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Chronic lymphocytic leukemia (CLL) is the most common form of leukemia

among adults in Western countries. Despite the introduction of targeted

therapies, including first-line Bruton’s tyrosine kinase inhibitor (BTKi) treatment,

CLL remains largely incurable. Frequent disease relapses occur due to remaining

treatment-resistant CLL cells, calling for novel therapies to eliminate minimal

residual disease (MRD). Peptide-based vaccination targeting human leucocyte

antigen (HLA)-presented CLL-associated antigens represents a promising, low-

side-effect therapeutic option to optimize treatment responses and eliminate

residual tumor cells by inducing an anti-leukemic immune response. The iVAC-

XS15-CLL01 trial is an open-label, first-in-human (FIH) Phase I trial, evaluating the

CLL-VAC-XS15 vaccine in CLL patients undergoing BTKi-based therapy. The

vaccine was developed from HLA-presented CLL-associated antigen peptides,

identified through comparative mass-spectrometry-based immunopeptidome

analyses of CLL versus healthy samples in a previous study. To facilitate rapid and

cost-effective deployment, vaccine peptides are selected for each patient from a

pre-manufactured “peptide warehouse” based on the patient’s individual HLA

allotype and CLL immunopeptidome. The trial enrolls 20 CLL patients, who

receive up to three doses of the vaccine, adjuvanted with the toll-like-receptor

(TLR) 1/2 ligand XS15 and emulsified in Montanide ISA 51 VG. The primary

objective of the iVAC-XS15-CLL01 trial is to assess the safety and

immunogenicity of the CLL-VAC-XS15 vaccine. Secondary objectives are to
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evaluate the vaccine impact on MRD, progression-free survival, and overall

survival, as well as comprehensive immunophenotyping to characterize

vaccine-induced T-cell responses. This Phase I trial aims to advance CLL

treatment by enhancing immune-mediated disease clearance and guiding the

design of subsequent Phase II/III trials to implement a new therapeutic strategy

for CLL patients.
KEYWORDS

chronic lymphocytic leukemia, peptide vaccine, BTK-inhibitor, minimal residual disease,
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1 Introduction

Chronic lymphocytic leukemia (CLL) is the most common

leukemia among adults and occurs mainly in elderly people with a

median age at diagnosis of 70 years (1, 2). Treatment options for CLL

have improved significantly over the past decade. The shift from

traditional chemoimmunotherapy to the use of targeted inhibitors

has been facilitated by a deeper understanding of the disease’s

pathophysiology, and novel targeted therapies now represent the

standard of care (3). Bruton’s tyrosine kinase inhibitor (BTKi) based

regimens, along with the combination of the B-cell lymphoma 2

(BCL-2) inhibitor Venetoclax, and Obinutuzumab, are the preferred

options for first-line treatment in CLL patients (4). However, despite

initial response rates of over 80%, most therapies achieve only partial

responses, and none of the currently available therapies achieves a

cure of the disease, necessitating continuous treatment and bearing

the risk of treatment resistance and the accumulation of side effects

(5). Persisting residual CLL cells, so-called minimal residual disease

(MRD), mediate disease relapse (6). Therefore, the successful

elimination of MRD is crucial for achieving long-lasting remission

and a potential cure for CLL patients.

Scientific evidence from the success of allogeneic stem cell

transplantation (7, 8), spontaneous remissions after viral

infections (9) and the generally heterogeneous disease course of

CLL (10), points to an immune control of the disease that may be

strengthened or induced by immunotherapeutic approaches.

Antigen-specific immunotherapies, particularly peptide-based

vaccines targeting tumor-associated human leukocyte antigen

(HLA)-presented peptides, represent a promising, low-side-effect

strategy for inducing anti-tumor T-cell responses. So far, the broad

application of peptide-based vaccines in cancer patients is hindered

by the challenges of time- and cost-intensive personalized vaccine

design, as well as a lack of neoepitopes from tumor-specific

mutations. This complicates the identification of target structures

through genome-based sequencing approaches, especially in low-

mutational burden malignancies like CLL (11).
02
To overcome these limitations, we have developed a mass-

spectrometry-based immunopeptidome-guided workflow for the

design of a tumor-associated, off-the-shelf peptide warehouse for

broadly applicable personalized vaccines (12–14). This workflow

facilitates the identification of tumor-specific HLA-ligands,

including non-mutated tumor peptides that arise from altered

gene expression or protein processing in tumor cells. By

immunopeptidome analyses of primary CLL samples and

comparison with an extensive dataset of benign tissues, we

recently identified highly frequent, non-mutation-derived, CLL-

associated antigens (12). These CLL-associated peptides were

further shown to be recognized by pre-existing and de-novo

induced T-cells in CLL patients. The number of presented CLL-

associated HLA peptides, and their recognition by patients T-cells

positively correlate with disease outcome, confirming the

pathophysiological relevance of these antigens (15).

We here report the trial protocol of the first-in-human (FIH) phase

I trial iVAC-XS15-CLL01, which evaluates the personalized multi-

peptide vaccine CLL-VAC-XS15, based on CLL-associated peptides.

The most frequent CLL-associated peptides were compiled in a

premanufactured peptide warehouse, allowing personalized vaccine

cocktails tailored to each patient ’s HLA allotype and

immunopeptidome analysis. The ability to personalize the vaccine

cocktail based on the immunopeptidome distinguishes iVAC-XS15

from most previous CLL vaccines (NCT03219450, NCT03939234

(16)) and ensures that the target antigens are naturally presented on

CLL cells. While current vaccinations are limited to one or a few

peptides restricted to one HLA allotype, iVAC-XS15 contains multiple

peptides restricted to both HLA class I and HLA class II. Previous

vaccination trials in CLL patients have shown impaired cellular

immune responses in CLL patients (17, 18). The iVAC-XS15-CLL01

trial addresses this issue and builds on our previous vaccination trials in

immunocompromised patients NCT04954469 (19) by incorporating

the new and innovative adjuvant XS15. XS15 is a water-soluble

derivative of Pam3Cys. Emulsified in Montanide ISA 51 VG, XS15

has demonstrated safety, tolerability, and has proven to induce strong
frontiersin.org
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and long-lasting T cell responses even in immunocompromised

patients (20, 21).
2 Methods and analysis

2.1 Trial design

iVAC-XS15-CLL01 is an open-label, FIH Phase I trial

evaluating the safety, immunogenicity, and preliminary efficacy of

the CLL-VAC-XS15 personalized multi-peptide vaccine in CLL

patients undergoing BTKi-based standard therapy. Patients with

prior exposure to BCL-2 inhibitors or chemoimmunotherapy are

excluded from the trial. After an initial screening phase, only

patients who achieve at least a partial remission (PR) under

BTKi-based standard therapy and show MRD positivity in blood

or bone marrow enter the treatment phase and receive the CLL-

VAC-XS15 vaccine. These patients represent the trial cohort. The

trial duration for each patient is approximately 10 months starting

with the first vaccination, including a four-month treatment phase

and a six-month follow-up period. The overall duration of the trial

is expected to be approximately 3 years. Patients progress through

the following trial phases (Figure 1):
2.1.1 Screening
Informed consent is acquired from participants who enter the

screening process. Eligibility of patients is determined through initial

evaluation of inclusion and exclusion criteria. The assessment

involves evaluating the CLL disease state, reviewing the planned

BTKi therapy, and assessing any concurrent medications. HLA

allotyping and CLL-specific immunopeptidomic analyses are

initiated to enable personalized warehouse-based vaccine

composition based on a predefined algorithm (Figures 2, 3).
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2.1.2 BTKi treatment
After screening, patients start treatment with a BTKi-based

therapy. Combination therapies approved by the EMA, such as

anti-CD20 antibody treatment (e.g. Obinutuzumab), are permitted.

