-6 after
treatment IL-15, whereas the latter 2 were transiently increased 4
hours after alemtuzumab infusion, returning to baseline levels within
24 hours (supplemental Figure 6).

Discussion

IL-15 is 1 of the most important cytokines that regulates the gener-
ation, persistence, and differentiation of NK cells and CD8 T cells. It
was identified by our group and by Grabstein in culture supernatants
of HuT-102 and Cv1/EBNA cell lines that stimulate proliferation of a
cytokine-dependent T-cell line CTLL.27-29 IL-15 stimulated the pro-
liferation of T cells, induced generation of cytotoxic lymphocytes and
memory phenotype CD8 T cells, and stimulated the proliferation and
maintenance of NK cells.30-32 Efficacy was observed with IL-15 in
multiple murine immunotherapy trials including syngeneic TRAMP-
C2 prostatic cancer, Pmel-1, B16 melanoma, and MC38 and
CT26 colon carcinomamodels, suggesting that IL-15 might be more
efficacious than IL-2 in cancer therapy.33-35 We reported a
IL-15 AND ALEMTUZUMAB IN T-CELL MALIGNANCIES 389
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first-in-human clinical trial with IL-15 by bolus, continuous IV, and
subcutaneous administration.18,21,22,36 IL-15 by subcutaneous
administration to patients with metastatic cancer yielded a 10.8-fold
expansion of circulating NK cells, a 39.7-fold increase in CD56bright

cells, and a 3-fold increase in the number of CD8 T cells.18 Although
rhIL-15 yielded dramatic augmentation in the number of circulating
NK cells, it was not effective as an anticancer agent, probably
because of the inhibitory action of immunologic checkpoints and the
lack of tumor-specific targeting by NK cells.23 Thus, IL-15 to be
effective as an anticancer agent will have to be used in combination
therapy with drugs that show efficacy as tumor therapeutics. To
translate the dramatic increases in circulating NK-cell numbers and
function, in preclinical trials, IL-15 preparations have been reported
to be of value in combination with in vivo–administered anticancer
monoclonal antibodies to increase their ADCC and anticancer tumor
efficacy.13 The present trial of IL-15 in combination with alemtuzu-
mab for patients with CD52-positive T-cell malignancies is our initial
report of just such a combination IL-15 monoclonal antibody trial.

Treatment with subcutaneous rhIL-15 followed by 4 weeks of IV
alemtuzumab was safe to administer and showed signs of clinical
activity in participants with highly aggressive T-cell lymphomas,
including a durable CR in a participant whose PTCL-NOS relapsed
Figure 3. Numeric expansions and activations of NK cells in response to IL-15 in

increases + standard deviation of total NK cell numbers (i) and their CD56bright (ii) and C

each IL-15 dose. Stars denote significance comparing samples before and after IL-15. (A

treatment. (B) Expression levels of molecules involved in NK cell activation (i-vii) and inhibitio

increases were observed for CD16, NKp46, and NKG2D, whereas PD1 and TIM3 were r
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after alloSCT. There were no indications of rapid progression of
ATL or PTCL-NOS after treatment with rhIL-15, whereas other
forms of immunotherapy, most notably the immune checkpoint
inhibitor nivolumab in ATL8,37 and AITL38 and pembrolizumab in
PTCL,39-41 have led to rapid progression or development of new
T-cell lymphomas in several participants. To the contrary, in par-
ticipants with baseline leukemic disease, treatment with rhIL-15
was associated with a decrease in circulating leukemic cell count
that was in stark contrast to the median 2.5-fold and 7-fold
increase in circulating CD8+ T cells and NK cells, respectively.
NK-cell numbers had 3.1-, 12.8-, and 30.3-fold increases,
respectively, for the 3 dose levels (0.5, 1, and 2 μg/kg per day IL-
15). Those fold increases appeared to be dose dependent and
were similar to those obtained when IL-15 was injected subcuta-
neously in patients with solid tumors (3.3-, 4.4-, and 10.8-fold
increases, respectively, for 0.5, 1, and 2 μg/kg per day IL-15).18

Although the initial decrease of leukemic cells after rhIL-15
administration may represent redistribution, the persistence of the
decrease on days 8 and 15 of treatment even while the absolute
counts of circulating nonmalignant lymphocytes increased, along
with the decreased Ki67 of ATL cells compared with the increase
in several immune cells subsets, indicates that rhIL-15 alone may
have a direct or indirect antitumor effect.
jections in participants with ATL and PTCL. (A) Top graphs depict average

