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COMMENTARY
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leukemia of normal karyotype
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ABSTRACT
Immunotherapy with histamine dihydrochloride and low-dose interleukin-2 (HDC/IL-2) reduces the risk
of relapse in the post-chemotherapy phase of acute myeloid leukemia (AML). Here we report the results
of exploratory analyses of the clinical efficacy of HDC/IL-2 in AML with focus on the impact of karyotype
aberrations in leukemic cells. Post-hoc analyses of phase III trial data suggested that HDC/IL-2 is primarily
beneficial for patients with AML of normal karyotype. These results may be helpful in the selection of
patients who are suitable for therapy and in the design of future immunotherapy protocols aiming at
further defining the mechanism of relapse prevention by HDC/IL-2.
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Acute myeloid leukemia (AML) is characterized by rapid clonal
expansion of immaturemyeloid cells in bonemarrow. After initial
rounds of chemotherapy (induction), a majority of patients attain
complete remission (CR), defined as less than 5% leukemic blasts
in the bone marrow along with the return of non-malignant
hematopoiesis. Ensuing courses of chemotherapy (consolidation)
aim at eliminating residual leukemia. However, approximately
60–70% of adult patients in first CR (CR1) experience relapse of
AML, 1 mostly within 2–3 years, with dismal prognosis for long-
term survival. The absence of strategies to prevent relapse in the
post-chemotherapy phase in non-transplanted patients is
a significant reason why the rate of 5-year survival in adult AML
is in the range of 25–30%.1

AML cells invariably carry somatic genetic aberrations that
may be grouped by chromosomal morphology into AML of
aberrant or normal karyotype. In approximately 55% of human
adult AML, the leukemic cells thus carry structurally or numeri-
cally aberrant chromosomes, including deletion or multiplication
of chromosomes or chromosome sections [e.g. −5, −7, +8, +21,
+22, del(5q), del(7q), del(9q)] or inverted/translocated chromo-
some arms or segments [e.g. t(8;21), t(9;11), t(15;17), inv(16)].
Normal karyotype AML, where the chromosomes of leukemic
cells are morphologically and numerically intact, comprises muta-
tions in e.g. NPM1, FLT3-ITD, CEBPA, DNMT3A, IDH1 and
IDH2 and constitutes approximately 45% of all adult AML. The
mere classification of AML into aberrant or normal karyotype
does not provide major prognostic information. Instead, there are
entities within these groups of gene aberrations that herald vari-
able prognosis. Relapse risk and/or survival are thus favorably
impacted by t(8;21), t(15;17) and inv(16) translocations alongwith
NPM1 or CEBPA mutations, whereas somatic mutations in, e.g.,

FLT3-ITD or deletions of chromosomes 5 or 7 are associated with
poorer prognosis.2,3

Aspects of lymphocyte function and phenotype have been
reported to impact on the risk of relapse in the post-
consolidation phase of AML, and several immunotherapies have
been developed aiming at reducing the relapse risk.4 These include
administration of antibodies against leukemia-associated antigens,
treatmentwith immunostimulatory cytokines, adoptive transfer of
anti-leukemic lymphocytes and vaccine strategies using dendritic
cells carrying leukemic antigens or fusedwith autologous leukemic
cells.4,5 Of these, only immunotherapy with histamine dihy-
drochloride and low-dose interleukin-2 (HDC/IL-2) has proven
efficacious in terms of relapse prevention in a randomized phase
III setting6 (reviewed in)4. Treatment with HDC/IL-2 aims at
targeting the formation of immunosuppressive reactive oxygen
species produced by the NOX2 enzyme of myeloid cells (HDC
component), while concomitantly activating and expanding popu-
lations of natural killer (NK) cells and T cells (IL-2 component).
These components act in synergy to promote NK and T cell
function and viability in vitro, and also synergize to reduce or
inhibit tumor growth in animal models in vivo7–9 (reviewed in)4.