Two pre-vaccination visits (P1 and P2) are scheduled:
• P1: Three to four months after BTKi treatment initiation, to

assess therapy response according to the International

Workshop on Chronic Lymphocytic Leukemia (iwCLL)

guidelines (22) and MRD in peripheral blood.

• P2: Four to six weeks after the last application of

combination therapy, or, if BTKi is applied as single

agent, six to eight months after treatment initiation, to

assess treatment response according to iwCLL guidelines

(22) and MRD in the peripheral blood and bone marrow.

Vaccination must start within two weeks after P2.
2.1.3 Vaccination phase
Patients, who achieved at least a PR (22) with proof of MRD

positivity in blood or bone marrow at P2, are vaccinated six to nine

months after starting BTKi treatment. Patients who are MRD

negative or have not achieved a PR at P2 do not enter the

treatment phase and are considered as screening failures.

Combination anti-CD20 therapy must be completed before the

start of vaccination. BTKi treatment is continued during the

vaccination phase. Each patient receives a maximum of three

vaccinations, at four-week intervals. The vaccine is applied

subcutaneously at the abdomen. The site of vaccination (either

right or left) is retained for all vaccinations. Patients are monitored

for at least two hours after each vaccination to ensure immediate

care in case of severe or unexpected adverse events, particularly

allergic reactions. An end-of-treatment (EOT) visit is conducted 4

to 6 weeks after the final vaccination.
FIGURE 1

Treatment schedule of the iVAC-XS15-CLL01 trial. The schedule begins with two pre-vaccination visits (P1, P2) and includes five trial visits (V1-V5) for
peptide-based vaccination (Vac1-Vac3), followed by an end-of-treatment visit (EOT) and a follow-up visit (FU). Key milestones, such as achieving at
least partial remission (PR) and detecting minimal residual disease positivity (MRD+) at P2, are highlighted. The schedule permits the integration of
pre-vaccination therapies with Bruton’s tyrosine kinase (BTK) inhibitors and anti-CD20 therapies like Obinutuzumab, as approved by the European
Medicines Agency (EMA). Created with BioRender.com.
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2.1.4 Follow-up
A follow-up visit is scheduled six to six-and-a-half months after

EOT to assess clinical and immunological efficacy and to collect

comprehensive safety data.
2.2 Trial population

The trial population comprises 20 patients with a confirmed

diagnosis of CLL according to the iwCLL guidelines and positivity

for one of the following HLA alleles: HLA-A*02, A*24, B*07 (22).

Patients must meet the inclusion criteria outlined below at the time

of screening and must not fulfill any of the exclusion criteria. Before

entering the vaccination phase, a re-evaluation is conducted, and

additional inclusion and response criteria must be met. The trial

population includes both genders, with no predefined quantitative

ratio between females and males.

2.2.1 Inclusion criteria
2.2.1.1 Inclusion criteria at screening
Fron
• Age ≥ 18 years.

• Ability to understand and willingness to sign a written

informed consent form.
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• Ability to adhere to the trial schedule and other

protocol requirements.

• Eastern Cooperat ive Oncology Group (ECOG)

performance status score of ≤ 2.

• Documented diagnosis of CLL according to iwCLL

guidelines (22).

• CLL that warrants treatment according to modified criteria

for initiation of therapy (22):
i. Massive (i.e., lower edge of spleen ≥ 6 cm below the

left costal margin), progressive, or symptomatic

splenomegaly, or

ii. Massive (i.e., ≥ 10 cm in the longest diameter),

progressive, or symptomatic lymphadenopathy, or

iii. Progressive lymphocytosis in the absence of

infection, with an increase in blood absolute

lymphocyte count ≥ 50% over two months or

lymphocyte doubling time of < six months, or

iv. Autoimmune anemia and/or thrombocytopenia

that is poorly responsive to corticosteroids or

other standard therapy, or

v. Constitutional symptoms, defined as any one or

more of the following disease-related symptoms or

signs occurring in the absence of evidence

of infection:
FIGURE 2

Process of patient-individual vaccine composition. The CLL-VAC-XS15 vaccine comprises a personalized multi-peptide cocktail tailored for each
patient based on their human leukocyte antigen (HLA) allotype and, if applicable, an immunopeptidome analysis performed on peripheral blood
mononuclear cells (PBMCs). Using a predefined algorithm, HLA class I-restricted vaccination peptides are selected from pre-produced warehouse
peptides. HLA class II-restricted vaccination peptides include chronic lymphocytic leukemia (CLL)-specific peptides, which are added to the peptide
cocktail independently of the patient’s HLA allotype (purple), along with control peptides (white). Peptides are combined with the adjuvant XS15 and
emulsified in Montanide, forming the individual CLL-VAC-XS15 vaccine for the patient. Created with BioRender.com.
frontiersin.org

https://BioRender.com
https://doi.org/10.3389/fonc.2024.1441625
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Englisch et al. 10.3389/fonc.2024.1441625

Frontiers in
▪ Unintentional weight loss of ≥ 10% within the

previous 6 months, or

▪ Significant fatigue (≥ grade 2), or

▪ Fevers > 38.0°C for ≥ 2 weeks, or

▪ Night sweats for > 1 month.
Oncolo
• Planned initiation of a BTKi-based monotherapy or

combination therapy (e.g. anti-CD20-based regimens).
2.2.1.2 Inclusion criteria for entering the
vaccination phase
• HLA typing positive for any of the following alleles: HLA-

A*02 or A*24, B*07.

• Prior BTKi treatment of at least 6 months and no longer

than 8 months.

• Ongoing BTKi monotherapy.

• Achievement of response [at least PR according to iWCLL

guidelines (22)].

• MRD positivity (CLL cells in peripheral blood ≥ 10-4

determined by flow cytometry).

• Negative SARS-CoV-2 test, as long as requested by

state regulations.
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• Negative serological Hepatitis B test or negative PCR in case

of positive serological test without evidence of an active

infection, negative testing of Hepatitis C RNA, negative

HIV test within 6 weeks before trial inclusion.

