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Abstract

The conversion of leukemic blasts into antigen-presenting dendritic cells of leukemic origin (DC,,) by GM-CSF and
PGE1 has demonstrated preclinical efficacy in eliciting leukaemia-specific immune responses, offering a promising
immunotherapeutic strategy for relapsed/refractory AML. We report on a 65-year-old patient with AML refractory
to multiple treatment lines, including two allogeneic stem cell transplantations, who received individualized
experimental treatment with intravenous GM-CSF and PGE1 and no additional anti-leukaemic therapy. Based

on preceding ex-vivo treatment of patient’s blood with GM-CSF/PGE1 that showed immune activation and

blast lysis, we hypothesized that intravenous administration of the compounds to the patient would promote
in-vivo antileukaemic immune reactions and potentially induce clinical response. Eight treatment cycles were
administered, and extensive immune monitoring was performed. The treatment was well tolerated and resulted
in sustained clinical stabilization over four months. Immune monitoring showed generation of mature DC,,,
activation of leukaemia-directed effector and memory cells (including IFN-y-producing and degranulating T and
NK cells), downregulation of immune checkpoint (PD-1/CTLA-4) expressing T cells and blasts, and a reduction
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in regulatory B- and T cells. This case illustrates the feasibility and tolerability of GM-CSF +PGE1 therapy and its
potential to modulate anti-leukaemic immunity in a patient with highly refractory AML.

To the editor

Allogeneic stem cell transplantation (alloSCT) remains
the most effective curative approach for high-risk acute
myeloid leukaemia (AML). Nevertheless, 30-60% of
patients relapse post-transplant, frequently based on
defined immune escape mechanisms, including mis-
matched HLA loss, regulatory T-/B-cell expansion, or
upregulation of immune checkpoints (PD-1/CTLA-4/
TIM-3) on effector cells [1-3].

Dendritic cell (DC)-based immunotherapy may cir-
cumvent immune escape [4]. We previously demon-
strated that leukaemia derived DCs (DC,,) can be
generated ex-vivo using the immune response modifiers
GM-CSF and PGEI1 (termed “Kit-M”) and induce leukae-
mia-specific B-, T-, and NK cell responses in preclinical
models [5, 6]. Here we report the clinical translation of
this approach in a patient with refractory AML.

A 65-year-old male with secondary AML (adverse
genetics: BCR::ABL1, ASXL1, KRAS, RUNXI, FLT3-ITD,
IKZF1), initially treated with standard induction and
alloSCT in MRD-positive first complete remission, pre-
sented with haematological and extramedullary (malig-
nant pleural effusions requiring paracentesis 2-3x/week)
relapse after multiple lines of therapies, including a sec-
ond haplo-identical alloSCT six months earlier. Donor
lymphocyte infusions were precluded due to genomic
HLA loss in leukaemic blasts [1], and the leukaemia was
refractory to Azacitidine salvage therapy. A detailed
description of the treatment history is provided in Sup-
plemental Fig. 1.

In the absence of approved treatment options, an indi-
vidualized immunotherapeutic approach using Kit-M
was discussed, thereby re-purposing two compounds
approved for clinical use in other indications [7]. Previ-
ously, successful generation of DC,,, subsets had been
demonstrated after stimulation of the patient’s blood
with Kit-M. Beyond, mixed lymphocyte cultures had
confirmed activation of effector and memory T- and NK
cells, downregulation of regulatory T cells (Treg), and
induction of blast-directed cytotoxicity. Based on this
observation, we hypothesized that systemic administra-
tion of the compounds of Kit-M to the patient would
promote in-vivo antileukemic immune reactions and
potentially induce clinical response. The patient was
extensively informed about the experimental treatment
nature. Following written consent for both treatment and
sequential collection of blood samples for immune moni-
toring; and following approval by the patient’s health care
provider and the local ethics committee (LMU #33905),
Kit-M treatment was administered in eight 5-day cycles
over a total 105 days, with dose escalation during the ini-
tial four cycles to ensure safety (Table 1).

Treatment was well tolerated; no serious adverse events
or graft-versus-host disease were observed. The patient’s
clinical status remained stable (Karnofsky performance
score 90). Red cell transfusion requirements decreased
by 25% compared to the prior treatment phase, and fre-
quency of pleural paracentesis could be decreased to
<1x/week. Peripheral leucocyte (WBC) and blast counts
remained stable (median: WBC: 2.28/nl; blasts: 9%),
indicating controlled leukaemia burden. Hence, Kit-M

Table 1 Experimental treatment protocol of Kkit M (GM-CSF +PGE1). PGE1: Prostaglandin E1, GM-CSF: Granulocyte-Macrophage