Here we report the results of exploratory analyses of the clinical
efficacy of HDC/IL-2 in AML with focus on the impact of genetic
aberrations in leukemic cells. Our data suggest that HDC/IL-2 is
primarily beneficial for patients with AML of normal karyotype.
The analyses presented are founded on databases of a phase III
study6 and a phase IV trial10 using HDC/IL-2 for relapse preven-
tion in AML. In the phase III trial, 320 AML patients in CR who
had completed consolidation chemotherapy were randomized to
treatment with HDC/IL-2 (n = 160) or standard of care (no
treatment; n = 160). Patients were median 57 (18–84) years at
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inclusion. Two-hundred sixty-one patients were in their first CR
(CR1), and 59 in their second or subsequent CR (CR>1). Patients
were recruited at 100 centers in Europe, USA, Australia and New
Zealand. Details of study procedures for random assignment,
exclusion criteria, dosing, treatment schedules and toxicity are
accounted for in a previous report.6 In brief, patients in the
treatment arm received up to ten cycles of HDC (0.5mg s.c. bid)
and low-dose IL-2 (16,400U/kg s.c bid) for 21 days followed by
21 days of rest. Beginning in cycle 4, the rest periods were
extended to 42 days. Treatment continued for up to 18 months,
and all surviving patients were followed for at least 36 months.
The primary trial endpoint was leukemia-free survival (LFS,
defined as the time from randomization to relapse or death
from any cause). Secondary endpoints included overall survival
(OS) and efficacy in terms of LFS andOS in subgroups such as CR
status (CR1 or CR>1 at randomization), age (<60 or ≥60 years)
and baseline characteristics including genetic aberrations in leu-
kemic cells.

The phase IV trial (Re:Mission Trial;10) was a single-armed
multicenter phase IV study that enrolled 84 patients (age 18–79,

median 61) with AML in CR1 who were not eligible for allogeneic
transplantation. All patients received HDC/IL-2 using a schedule
and dosing identical to that employed in the phase III trial. All
surviving patients were followed for at least 24 months after
enrollment. The endpoints included assessment of the quantita-
tive and qualitative pharmacodynamic properties of HDC/IL-2 on
immune populations, including T and NK cell phenotypes, as
analyzed before and after treatment cycles. Forty-four of the
patients in the phase IV trial harbored AML cells of normal
karyotype (age 28–74, median 60). Fifteen of the normal karyo-
type patients (age 28–74, median 60) carried leukemic cells with
NPM1mutations (out of 36 analyzed; 42%), whereas four patients
(age 53–64, median 64) carried FLT3-ITD mutations (out of 38
analyzed; 11%). Three of the latter patients carried mutations in
bothNPM1 and FLT3-ITD. Further patient characteristics includ-
ing previous induction and consolidation therapies and risk group
distribution are accounted for elsewhere.10,11 The phase III and
phase IV trials were approved by the Ethical Committees of each
participating institution and all patients gave written informed
consent before enrollment. The logrank test was applied to

Figure 1. Clinical efficacy of HDC/IL-2 in patients with aberrant or normal karyotype AML. Analysis of the impact of HDC/IL-2 treatment on leukemia-free
survival (LFS) and overall survival (OS) in a phase III trial. The Kaplan-Meier plots show LFS (a) or OS (b) in patients in CR1 with known karyotype (n = 225). Figures (c)
and (d) show corresponding results in patients with normal karyotype AML who were below or above 60 years old at random assignment. The logrank test was
employed for statistical analysis.
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analyze the impact of treatment with HDC/IL-2 on LFS andOS in
subgroups of patients harboring leukemic cells with normal or
aberrant karyotype as defined at diagnosis.