• Female patients of childbearing potential (FCBP) and male

patients with partners of childbearing potential who are

sexually active must agree to use two effective forms of

contraception throughout the trial. Additionally, FCBPs

must provide a negative urine or serum pregnancy test

within 14 days before vaccination.

• Postmenopausal or evidence of non-childbearing status

defined as:
i. Amenorrhoeic for 1 year or more following

cessation of exogenous hormonal treatments.

ii. Luteinizing hormone (LH) and Follicle-stimulating

hormone (FSH) levels in the post-menopausal

range for women under 50 years.
2.2.2 Exclusion criteria
• Pregnant or lactating females.

• Planned treatment regime without BTKi.
FIGURE 3

Detailed outline of the peptide selection algorithm for human leukocyte antigen (HLA) class I-restricted CLL-associated peptides. Peptide selection
depends on the patient’s HLA allotype and immunopeptidome analysis. *randomized peptide selection if frequencies of two peptides are identical.
Created with BioRender.com.
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• Adverse events related to BTKi therapy graded > 2

according to the Common Toxicity Criteria for Adverse

Events (CTCAE) version 5.0.

• Participation in any clinical trial or having taken any

investigational therapy that would interfere with the trial’s

primary and secondary endpoints.

• Prior history of malignancies other than CLL, unless the

subject has been free of the disease for ≥ 5 years. Exceptions

include the following:
tiers in
◦ Basal cell carcinoma of the skin.

◦ Carcinoma in situ of the cervix.

◦ Carcinoma in situ of the breast.

◦ Incidental histological finding of prostate cancer

(TNM stage of T1a or T1b).
• Disease transformation (active), i.e. Richter’s syndrome,

prolymphocytic leukemia.

• Autoimmune hemolysis or immune thrombocytopenia

caused by CLL.

• Any immunosuppressive treatment not related to CLL

except corticosteroids.

• Pre-existing auto-immune disease except for Hashimoto

thyroiditis and mild (not requiring immunosuppressive

treatment) psoriasis.

• Chronic lung disease requiring drug treatment.
2.3 Investigational drug

The CLL-VAC-XS15 vaccine is designed as a personalized multi-

peptide cocktail containing six CLL-associated peptides and two

control peptides selected from premanufactured CLL warehouse

peptides, adjuvanted with the TLR1/2 ligand XS15. Before

administration, the peptide cocktail is emulsified in a 1:1 water-to-

oil emulsion with Montanide ISA 51 VG. Each peptide in the cocktail

is administered at a dose of 300 µg, determined to be effective in

inducing robust and durable T-cell responses (19, 21, 23). The TLR1/

2 ligand XS15 is included at a dose of 50 µg and is dissolved in a 33%

DMSO and water solution, a formulation that has proven to be safe

and well-tolerated in previous trials (19, 21, 23).

The vaccine peptides for each patient are selected from a

premanufactured peptide warehouse comprising nine CLL-

associated HLA class I-restricted peptides (3 x HLA-A*02, 3 x

HLA-A*24, 3 x HLA-B*07) and three CLL-associated HLA class II-

restricted peptides. These warehouse peptides were defined by

mass-spectrometry-based immunopeptidomics in a large cohort

of primary CLL samples and were selected based on their frequent

presentation on CLL cells compared to normal tissues and their

ability to elicit functional T-cell responses (12).

The personalization of the peptide cocktail involves the

selection of three CLL-associated HLA class I-restricted peptides

based on the patient’s HLA allotype and the immunopeptidome of

their CLL cells. Patients with only one corresponding HLA class I

allotype receive all three peptides of that type. Those with more than

one matching allotype have their peptides tailored based on

individual immunopeptidome analyses (Figure 3). The three CLL-
Oncology 06
associated HLA class II-restricted peptides included in the peptide

cocktails do not require allotype-based selection due to their

promiscuous binding to multiple HLA class II allotypes, ensuring

broad compatibility (24).

In addition to CLL-associated peptides, the cocktail contains two

HLA class II-restricted control peptides serving dual functions: One

peptide, derived from the hexon protein of adenovirus C, assesses the

patient’s general ability to mount a T-cell response against non-self

antigens (25). The second control peptide, derived from BIRC5/

survivin, is a pan-tumor-associated peptide that induces strong CD4+

T-cell responses, serving as a reference for evaluating responses

induced by the CLL-associated peptides (26, 27).
2.4 Vaccination schedule

Patients are scheduled to receive three subcutaneous

vaccinations of CLL-VAC-XS15, administered at four-week

intervals. This schedule is based on previous clinical experiences

with peptide-based vaccines combined with the TLR1/2 ligand

XS15 in healthy volunteers and cancer patients (19–21, 23).

Observations from our SARS-CoV-2 peptide-based vaccine

CoVac-1 indicated a decline in T-cell response twelve months

after administration in elderly volunteers (28). However, XS15-

adjuvanted vaccines in cancer patients maintained strong T-cell

responses for more than two years after just two doses (21). Even

highly immunocompromised patients achieved strong immune

responses with no more than three doses (21). Thus, given the

advanced age and immunosuppressed status of CLL patients, a

three-dose schedule has been adopted to ensure adequate

immunogenicity. The decision to proceed with subsequent

vaccinations is based on the patient’s tolerance of previous doses

without significant toxicity. For CTCAE grade 3 or higher adverse

events or the presence of skin ulcerations, vaccinations may be

postponed for up to four weeks or until the event resolves to grade 2

or lower or ulcerations resolve. For CTCAE grade 4 events, further

vaccinations will be permanently discontinued unless the event is

clearly unrelated to the vaccine. No premedication is required prior

to vaccination.
2.5 Trial objectives

The iVAC-XS15-CLL01 tr ial evaluates the safety ,

immunogenicity, and preliminary efficacy of the CLL-VAC-XS15

personalized multi-peptide vaccine administered together with

standard BTKi-based therapy in CLL patients.

2.5.1 Primary objectives
The trial is designed to evaluate two primary objectives:
a. The primary safety objective is to determine the safety and

tolerability of the CLL-VAC-XS15 vaccine. This is

systematically determined by monitoring the frequency

and severity of adverse events (AEs), serious adverse

events (SAEs), and suspected unexpected serious
frontiersin.org
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Fron
adverse reactions (SUSARs) according to the CTCAE

V5.0 guidelines.

b. The primary efficacy objective is to assess the

immunogenicity of the CLL-VAC-XS15 vaccine by

evaluating the induction of peptide-specific T-cell

r e s p o n s e s . T h e s e r e s p o n s e s a r e q u a n t i fi e d

using Interferon-gamma (IFN-g) Enzyme-linked

Immunosorbent Spot (ELISPOT) assays at various stages

of the trial (visits 2, 3, 4, and follow-up visit) compared to

baseline levels. Patients are considered analyzable when

they have received at least two vaccinations, and data on

immunogenicity is available.
2.5.2 Secondary objectives
The secondary objectives of this trial are:

2.5.2.1 To analyze MRD negativity

MRD negativity in peripheral blood is defined as the presence of

less than one CLL cell among 10,000 leukocytes (0.01%) and is

measured by flow cytometry at the EOT and during follow-up.