D56dim subsets (iii) among PBMCs compared with before treatments for

iv-vi) Percentages of proliferating Ki67+ NK cells for each patient before and after

n (viii-x are shown for each participant before and after IL-15 treatments. Significant

educed. *P < .01; **P < .001; ***P < .0001; NS, not significant.
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ATL cells themselves show autocrine and paracrine signaling of
multiple cytokines, including IL-15, and may depend on them for
survival.42 Furthermore, ex vivo ATL cells demonstrated increased
apoptosis after IL-2 and IL-15 blockade by BNZ-1, an inhibitor of
selective γ-chain cytokines.43 However, administration of IL-15 did
not lead to proliferation of leukemic cells and overt disease pro-
gression in this study. There are at least 2 explanations for the
conflicting results. First, IL-15 may concurrently stimulate both ATL
and immune cells, with the net effect being no change, or decrease,
in circulating ATL cell numbers. Second, IL-15 signaling pathway
may already be saturated by autocrine signaling in ATL cells but not
in the normal immune cells, leading to no change in the former and
proliferation and activation of the latter. Decrease in Ki67-positive
ATL cells seen after rhIL-15 treatment favors the latter hypothesis.

Concerns have been raised that the continuous daily exposure to IL-
15may lead toNK-cell exhaustion.44 In our study, daily subcutaneous
dosing of rhIL-15 led to increased absolute NK-cell counts, increase
in the percentage of Ki-67–positive cells, increased ADCC capacity
of ex vivo NK cells, and decreased expression of NK-cell inhibitors
PD-1 and Tim3. This is similar to the experience with the 5- and 10-
day continuous IV infusions of rhIL-15 in patients with metastatic
solid tumors and unlike some in vitro observations.23,36 Although this
increase in NK-cell activity does not by itself guarantee improved
efficacy, it does provide the basis for further development of rhIL-15
in combination with monoclonal antibodies whose antitumor effect is
mediated through ADCC. In addition to the combination with alem-
tuzumab in the present study, our group is investigating rhIL-15 in
combination with obinutuzumab in chronic lymphocytic leukemia
(#NCT03759184), mogamulizumab in ATL and cutaneous T-cell
lymphoma (#NCT04185220), and avelumab in renal cell carcinoma
(#NCT04150562) and in mature T-cell malignancies other than
ATL, AITL, and PTCL-T follicular helper phenotype (PTCL-TFH)
(#NCT03905135).
392 MILJKOVIC et al
Clinical activity of the combination compares favorably to that seen after
12 weeks of alemtuzumabmonotherapy, with the caveat of a small and
heterogenous population in the present study. In our phase 2 study of
single-agent alemtuzumab given over 12 weeks to patients with acute,
chronic, and lymphoma subtype ATL, the response rate was 40%, and
median duration of response was 3 months compared with the 36%
response rate and 6-month median duration of response (range, 8
weeks to 12+ months) with the combination.6 Those treated with the
combinations also had fewer infectious complications, although the
occurrence of asymptomatic catheter-associated thrombi and pulmo-
nary emboli in 2 of the 11 participants (18%) treated with the combi-
nation is notable. The reported incidence of VTE with single-agent
alemtuzumab is 5%,45,46 and there were no VTE events with single-
agent rhIL-15 given subcutaneously or IV.18,22,36 Lysis by alemtuzu-
mab of rhIL-15–activated lymphocytes and the subsequent release of
cytokines may be a contributing factor, although the precise mecha-
nism of VTE in our 2 cases is unclear.

Interestingly, the only durable CR in the study was seen in a participant
with PTCL-NOS who had relapsed several years after alloSCT. When
an IL-15 “superagonist” N-803 (ALT-803) was given to 28 patients
whose acute myeloid leukemia or myelodysplastic syndrome relapsed
after alloSCT, 1 hadCR and 1 had PR.47 In that study, NK cells had the
greatest increase, followed by T effector memory and T memory cells.
The altered post-alloSCT immune microenvironment may be more
conducive for more pronounced CD8+ T-cell proliferation and activa-
tion, which in turn may be associated with improved clinical responses,
but this hypothesis would need to be validated in future clinical trials.

In summary, we demonstrated the safety of combined subcutaneous
rhIL-15 and short-course alemtuzumab administration in participants
with ATL and PTCL-NOS. The combination shows signs of activity
that may be the same or better than that of alemtuzumab given over
12 weeks, with decreased potential for long-term immunosuppres-
sion given the lower total dose of alemtuzumab. Future clinical trials
will focus on combining rhIL-15 with other antitumor antibodies that
work through ADCC and on the effects of single-agent rhIL-15 in
patients who relapse or are at high risk of relapsing after alloSCT.
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