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Effective antigen-specific cancer immunotherapy requires exact knowledge of tumor-associated epitopes that can
act as rejection antigens. Although the current paradigm views mutation-derived neoantigens as the most promising
targets, we have recently demonstrated that leukemia-specific T-cell responses associated with survival benefit in CLL
patients target a panel of non-mutated tumor-associated antigens.

With decades of research into non-
mutated tumor-associated antigens
(TAAs) translating into only limited clini-
cal success, more recently the focus of T
cell-based immunotherapy has shifted to
actively personalized approaches targeting
tumor-specific mutation-derived neoanti-
gens.1 Recent data demonstrate that
actively targeting neoepitopes in human
cancers is feasible and clinically effective2

and implicate their involvement in tumor
control in patients after immune check-
point inhibitor therapy.3,4 However, the
current neoepitope-centric paradigm of T
cell-based immunotherapy might restrict
the spectrum of tumor entities deemed eli-
gible for immunotherapeutic intervention
to malignancies with high mutational
loads and, furthermore, faces challenges of
timing, target identification, and valida-
tion. Off-the-shelf immunotherapeutic
approaches targeting broadly presented
non-mutated TAAs might offer immedi-
ate bridging therapy closing the time gap
between tumor debulking and patient-
individualized immunotherapy, and fur-
thermore lend themselves as targets for the
immunotherapy of malignancies with low
numbers of mutations. On the other
hand, the underwhelming clinical effec-
tiveness of non-mutated targets to date
might, at least in part, be attributable to
suboptimal antigen selection strategies
lacking direct evidence of tumor-associ-
ated epitope presentation. As previously

reported by our group, the highly dis-
torted correlation of gene expression and
HLA-restricted antigen presentation calls
for the direct analysis of naturally pre-
sented HLA ligands by mass spectrome-
try.5 Recent technological advances now
enable comprehensive mapping of the
HLA ligandome landscape of primary
patient material in unprecedented depth,
which in turn allows for the implementa-
tion of novel strategies of antigen identifi-
cation based solely on HLA ligandome
data.6

In our most recent study we analyzed
and characterized the non-mutant HLA-
presented antigenome of chronic lympho-
cytic leukemia (CLL) as an archetypical
example of malignancy with a low muta-
tional burden.7

Based on cohorts of 30 CLL patients
and 30 healthy individuals we identified a
panel of 49 CLL-associated antigens that
were represented exclusively on malignant
cells in more than 20% of analyzed
patients. To ensure broad clinical applica-
bility, these novel antigens were validated
to be broadly and frequently presented
across different stages and mutational sub-
types of CLL and were found to be
robustly represented in HLA ligandomes
of patients undergoing standard chemo-
immunotherapy. Notably, functional
annotation clustering and gene expression
analysis of these novel antigens did not
identify any comprehensive unifying

characteristics that might have enabled the
development of computational approaches
for the prediction of such TAAs. This
indicates the unique character of the HLA
ligandome and underscores the impor-
tance of defining T-cell antigens by direct
HLA ligandome profiling.

Surprisingly, for 14/15 of these novel
antigens functional characterization
revealed spontaneous, pre-existing
immune responses exclusively in CLL
patients. These immune responses were
further verified to be strictly leukemia-
directed and mediated by functional CLL
patient-derived T cells, thus indicating
tumor-dependent priming of T cells spe-
cific for non-mutated tumor epitopes in
vivo in CLL patients. A direct correlation
between the frequency of presentation of
these epitopes in CLL patient ligandomes
and immune recognition by CLL patient
T cells was observed. Strikingly, retrospec-
tive survival analysis in a cohort of 45
CLL patients who were dichotomized
according to their number of CLL anti-
gen-specific T-cell responses revealed sig-
nificantly improved overall survival for the
patient group recognizing more than one
antigen (Fig. 1). Together, this suggests
that disease control in CLL might be
mediated, at least in part, by spontaneous
T-cell responses targeting non-mutated
self-antigens.

These findings were surprising in mul-
tiple aspects and have the following
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important implications for the immuno-
therapy of CLL: (1) Non-mutated TAAs
are frequently targeted by spontaneous T-

cell responses in CLL patients in spite of
the absence of mutation-induced
“foreignness.” Although the notion of

“autoreactive” T cells targeting tumor-
associated self-antigens has long been
established, the high frequency of immu-
nogenicity of antigens identified in our
study is encouraging and suggests that the
direct HLA ligandome-centric approach
might be highly effective and indispens-
able for the identification of immunologi-
cally relevant tumor antigens.
Importantly, our findings also indicate
that CLL and other hematologic malig-
nancies might be effectively treated by
immune checkpoint modulation in spite
of their reportedly low number of somatic
mutations. (2) The direct correlation
between the frequencies of epitope detec-
tion in CLL ligandomes and frequencies
of peptide-specific immune recognition
might be useful for predicting the immu-
nogenicity of novel epitopes based on
HLA ligandomics data, but it also indi-
cates that antigen presentation on cancer
cells might be the limiting factor for the
priming of specific immune responses.
We are currently conducting further
experiments investigating the relative roles
of the na€ıve T cell repertoire and antigen
presentation on cancer cells in the mani-
festation of antigen-specific T-cell
responses in CLL patients. (3) The associ-
ation of CLL antigen-specific T-cell
responses with improved patient survival
suggests that the characterized epitopes are
underlying targets of pathophysiologically
relevant antileukemia immune responses
mediating disease control in CLL patients.
Knowledge of such relevant antigens may
directly be harnessed for the induction
and guidance of specific antileukemia
immune responses by off-the-shelf pep-
tide-specific immunotherapy.

Figure 1. HLA ligandome-centric workflow used
for the identification of non-mutated targets of
antileukemia T-cell responses in patients with
chronic lymphocytic leukemia. Comparative anal-
ysis of non-mutated HLA ligands presented on
peripheral blood mononuclear cells of CLL
patients and healthy individuals by mass spec-
trometry identified the most frequently repre-
sented CLL-exclusive antigens. Functional
characterization by ELSIPOT assay revealed pre-
existing T-cell responses strictly directed against
CLL-associated antigens exclusively in CLL
patients. Retrospective survival analysis in 45 CLL
patients revealed an association of these T-cell
responseswith improved overall survival.
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While these findings are encouraging,
ultimately prospective clinical trials are
needed to investigate the clinical potential
and limitations of these novel targets and

identify optimal protocols with respect to
patient stratification, timing, combina-
tion, and sequence of therapeutic
intervention.
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