2.5.2.2 To evaluate progression-free survival and
overall survival

PFS is the time from the first vaccination to the progression of

disease or death from any cause, whichever comes first. OS is the

time from the first vaccination until death from any cause. Patients

are censored at their last follow-up.

2.5.2.3 To assess the duration of response

DOR is measured from the date of first documented response to

the first occurrence of progression or relapse (determined according

to the standard iwCLL guidelines) or death by any cause, whichever

occurs first. Patients are censored at their last follow-up.

2.5.2.4 To evaluate the quality of life during
trial treatment

QoL is measured using the overall quality of life scores from the

European Organization for Research and Treatment of Cancer

Quality of Life Questionnaire Core 30 (EORTC QLQ-C30).

Assessments occur at visit 1, EOT, and during follow-up.

2.5.2.5 To assess changes in
lymphocyte immunophenotypes

Absolute changes in the number and percentage of lymphocyte

subsets (B-cell subsets, T-cell subsets, NK-cells) and myeloid-

derived suppressor cells (MDSC) are analyzed from pre-

vaccination visit two P2 (baseline) through follow-up using

flow cytometry.

2.5.2.6 To characterize the vaccine-induced
T-cell response

The vaccine-induced T-cell responses are characterized using

flow-cytometry-based phenotyping and functionality testing. This

analysis includes assessing peptide-specific T-cells collected from
tiers in Oncology 07
the pre-vaccination visit P2 (defined as baseline) and subsequent

samples obtained during follow-up visits.
2.6 Safety

Safety and toxicity of the CLL-VAC-XS15 vaccine are evaluated

based on the CTCAE V5.0 guidelines and assessed descriptively

(29). To ensure comprehensive safety monitoring, serial

measurements are conducted at screening and scheduled intervals

throughout the trial. All AEs and SAEs are documented and

reported according to Good Clinical Practice (GCP) guidelines.

Any SAEs that are both suspected (potentially related to the

vaccine) and unexpected (not consistent with the known

properties of the product) are classified as SUSARs and require

expedited reporting to the responsible ethics committees, the Paul-

Ehrlich-Institut (PEI) as the competent higher federal authority,

and to all participating investigators.
2.7 Data safety monitoring board

An independent Data and Safety Monitoring Board (DSMB)

consisting of experts in hematology, oncology, and immunology,

monitors the trial’s progress, safety data, and key efficacy endpoints.

The DSMB ensures ethical trial conduct and patient safety and

receives regular updates from the Sponsor and/or Clinical

Investigator about all safety-related events. Before the start of the

trial and annually thereafter, the DSMB receives a report

summarizing all relevant safety data, recruitment rates, and trial

status. In case of safety concerns, such as vaccine-related (SAEs), the

DSMB can convene an emergency meeting. The DSMB provides

recommendations on whether to modify, continue, or terminate the

trial based on its reviews.
2.8 Sample size calculation

The sample size was established based on statistical power

considerations and type I error probability. Assuming a peptide-

specific immune response in fewer than 30% of patients, the trial is

designed to limit the type I error (false positive rate) to 5%,

preventing premature advancement of ineffective therapy. For a

response in 60% or more of patients, the trial aims for a statistical

power of 80%, ensuring a high likelihood of correctly identifying

effective treatment worthy of Phase III trials. The calculations are

based on a binomial distribution with a sample size of 20 patients,

achieving an exact power of 87% and a type I error of 4.8%. A

minimum of 10 patients must demonstrate an immune response to

consider the vaccine for further clinical development.
3 Discussion

The iVAC-XS15-CLL01 trial is a FIH trial evaluating the safety

and immunogenicity of a personalized peptide-based vaccination
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adjuvanted with the TLR1/2 ligand XS15 in CLL patients under

BTKi-based treatment. The multi-peptide vaccine CLL-VAC-XS15

comprises naturally presented non-mutated CLL-associated

antigens expected to induce multiple leukemia-specific CD8+ and

CD4+ T-cell responses that lead to the killing of residual CLL cells

and thus protection from disease relapse, eventually resulting in

prolonged survival.

Despite numerous previous clinical trials, which have often

failed to translate robust T-cell responses into tangible clinical

benefits (30–36), we and others provided compelling evidence

that T-cell responses against HLA-presented tumor antigens are

associated with improved clinical outcomes in several malignancies,

including CLL (15, 37–39). This points to a potential for clinical

efficacy of peptide-based vaccines in CLL, presuming their design

and application are meticulously optimized. An additional

challenge in the development of peptide-based vaccines represents

the time-consuming and costly process of producing individualized

vaccine products (11). The iVAC-XS15-CLL01 trial aims to

overcome these limitations by addressing several key prerequisites

for clinical effective vaccine design:

A central component in vaccine development is the selection of

optimal target antigens. These targets consist of HLA-presented

peptides that are naturally, frequently, and exclusively presented on

the surface of malignant cells, eliciting a specific T-cell immune

response. The discrepancy between gene expression and HLA-

restricted presentation of these antigens necessitates the use of

direct methods to identify potential vaccine targets. Mass-

spectrometry-based immunopeptidome analyses represent the

only unbiased method for the direct identification and

characterization of naturally presented tumor-associated peptides

on the cell surface of malignant cells (40, 41). In recent years, we

used this approach to identify and characterize tumor-associated

antigen peptides in various hematological malignancies, including

CLL, and proved their pathophysiological relevance for disease

outcome (12, 15, 39, 42–44).

To address the challenge of the time- and cost-intensive

production of personalized vaccines, we have implemented a

“peptide warehouse concept” to streamline this process (12, 45).

This approach involves the premanufacturing of highly frequent

tumor-associated antigens, which are then used to formulate

personalized vaccine cocktails based on the patient’s HLA

allotype and immunopeptidome analyses. The iVAC-XS15-CLL

trial employs such a peptide warehouse specifically designed for

CLL. While the selection of HLA class I-restricted peptides for the

CLL-VAC-XS15 vaccine must be personalized, the HLA class II-

restricted peptides included in the vaccine cocktail can be

administered to all patients due to their promiscuous binding to

multiple HLA class II allotypes (23, 45). By targeting multiple

antigens per patient, the risk of immune escape due to the loss of

antigens is minimized (46).