The potential efficacy of HDC/IL-2 was assessed in CR1
patients with normal or aberrant karyotype AML who partici-
pated in the randomized phase III trial. The karyotypic features
of leukemic cells were unknown in 36 of the 261 patients in
CR1. Thus, data obtained from 225 CR1 patients with known
karyotype were available for analysis of clinical outcome (LFS
and OS). There was no discernable treatment effect on outcome
(LFS or OS) among patients in CR1 with aberrant karyotype.
By contrast, HDC/IL-2-treated patients with normal karyotype
AML displayed improved LFS over control patients with
a trend towards improved OS (Figure 1a and b). HDC/IL-2
was not significantly efficacious in older patients with aberrant
or normal karyotype. Younger patients (<60 years) with nor-
mal karyotype AML showed significantly improved LFS and
OS vs. control patients (Figure 1c and d). These results imply
that the clinical benefit of HDC/IL-2 in AML is pronounced in
patients harboring leukemic cells of normal karyotype.

Mutations of NPM1 or FLT3-ITD are the most prevalent
mutations within the group of normal karyotype AML, where
mutated NPM1 comprises approximately 40–50% of cases and
FLT3-ITD approximately 30–40%.12 During the course of the
phase III trial, analyses of NPM1 and FLT3-ITD were not part of
clinical practice. However, in the ensuing single-armphase IV trial
using HDC/IL2 this information was available, and we thus ana-
lyzed outcome of patients with the two dominant mutations in
normal karyotype AML. The results did not support efficacy of
HDC/IL-2 in patients harboring mutated FLT3-ITD as 4/4
patients relapsed within 200 days. The outcome was, however, as
expected, more favorable in patients diagnosed with NPM1-
mutated AML devoid of karyotype aberrations or FLT3-ITD
mutations, where 67% of patients (n = 14) were alive and relapse-
free at 2 years.

In conclusion, the phase III trial results point to the possibility
that HDC/IL-2 is clinically efficacious in AML patients with
leukemic cells of normal but not aberrant karyotype, and that
this aspect of clinical efficacy is pronounced in younger patients.
The magnitude of efficacy of HDC/IL-2 in AML patients with
normal karyotype, in particular in patients <60 years, suggests
that the treatment effect is present within the groups of NPM1-
and/or FLT3-ITD-mutated AML, as these mutations account for
>75% of all normal karyotype AML.12 The results of the phase IV
trial argue against the possibility that HDC/IL-2 is beneficial in
patients with normal karyotype AML carrying FLT3-ITD-
mutations, thus raising the possibility that HDC/IL-2 may be
primarily efficacious in NPM1-mutated AML. The exploratory
nature of these results should be emphasized, and controlled
trials are warranted to determine the potential benefit of HDC/
IL-2 in defined genetic subgroups of normal karyotype AML.

Disclosure of potential conflicts of interest

F.B.T., A.M. and K.H. are authors of issued or pending patents protect-
ing the use of histamine dihydrochloride in cancer immunotherapy. The
remaining authors declare no conflicts of interest.

Funding

This work was supported by Cancerfonden [CAN2018/582];
Cancerfonden [CAN 2016/351] and Vetenskapsrådet [2016-01928].

ORCID

Malin S. Nilsson http://orcid.org/0000-0002-0981-2617
Alexander Hallner http://orcid.org/0000-0002-4973-5097
Mats Brune http://orcid.org/0000-0001-9790-0504
Staffan Nilsson http://orcid.org/0000-0003-4748-0446
Fredrik B. Thorén http://orcid.org/0000-0003-2167-7451
Anna Martner http://orcid.org/0000-0002-6598-5221
Kristoffer Hellstrand http://orcid.org/0000-0002-6617-5976

References

1. Dohner H, Weisdorf DJ, Bloomfield CD. Acute Myeloid
Leukemia. N Engl J Med. 2015;373(12):1136–52. doi:10.1056/
NEJMra1406184.

2. Roloff GW, Griffiths EA. When to obtain genomic data in acute
myeloid leukemia (AML) and which mutations matter. Blood
Adv. 2018;2(21):3070–80. doi:10.1182/bloodadvances.2018020206.

3. Döhner H, Estey E, Grimwade D, Amadori S, Appelbaum FR,
Büchner T, Dombret H, Ebert BL, Fenaux P, Larson RA, et al.
Diagnosis and management of AML in adults: 2017 ELN recom-
mendations from an international expert panel. Blood. 2017;129
(4):424–47. doi:10.1182/blood-2016-08-733196.

