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Tyrosine kinase inhibitor therapy has dramatically changed the outcome of chronic myeloid leukemia (CML) patients.
However, the treatment is not considered to be curative and may present deleterious side effects, such that additional
therapy options are warranted. Here, we discuss the beneficial immunomodulatory effects of interferon o (IFNa) therapy
and the immunological changes related to optimal treatment responses.

Chronic myeloid leukemia (CML)
belongs to the group of myeloprolifera-
tive disorders and is characterized by an
expansion of unmature myeloid cells in
the bone marrow and peripheral blood. Its
annual incidence is 1-2 cases per 100 000
individuals. CML is a model disease in
cancer as its molecular oncogenesis is well
characterized as induced by a 9522 trans-
location, leading to the formation of BCR-
ABL1 fusion gene and resultant fusion
protein with a constitutive tyrosine kinase
activity. This knowledge has enabled the
discovery of targeted therapy with tyro-
sine kinase inhibitors (TKIs).! Before the
invention of TKI therapy, CML patients
died within 5-6 y after diagnosis, whereas
today most patients live a normal life span
with chronic disease. Despite the success
story of TKIs, the majority of patients
relapse if they discontinue the treatment,
and therefore TKIs are not considered
curative. The life-long duration of TKI
therapy has also raised the safety concerns
as some severe side effects (such as vascu-
lar events, pleural effusions, and pulmo-
nal hypertension) have been correlated

with the TKI treatment. Furthermore, the
annual drug costs are significant (around
40 000 eur/patient), and as a consequence
of the improved therapy, the prevalence of
CML is constantly increasing, thus caus-
ing tremendous economic burden in the
future. Therefore, the discovery of cura-
tive treatment options is of substantial
interest.

Before the TKI era, the first drug that
was able to re-establish normal hema-
topoiesis in a minority of CML patients
was interferon a (IFNa).? Interestingly,
it was also noted that some patients who
achieved cytogenetic response to IFNa
were able to discontinue the treatment
without disease relapse even though they
still had residual leukemia cells left.’ As
CML is considered to be an immunogenic
cancer, one hypothesis is that the IFNa
treatment is able to activate the immune
system, which could keep the leukemia
cells under control. If this beneficial
mechanism is understood, it could prob-
ably be used in the development of new,
curative treatment strategies for CML.
Unfortunately though, it is difficult to get
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suitable study material as TKIs are nowa-
days the treatment of choice in CML, and
therefore, IFN-a monotherapy treated
patients are extremely rare. However,
we were able to collect a small cohort of
patients who were either still using IFNa
treatment with good therapy response
(IFN-ON) or who had been able to stop
the IFNa monotherapy without disease
relapse (IFN-OFF). When studying the
immune cell profile in these patients,
we observed cytotoxic features, such as
increased amounts of CD8* T cells and
in particular, the natural killer (NK) cell
counts were significantly elevated in IFN-
OFF patients. Moreover, IFN-a treated
patients also presented a unique pattern of
clonal yd T cells, which was not observed
in TKI treated CML patients®”

Inspired by these results, we next
aimed to characterize T and NK cells in
more detail by phenotypic and functional
assays. To our surprise, the results from
NK cell cytotoxicity assays suggested that
the NK cells did not posses an enhanced
cytotoxic capacity when measured by
(CD107),

conventional  degranulation
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Figure 1. Antitumor immune effects induced by IFN-« treatment. Increased amount of natural killer (NK) cells, CD4* effector memory T helper type 1
(Th1), and CD8* central memory T cells have been found in interferon a (IFNa) treated CML patients who have been able to discontinue the therapy.
These IFNa-induced immune cells secrete immunomodulatory cytokines such as interferon y (IFN-y) or tumor necrosis factor a (TNFa) and may either

directly, or indirectly, attack the tumor cells by driving them to senescence or by cytolysis.

cytotoxicity (against K562 cell line), and
cytokine secretion (IFNa /TNFa) assays,
even though their number was increased.®
However, more prominent phenotypic
and functional changes were observed in
the T-cell compartment. Compared with
healthy controls, IFN-OFF patients had
an increased proportion of CD4* effec-
tor memory and CD8"* central memory
T cells. Further, upon stimulation, the
IFNvy/TNFa cytokine secretion by CD4*
T cells was significantly enhanced in
IFN-OFF patients, and CD4* effector
and central memory cells were the main
cytokine producers. No similar increase of
effector memory cells was observed in the
IFN-ON group.

But how would these findings explain
the remission status of IFN-a patients who
still have residual leukemia cells left? As
shown in Figure 1, it has previously been
shown that T helper type 1 (Thl) CD4* T

cells have direct antitumor activity driving
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In addition,
they are also able to stimulate the gen-
eration of cytotoxic CD8* T cells.® The
specificity of the CD8" central memory T
cells in IFN-OFF patients is not known,
but it is tempting to speculate that they

cancer cells to senescence.’

may target residual leukemia cells. In
addition to increased CD8* central mem-
ory cells, IFN-OFF patients also had a
lower proportion of recently activated
CDS8* peripheral effector memory RA
(TEMRA

the stable clinical status of the patients as

) cells. This is in accordance with

they had been without any treatment for
several years. The role of NK cells still
remained open, but they may have mem-
ory function as it has recently been shown
that NK cells also take part in the adap-
tive immunity.” Taken together, the phe-
notypic and functional changes observed
were not considered to be direct effects
of IFN-a but rather long-term effects
induced by the treatment.
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These beneficial immunomodulatory
effects of IFN-a are of compelling inter-
est in regards to combination therapies to
treat leukemia specifically, as well as can-
cer treatment in general, are planned in
the future. The combination of TKI (ima-
tinib) with IFN-a has already been shown
to induce superior therapeutic responses
in comparison to TKI treatment alone."
Furthermore, additional clinical stud-
ies combining IFN-a with more potent
2nd generation TKIs are already ongoing
(htep://clinicaltrial. gov. NCT01657604,
NCTO01725204, NCTO01872442). The
advantage of IFN-a compared with more
modern immunomodulatory drugs such
as checkpoint inhibitors, could be a quite
moderate and tolerable side-effect profile.
However, it should be born in mind that
only a proportion of patients appear to
benefit from IFN-a therapy, and further
studies are needed to understand whether
there are some genetic predisposing factors
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or some unknown tumor-specific attri-
butes, that could determine which patients
will benefit from the immunomodulatory
effects induced by IFN-a treatment.
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