Besides the selection of optimal antigen targets, a key

prerequisite for efficient peptide vaccination is the usage of a

potent adjuvant enabling the induction of strong and long-lasting

immune responses. In the iVAC-XS15-CLL01 trial, we apply an

innovative adjuvant formulation based on the TLR1/2 agonist XS15

that has already proven safety and tolerability as well as potent T
Frontiers in Oncology 08
cell activation in clinical trials (NCT04546841 (23), NCT04954469

(19)). XS15, a water-soluble derivative of the TLR1/2 ligand

Pam3Cys (20), is combined with the peptide cocktail and

emulsified with Montanide ISA 51 VG, resulting in an oily

vaccine formulation for subcutaneous injection into the

abdominal tissue. This formulation is designed to provide

continuous immune stimulation without systemic side effects and

has been shown to induce potent CD8+ and Th1 CD4+ T-cell

responses after single dosing, exceeding those elicited by other

peptide and mRNA-based vaccines (20). In addition, the specific

XS15 adjuvant formulation creates a depot at the injection site

where the vaccinated peptides persist, thereby facilitating the

continuous induction of robust immune responses lasting up to

several years (19–21, 23, 28). Importantly, no significant systemic

side effects have been reported in healthy volunteers [NCT04546841

(23)] or in cancer patients (21), in particular no allergic or

anaphylactic reactions or immune-related side effects.

Alongside optimizing the vaccine design, the rational

combination of peptide-based vaccines with established standard

therapies is crucial for enhancing their clinical effectiveness. In the

iVAC-XS15-CLL01 trial, peptide-based vaccination is administered

to patients undergoing BTKi-based treatment who have achieved at

least a PR. BTKi therapy significantly reduces tumor mass and

restores the T-cell compartment (4, 5). This improves the effector-

to-target cell ratio, enabling more CLL-specific T-cells to effectively

target and eliminate a smaller number of remaining tumor cells.

Furthermore, several studies have shown a positive effect of BTKi

on T-cell responses in CLL via enhanced T-cell diversity and

effector function as well as improved antigen presentation, and

reduced expression of programmed cell death protein 1 (PD1) and

programmed cell death ligand 1 (PDL1) of leukemia cells (47–53).

Taken together, the iVAC-XS15-CLL01 trial integrates several

innovative strategies to optimize peptide-based immunotherapy for

eradication of MRD in CLL. By employing an optimized selection of

target antigens based on immunopeptidome analysis, incorporating

the innovative adjuvant XS15, and utilizing a peptide warehouse

approach for rapid and cost-effective personalized vaccine

production, this trial aims to maximize the therapeutic potential

of peptide-based vaccination. Furthermore, the combination with

effective BTKi therapy enhances the T-cell response and improves

the effector-to-target ratio, thus increasing the overall effectiveness

of the treatment. While the primary objective of the iVAC-XS15-

CLL01 trial is to establish the safety and immunogenicity of the

CLL-VAC-XS15 vaccine, the secondary endpoints will provide first

evidence for clinical efficacy by assessing MRD elimination and

improvement of disease outcome in CLL patients.
Ethics statement

The iVAC-XS15-CLL01 trial is conducted in accordance with

the declaration of Helsinki, adheres to the International Conference

on Harmonization (ICH) guidelines, and follows GCP guidelines.

All treatments and examinations only begin after obtaining written

informed consent from the patients. The VAC-XS15-CLL01 trial

was approved by the Ethics Committee of the University and
frontiersin.org

https://doi.org/10.3389/fonc.2024.1441625
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Englisch et al. 10.3389/fonc.2024.1441625
University Hospital Tübingen (554/2020AMG1) and the Paul-

Ehrlich-Institut, the Federal Institute for Biomedicine and

Vaccines in Germany (4145/01). Throughout the trial, regular

updates are provided to the responsible authorities about the

trial's progress.
Author contributions

AE: Investigation, Writing – original draft, Writing – review &

editing, Formal Analysis, Visualization. ClH: Investigation, Writing

– original draft, Writing – review & editing, Formal Analysis,

Visualization. SJ: Conceptualization, Investigation, Writing –

review & editing, Formal Analysis. JH: Conceptualization,

Investigation, Writing – review & editing, Formal Analysis. ChH:

Conceptualization, Formal Analysis, Investigation, Writing –

review & editing. YM: Conceptualization, Formal Analysis,

Investigation, Resources, Writing – review & editing. AN:

Conceptualization, Formal Analysis, Investigation, Resources,

Writing – review & editing. MW: Conceptualization, Formal

Analysis, Investigation, Resources, Writing – review & editing.

MD: Investigation, Resources, Writing – review & editing. LZ:

Investigation, Resources, Writing – review & editing. CK:

Investigation, Resources, Writing – review & editing. PM:

Conceptualization, Data curation, Formal Analysis, Writing –

review & editing. HS: Conceptualization, Formal Analysis,

Investigation, Supervision, Writing – review & editing. JW:

Conceptualization, Formal Analysis, Funding acquisition,

Investigation, Project administration, Supervision, Writing –

original draft, Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This work

was supported by the Deutsche Forschungsgemeinschaft (DFG,
Frontiers in Oncology 09
German Research Foundation, Grant WA 4608/1-2), the

Deutsche Forschungsgemeinschaft under Germany’s Excellence

Strategy (Grant EXC2180-390900677), and the AKF program

(Angewandte Klinische Forschung = Applied Clinical Research)

of the Medical Faculty of the University of Tübingen.
Acknowledgments

We thank the members of the Data Safety Monitoring Board;

the technical and clinical staff of the Clinical Collaboration Unit

Translational Immunology, Department of Internal Medicine,

University Hospital Tübingen, and the Department for Peptide-

Based Immunotherapy, Institute of Immunology, University and

University Hospital Tübingen; the Pharmacy of the University

Hospital Tübingen; the data management team at the Institute for

Clinical Epidemiology and Applied Biometry, University Hospital

Tübingen, and the ‘Zentrum für Klinische Studien’ at the University

Hospital Tübingen for support and coordination.
Conflict of interest

AN and JW are listed as inventors on patents related to peptides

described in this manuscript.

The remaining authors declare that the research was conducted

in the absence of any commercial or financial relationships that

could be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
1. Jemal A, Siegel R, Ward E, Murray T, Xu J, Thun MJ. Cancer statistics, 2007. CA:
Cancer J Clin. (2007) 57:43–66. doi: 10.3322/canjclin.57.1.43

2. Rozman C, Montserrat E. Chronic lymphocytic leukemia. New Engl J Med. (1995)
333:1052–7. doi: 10.1056/NEJM199510193331606

3. Nasnas P, Cerchione C, Musuraca G, Martinelli G, Ferrajoli A. How I manage
chronic lymphocytic leukemia. Hematol Rep. (2023) 15:454–64. doi: 10.3390/
hematolrep15030047

4. Coombs CC. Frontline therapy of CLL-changing treatment paradigms. Curr
Hematol Malig Rep. (2024) 19:65–74. doi: 10.1007/s11899-024-00726-x