4. Martner A, Thoren FB, Aurelius J, Hellstrand K. Immunotherapeutic
strategies for relapse control in acute myeloid leukemia. Blood Rev.
2013;27(5):209–16. doi:10.1016/j.blre.2013.06.006.

5. Weinstock M, Rosenblatt J, Avigan D. Dendritic Cell Therapies
for Hematologic Malignancies. Mol Ther Methods Clin Dev.
2017;5:66–75. doi:10.1016/j.omtm.2017.03.004.

6. Brune M, Castaigne S, Catalano J, Gehlsen K, Ho AD,
Hofmann W-K, Hogge DE, Nilsson B, Or R, Romero AI, et al.
Improved leukemia-free survival after postconsolidation immu-
notherapy with histamine dihydrochloride and interleukin-2 in
acute myeloid leukemia: results of a randomized phase 3 trial.
Blood. 2006;108(1):88–96. doi:10.1182/blood-2005-10-4073.

7. Grauers Wiktorin H, Nilsson MS, Kiffin R, Sander FE, Lenox B,
Rydström A, Hellstrand K, Martner A. Histamine targets
myeloid-derived suppressor cells and improves the anti-tumor effi-
cacy of PD-1/PD-L1 checkpoint blockade. Cancer Immunol
Immunother. 2019;68(2):163–74. doi:10.1007/s00262-018-2253-6.

8. Aydin E, Johansson J, Nazir FH, Hellstrand K, Martner A. Role of
NOX2-Derived Reactive Oxygen Species in NK Cell-Mediated
Control of Murine Melanoma Metastasis. Cancer Immunol Res.
2017;5(9):804–11. doi:10.1158/2326-6066.CIR-16-0382.

9. Hellstrand K, Asea A, Dahlgren C, Hermodsson S. Histaminergic
regulation of NK cells. Role of monocyte-derived reactive oxygen
metabolites. J Immunol. 1994;153:4940–47.

10. Martner A, RydstromA, Riise RE, Aurelius J, AndersonH, BruneM,
Foà R, Hellstrand K, Thorén FB. Role of natural killer cell subsets
and natural cytotoxicity receptors for the outcome of immunother-
apy in acute myeloid leukemia. Oncoimmunology. 2016;5(1):
e1041701. doi:10.1080/2162402X.2015.1041701.

11. Aurelius J, Möllgård L, Kiffin R, Ewald Sander F, Nilsson S, Bergh
Thorén F, Hellstrand K, Martner A. Anthracycline-based consolida-
tion may determine outcome of post-consolidation immunotherapy
in AML. Leuk Lymphoma. 2019;1–8. doi:10.1080/10428194.2019.
1599110.

12. Schlenk RF, Döhner K, Krauter J, Fröhling S, Corbacioglu A,
Bullinger L, Habdank M, Späth D, Morgan M, Benner A, et al.
Mutations and treatment outcome in cytogenetically normal acute
myeloid leukemia. N Engl J Med. 2008;358(18):1909–18. doi:10.1056/
NEJMoa074306.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 3

https://doi.org/10.1056/NEJMra1406184
https://doi.org/10.1056/NEJMra1406184
https://doi.org/10.1182/bloodadvances.2018020206
https://doi.org/10.1182/blood-2016-08-733196
https://doi.org/10.1016/j.blre.2013.06.006
https://doi.org/10.1016/j.omtm.2017.03.004
https://doi.org/10.1182/blood-2005-10-4073
https://doi.org/10.1007/s00262-018-2253-6
https://doi.org/10.1158/2326-6066.CIR-16-0382
https://doi.org/10.1080/2162402X.2015.1041701
https://doi.org/10.1080/10428194.2019.1599110
https://doi.org/10.1080/10428194.2019.1599110
https://doi.org/10.1056/NEJMoa074306
https://doi.org/10.1056/NEJMoa074306

	Abstract
	Disclosure of potential conflicts of interest
	Funding
	References