Colony-Stimulating Factor. i.v.: intravenous

Phase Day Drug Dosage (i.v.) Schedule
Ramp up phase 0-2 GM-CSF 75 ug/m? 4h(©am—1pm)
PGE1 20 ug 2h (1 pm—-3pm)
3-4 GM-CSF 75 ug/m? 4h(9am—1pm)
PGE1 40 ug 2h (1 pm—-3pm)
7-11 GM-CSF 75 ug/m’ 4h(Qam—1pm)
PGE1 40 pg 2h (1 pm—=3pm)
15-19 GM-CSF 75 ug/m? 4h(9am—1pm)
PGE1 40 ug 2h (1 pm—=3pm)
22-26 PGE1 40 pg 2h(©am—11am)
GM-CSF 75 ug/m? 4h(11am -3 pm)
PGE1 40 ug 2h (3 pm—5pm)
Treatment break”
Final dose** 51-55 PGE1 40 ug 2h(©am—11am)
GM-CSF 75 pg/m’ 4h (11 am -3 pm)
PGE1 40 pg 2h @3 pm—5pm)

* prolonged by one week due to minor surgery

** repeated in five-day cycles from d71-75, d87-91, and d101-105, slight differences in the intervals due to patient’s preference
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Fig. 1 a-j. Relative frequencies of T cells, NK cells and subpopulations in peripheral blood during treatment. The bars in colors represent treatment
phases: every yellow bar indicate 1 cycle of Azacitidine; orange bars (starting on day 0) represent the ramp up phase of experimental treatment with Kit
M (each bar indicate one five-day cycle with daily infusion of Kit M: GM-CSF +PEGT1); brown bars (starting day 50) indicate the final dose phase of Kit M
(each bar d1-5 with daily infusions). For more details on the treatment protocol see Table 1. (a) T cells (T3), (b) Interferon gamma (IFN)-producing T cells
(gammaT3), (c) Degranulating (CD107a+) T cells (degT3), (d) IFNy-producing central memory T cells (gammaT3cm), (e) T cells expressing PD-1 (T3pp,), (f)
Regulatory T cells (Treg), (g) T helper 1 cells (TH1), and (h) T helper 2 cells (TH2), (i) Natural killer cells (NK), (j) degranulating (CD107a+) NK cells (degNK).
The colored lines illustrate the course of relative frequencies (%) of the given cell subtype measured at different time points during treatment course

seemed to support granulopoiesis without promoting
blast proliferation. After four months, AML progressed
(peripheral blood [PB] blasts: >40%), prompting Kit-M
discontinuation. Palliative chemotherapy was initiated,
and the patient died four weeks later from disease pro-
gression (Supplemental Figs. 2—4 illustrate the clinical
course and peripheral cell counts during treatment).
Comprehensive immune monitoring during treatment
revealed sustained increases in mature DCs and DC,,
in PB (Supplemental Fig. 5). Concurrently, activation of
both innate and adaptive immune compartments was
observed, including expansion of IFN-y+memory y§ T
cells, de-granulating cytotoxic T-/NK cells, and invariant

NKT cells. TH1 polarization increased, while TH2 and
Treg frequencies declined. Notably, frequencies of effec-
tor T-cells expressing inhibitory checkpoint receptors
PD-1, CTLA-4, and KLRG-1 were markedly decreased
(Fig. 1). Regulatory B cells were downregulated, while
memory B cells expanded (Supplemental Fig. 6).These
changes imply a systemic immunologic reprogramming
toward a more activated state. Supplemental Table 1
shows cell subtypes analysed in this study.

Importantly, while stable during Kit-M administra-
tion, PB blast counts increased during treatment breaks,
suggesting that continuous immune activation con-
tributed to temporary leukaemic containment. Despite
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pre-existing HLA loss on malignant blasts, leukaemia-
directed immune responses were observed, potentially
either due to targeting of HLA-retaining subclones or
involved (HLA-independent) NK-mediated mecha-
nisms. Beyond generation of DC,,,, extensive immune
monitoring demonstrated a broader immune stimula-
tion by Kit-M, involving NK cell stimulation, reversal of
T cell exhaustion and inhibition via immune checkpoints,
whereby the relative role of the different mechanisms to
clinical effects remains to be defined. Nonetheless, final
disease progression occurred. Decrease of mature DC
(corresponding to inefficient antileukaemic functionality)
and increase of immune checkpoints on T cells and blasts
(2B4, TIM-3, data not shown) suggested the emergence
of various immune escape mechanisms.

This case illustrates the potential of Kit-M to elicit
leukaemia-reactive immune responses, even in heavily
pre-treated patients, that were able to stabilize both hae-
matologic and extramedullary disease. Whereas in gen-
eral the approach might represent a novel strategy to be
integrated into the treatment of AML, effects of Kit-M
monotherapy were transient, and insufficient to induce
durable disease control in this highly proliferative dis-
ease. Unlike traditional DC-based strategies such as vac-
cines, requiring intensive ex-vivo manipulation, Kit-M
induces DC,,, in-vivo, thereby avoiding the need of com-
plex cell manufacturing [8]. Its favourable safety pro-
file and profound immunologic effects support further
investigation [5]. We hypothesize that the anti-leukaemia
efficacy may be enhanced through rational combination
with other immunomodulatory agents (e.g., hypomethyl-
ating agents or checkpoint inhibitors), earlier application
(MRD-positive remission), or continuous subcutaneous
delivery to avoid treatment interruptions.
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The online version contains supplementary material available at https://doi.or
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