5. Barr PM, Owen C, Robak T, Tedeschi A, Bairey O, Burger JA, et al. Up to 8-year
follow-up from RESONATE-2: first-line ibrutinib treatment for patients with chronic
lymphocyt ic leukemia. Blood Adv . (2022) 6 :3440–50. doi : 10 .1182/
bloodadvances.2021006434

6. Moreton P, Kennedy B, Lucas G, Leach M, Rassam SM, Haynes A, et al.
Eradication of minimal residual disease in B-cell chronic lymphocytic leukemia after
alemtuzumab therapy is associated with prolonged survival. J Clin Oncol: Off J Am Soc
Clin Oncol. (2005) 23:2971–9. doi: 10.1200/JCO.2005.04.021

7. Russell NH, Byrne JL, Faulkner RD, Gilyead M, Das-Gupta EP, Haynes AP.
Donor lymphocyte infusions can result in sustained remissions in patients with residual
or relapsed lymphoid Malignancy following allogeneic haemopoietic stem cell
transplantation. Bone marrow Transplantat. (2005) 36:437–41. doi: 10.1038/
sj.bmt.1705074

8. Gribben JG, Zahrieh D, Stephans K, Bartlett-Pandite L, Alyea EP, Fisher DC, et al.
Autologous and allogeneic stem cell transplantations for poor-risk chronic lymphocytic
leukemia. Blood. (2005) 106:4389–96. doi: 10.1182/blood-2005-05-1778

9. Ribera JM, Vinolas N, Urbano-Ispizua A, Gallart T, Montserrat E, Rozman C.
Spontaneous” complete remissions in chronic lymphocytic leukemia: report of three
cases and review of the literature. Blood Cells. (1987) 12:471–83.

10. Hallek M. Signaling the end of chronic lymphocytic leukemia: new frontline
treatment strategies. Blood. (2013) 122:3723–34. doi: 10.1182/blood-2013-05-498287

11. Nelde A, Rammensee HG, Walz JS. The peptide vaccine of the future. Mol Cell
Proteomics. (2021) 20:100022. doi: 10.1074/mcp.R120.002309

12. Nelde A, Maringer Y, Bilich T, Salih HR, Roerden M, Heitmann JS, et al.
Immunopeptidomics-guided warehouse design for peptide-based immunotherapy in
chronic lymphocytic leukemia. Front Immunol. (2021) 12:705974. doi: 10.3389/
fimmu.2021.705974

13. Maringer Y, Freudenmann L, Nelde A, Heitmann JS, Salih HR, Dubbelaar M,
et al. Abstract 3556: Immunopeptidomics-guided tumor antigen warehouse design and
frontiersin.org

https://doi.org/10.3322/canjclin.57.1.43
https://doi.org/10.1056/NEJM199510193331606
https://doi.org/10.3390/hematolrep15030047
https://doi.org/10.3390/hematolrep15030047
https://doi.org/10.1007/s11899-024-00726-x
https://doi.org/10.1182/bloodadvances.2021006434
https://doi.org/10.1182/bloodadvances.2021006434
https://doi.org/10.1200/JCO.2005.04.021
https://doi.org/10.1038/sj.bmt.1705074
https://doi.org/10.1038/sj.bmt.1705074
https://doi.org/10.1182/blood-2005-05-1778
https://doi.org/10.1182/blood-2013-05-498287
https://doi.org/10.1074/mcp.R120.002309
https://doi.org/10.3389/fimmu.2021.705974
https://doi.org/10.3389/fimmu.2021.705974
https://doi.org/10.3389/fonc.2024.1441625
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Englisch et al. 10.3389/fonc.2024.1441625
first clinical application of a personalized peptide vaccine for prostate cancer. Cancer
Res. (2022) 82:3556–. doi: 10.1158/1538-7445.AM2022-3556

14. Schroeder S, Gross T, Nelde A, Wacker M, Bauer J, Rieth J, et al. Abstract 3555:
Immunopeptidomics-guided tumor antigen warehouse design for peptide-based
immunotherapy in head and neck squamous cell carcinomas. Cancer Res. (2022)
82:3555–. doi: 10.1158/1538-7445.AM2022-3555

15. Marconato M, Maringer Y, Walz JS, Nelde A, Heitmann JS. Immunopeptidome
diversity in chronic lymphocytic leukemia identifies patients with favorable disease
outcome. Cancers (Basel). (2022) 14(19):4659. doi: 10.3390/cancers14194659

16. Klausen U, Grauslund JH, Jorgensen NGD, Ahmad SM, Jonassen M, Weis-
Banke SE, et al. Anti-PD-L1/PD-L2 therapeutic vaccination in untreated chronic
lymphocytic leukemia patients with unmutated IgHV. Front Oncol. (2022)
12:1023015. doi: 10.3389/fonc.2022.1023015

17. Ujjani C, Gooley TA, Spurgeon SE, Stephens DM, Lai C, Broome CM, et al.
Diminished humoral and cellular responses to SARS-CoV-2 vaccines in patients with
chronic lymphocytic leukemia. Blood Adv. (2023) 7:4728–37. doi: 10.1182/
bloodadvances.2022009164

18. Mellinghoff SC, Robrecht S, Mayer L, Weskamm LM, Dahlke C, Gruell H, et al.
SARS-CoV-2 specific cellular response following COVID-19 vaccination in patients
with chronic lymphocytic leukemia. Leukemia. (2022) 36:562–5. doi: 10.1038/s41375-
021-01500-1

19. Heitmann JS, Tandler C, Marconato M, Nelde A, Habibzada T, Rittig SM, et al.
Phase I/II trial of a peptide-based COVID-19 T-cell activator in patients with B-cell
deficiency. Nat Commun. (2023) 14:5032. doi: 10.1038/s41467-023-40758-0

20. Rammensee HG, Wiesmuller KH, Chandran PA, Zelba H, Rusch E,
Gouttefangeas C, et al. A new synthetic toll-like receptor 1/2 ligand is an efficient
adjuvant for peptide vaccination in a human volunteer. J Immunother Cancer. (2019)
7:307. doi: 10.1186/s40425-019-0796-5

21. Bauer J, Kohler N, Maringer Y, Bucher P, Bilich T, Zwick M, et al. The oncogenic
fusion protein DNAJB1-PRKACA can be specifically targeted by peptide-based
immunotherapy in fibrolamellar hepatocellular carcinoma. Nat Commun. (2022)
13:6401. doi: 10.1038/s41467-022-33746-3

22. Hallek M, Cheson BD, Catovsky D, Caligaris-Cappio F, Dighiero G, Dohner H,
et al. iwCLL guidelines for diagnosis, indications for treatment, response assessment,
and supportive management of CLL. Blood. (2018) 131:2745–60. doi: 10.1182/blood-
2017-09-806398

23. Heitmann JS, Bilich T, Tandler C, Nelde A, Maringer Y, Marconato M, et al. A
COVID-19 peptide vaccine for the induction of SARS-CoV-2 T cell immunity. Nature.
(2022) 601:617–22. doi: 10.1038/s41586-021-04232-5

24. Schuler MM, Nastke MD, Stevanovikc S. SYFPEITHI: database for searching
and T-cell epitope prediction.Methods Mol Biol. (2007) 409:75–93. doi: 10.1007/978-1-
60327-118-9_5

25. Olive M, Eisenlohr L, Flomenberg N, Hsu S, Flomenberg P. The adenovirus
capsid protein hexon contains a highly conserved human CD4+ T-cell epitope. Hum
Gene Ther. (2002) 13:1167–78. doi: 10.1089/104303402320138952

26. Yu B, Salup R, Sherman S, DC A, Galbrilovich DI. Full-length dominant-
negative survivin for cancer immunotherapy. Clin Cancer Res. (2003) 9:6523–33.

27. Widenmeyer M, Shebzukhov Y, Haen SP, Schmidt D, Clasen S, Boss A, et al.
Analysis of tumor antigen-specific T cells and antibodies in cancer patients treated with
radiofrequency ablation. Int J Cancer. (2011) 128:2653–62. doi: 10.1002/ijc.25601

28. Tandler C, Heitmann JS, Michel TM, Marconato M, Jaeger SU, Tegeler CM, et al.
Long-term efficacy of the peptide-based COVID-19 T cell activator CoVac-1 in healthy
adults. Int J Infect Dis. (2024) 139:69–77. doi: 10.1016/j.ijid.2023.11.009

29. U.S. Department of Health and Human Services NIoH and National Cancer
Institute. Common Terminology Criteria for Adverse Events (CTCAE) Version 5.0. (2017).
Available online at: https://ctep.cancer.gov/protocoldevelopment/electronic_applications/
docs/CTCAE_v5_Quick_Reference_8.5x11.pdf (accessed May 12, 2024).

30. Schmitt M, Schmitt A, Rojewski MT, Chen J, Giannopoulos K, Fei F, et al.
RHAMM-R3 peptide vaccination in patients with acute myeloid leukemia,
myelodysplastic syndrome, and multiple myeloma elicits immunologic and clinical
responses. Blood. (2008) 111:1357–65. doi: 10.1182/blood-2007-07-099366

31. Hilf N, Kuttruff-Coqui S, Frenzel K, Bukur V, Stevanovic S, Gouttefangeas C,
et al. Actively personalized vaccination trial for newly diagnosed glioblastoma. Nature.
(2019) 565:240–5. doi: 10.1038/s41586-018-0810-y

32. Oka Y, Tsuboi A, Taguchi T, Osaki T, Kyo T, Nakajima H, et al. Induction of
WT1 (Wilms’ tumor gene)-specific cytotoxic T lymphocytes by WT1 peptide vaccine
and the resultant cancer regression. Proc Natl Acad Sci United States Am. (2004)
101:13885–90. doi: 10.1073/pnas.0405884101

33. Walter S, Weinschenk T, Stenzl A, Zdrojowy R, Pluzanska A, Szczylik C, et al.
Multipeptide immune response to cancer vaccine IMA901 after single-dose
cyclophosphamide associates with longer patient survival. Nat Med. (2012) 18:1254–
61. doi: 10.1038/nm.2883
Frontiers in Oncology 10
34. Brunsvig PF, Kyte JA, Kersten C, Sundstrom S, Moller M, Nyakas M, et al.
Telomerase peptide vaccination in NSCLC: a phase II trial in stage III patients
vaccinated after chemoradiotherapy and an 8-year update on a phase I/II trial. Clin
Cancer Res. (2011) 17:6847–57. doi: 10.1158/1078-0432.CCR-11-1385

35. Hubbard JM, Cremolini C, Graham RP, Moretto R, Mitchell JL, Wessling J, et al.
Evaluation of safety, immunogenicity, and preliminary efficacy of PolyPEPI1018 off-
the-shelf vaccine with fluoropyrimidine/bevacizumab maintenance therapy in
metastatic colorectal cancer (mCRC) patients. J Clin Oncol. (2020) 38:4048–.
doi: 10.1200/JCO.2020.38.15_suppl.4048

36. Feyerabend S, Stevanovic S, Gouttefangeas C, Wernet D, Hennenlotter J, Bedke J,
et al. Novel multi-peptide vaccination in Hla-A2+ hormone sensitive patients with
biochemical relapse of prostate cancer. Prostate. (2009) 69:917–27. doi: 10.1002/
pros.20941

37. Casalegno-Garduno R, Schmitt A, Spitschak A, Greiner J, Wang L, Hilgendorf I,
et al. Immune responses toWT1 in patients with AML or MDS after chemotherapy and
allogeneic stem cell transplantation. Int J Cancer. (2016) 138:1792–801. doi: 10.1002/
ijc.29909

38. Hojjat-Farsangi M, Jeddi-Tehrani M, Daneshmanesh AH, Mozaffari F,
Moshfegh A, Hansson L, et al. Spontaneous immunity against the receptor tyrosine
kinase ROR1 in patients with chronic lymphocytic leukemia. PloS One. (2015) 10:
e0142310. doi: 10.1371/journal.pone.0142310

39. Kowalewski DJ, Schuster H, Backert L, Berlin C, Kahn S, Kanz L, et al. HLA
ligandome analysis identifies the underlying specificities of spontaneous antileukemia
immune responses in chronic lymphocytic leukemia (CLL). Proc Natl Acad Sci USA.
(2014) 112(2):e166-75. doi: 10.1073/pnas.1416389112

40. Hoenisch Gravel N, Nelde A, Bauer J, Muhlenbruch L, Schroeder SM, Neidert
MC, et al. TOF(IMS) mass spectrometry-based immunopeptidomics refines tumor
antigen identification. Nat Commun. (2023) 14:7472. doi: 10.1038/s41467-023-42692-7

41. Becker JP, Riemer AB. The importance of being presented: target validation by
immunopeptidomics for epitope-specific immunotherapies. Front Immunol. (2022)
13:883989. doi: 10.3389/fimmu.2022.883989

42. Bilich T, Nelde A, Bichmann L, Roerden M, Salih HR, Kowalewski DJ, et al.
The HLA ligandome landscape of chronic myeloid leukemia delineates novel T-cell
epitopes for immunotherapy. Blood. (2019) 133:550–65. doi: 10.1182/blood-2018-
07-866830

43. Berlin C, Kowalewski DJ, Schuster H, Mirza N,Walz S, Handel M, et al. Mapping
the HLA ligandome landscape of acute myeloid leukemia: a targeted approach toward
peptide-based immunotherapy. Leukemia. (2015) 29:647–59. doi: 10.1038/leu.2014.233

44. Ritz J. Immunologic targets in AML. Blood Cancer Discovery. (2023) 4:430–2.
doi: 10.1158/2643-3230.BCD-23-0161

45. Bilich T, Nelde A, Kowalewski DJ, Kanz L, Rammensee H-G, Stevanovic S, et al.
Definition and characterization of a peptide warehouse for the patient-individualized
peptide vaccination study (iVAC-L-CLL01) after first line therapy of CLL. Blood.
(2017) 130:5346. doi: 10.1182/blood.V130.Suppl_1.5346.5346

46. Campoli M, Ferrone S. HLA antigen changes in Malignant cells: epigenetic
mechanisms and biologic significance. Oncogene. (2008) 27:5869–85. doi: 10.1038/
onc.2008.273

47. Yin Q, Sivina M, Robins H, Yusko E, Vignali M, O’Brien S, et al. Ibrutinib
therapy increases T cell repertoire diversity in patients with chronic lymphocytic
leukemia. J Immunol. (2017) 198:1740–7. doi: 10.4049/jimmunol.1601190

48. Cubillos-Zapata C, Avendano-Ortiz J, Cordoba R, Hernandez-Jimenez E,
Toledano V, Perez de Diego R, et al. Ibrutinib as an antitumor immunomodulator in
patients with refractory chronic lymphocytic leukemia. Oncoimmunology. (2016) 5:
e1242544. doi: 10.1080/2162402X.2016.1242544

49. Fraietta JA, Beckwith KA, Patel PR, Ruella M, Zheng Z, Barrett DM, et al.
Ibrutinib enhances chimeric antigen receptor T-cell engraftment and efficacy in
leukemia. Blood. (2016) 127:1117–27. doi: 10.1182/blood-2015-11-679134

50. Sagiv-Barfi I, Kohrt HE, Czerwinski DK, Ng PP, Chang BY, Levy R. Therapeutic
antitumor immunity by checkpoint blockade is enhanced by ibrutinib, an inhibitor of
both BTK and ITK. Proc Natl Acad Sci United States Am. (2015) 112:E966–72.
doi: 10.1073/pnas.1500712112

51. Sagiv-Barfi I, Kohrt HE, Burckhardt L, Czerwinski DK, Levy R. Ibrutinib
enhances the antitumor immune response induced by intratumoral injection of a
TLR9 ligand in mouse lymphoma. Blood. (2015) 125:2079–86. doi: 10.1182/blood-
2014-08-593137

52. Long M, Beckwith K, Do P, Mundy BL, Gordon A, Lehman AM, et al. Ibrutinib
treatment improves T cell number and function in CLL patients. J Clin Invest. (2017)
127:3052–64. doi: 10.1172/JCI89756

53. Qin JS, Johnstone TG, Baturevych A, Hause RJ, Ragan SP, Clouser CR, et al.
Antitumor potency of an anti-CD19 chimeric antigen receptor T-cell therapy,
lisocabtagene maraleucel in combination with ibrutinib or acalabrutinib. J
Immunother. (2020) 43:107–20. doi: 10.1097/CJI.0000000000000307
frontiersin.org

https://doi.org/10.1158/1538-7445.AM2022-3556
https://doi.org/10.1158/1538-7445.AM2022-3555
https://doi.org/10.3390/cancers14194659
https://doi.org/10.3389/fonc.2022.1023015
https://doi.org/10.1182/bloodadvances.2022009164
https://doi.org/10.1182/bloodadvances.2022009164
https://doi.org/10.1038/s41375-021-01500-1
https://doi.org/10.1038/s41375-021-01500-1
https://doi.org/10.1038/s41467-023-40758-0
https://doi.org/10.1186/s40425-019-0796-5
https://doi.org/10.1038/s41467-022-33746-3
https://doi.org/10.1182/blood-2017-09-806398
https://doi.org/10.1182/blood-2017-09-806398
https://doi.org/10.1038/s41586-021-04232-5
https://doi.org/10.1007/978-1-60327-118-9_5
https://doi.org/10.1007/978-1-60327-118-9_5
https://doi.org/10.1089/104303402320138952
https://doi.org/10.1002/ijc.25601
https://doi.org/10.1016/j.ijid.2023.11.009
https://doi.org/10.1182/blood-2007-07-099366
https://doi.org/10.1038/s41586-018-0810-y
https://doi.org/10.1073/pnas.0405884101
https://doi.org/10.1038/nm.2883
https://doi.org/10.1158/1078-0432.CCR-11-1385
https://doi.org/10.1200/JCO.2020.38.15_suppl.4048
https://doi.org/10.1002/pros.20941
https://doi.org/10.1002/pros.20941
https://doi.org/10.1002/ijc.29909
https://doi.org/10.1002/ijc.29909
https://doi.org/10.1371/journal.pone.0142310
https://doi.org/10.1073/pnas.1416389112
https://doi.org/10.1038/s41467-023-42692-7
https://doi.org/10.3389/fimmu.2022.883989
https://doi.org/10.1182/blood-2018-07-866830
https://doi.org/10.1182/blood-2018-07-866830
https://doi.org/10.1038/leu.2014.233
https://doi.org/10.1158/2643-3230.BCD-23-0161
https://doi.org/10.1182/blood.V130.Suppl_1.5346.5346
https://doi.org/10.1038/onc.2008.273
https://doi.org/10.1038/onc.2008.273
https://doi.org/10.4049/jimmunol.1601190
https://doi.org/10.1080/2162402X.2016.1242544
https://doi.org/10.1182/blood-2015-11-679134
https://doi.org/10.1073/pnas.1500712112
https://doi.org/10.1182/blood-2014-08-593137
https://doi.org/10.1182/blood-2014-08-593137
https://doi.org/10.1172/JCI89756
https://doi.org/10.1097/CJI.0000000000000307
https://doi.org/10.3389/fonc.2024.1441625
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	iVAC-XS15-CLL01: personalized multi-peptide vaccination in combination with the TLR1/2 ligand XS15 in CLL patients undergoing BTK-inhibitor-based regimens
	1 Introduction
	2 Methods and analysis
	2.1 Trial design
	2.1.1 Screening
	2.1.2 BTKi treatment
	2.1.3 Vaccination phase
	2.1.4 Follow-up

	2.2 Trial population
	2.2.1 Inclusion criteria
	2.2.1.1 Inclusion criteria at screening
	2.2.1.2 Inclusion criteria for entering the vaccination phase

	2.2.2 Exclusion criteria

	2.3 Investigational drug
	2.4 Vaccination schedule
	2.5 Trial objectives
	2.5.1 Primary objectives
	2.5.2 Secondary objectives
	2.5.2.1 To analyze MRD negativity
	2.5.2.2 To evaluate progression-free survival and overall survival
	2.5.2.3 To assess the duration of response
	2.5.2.4 To evaluate the quality of life during trial treatment
	2.5.2.5 To assess changes in lymphocyte immunophenotypes
	2.5.2.6 To characterize the vaccine-induced T-cell response


	2.6 Safety
	2.7 Data safety monitoring board
	2.8 Sample size calculation

	3 Discussion
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


