UNIVERSITY OF AMSTERDAM
X

UvA-DARE (Digital Academic Repository)

Unraveling immunity in chronic lymphocytic leukemia
Therapeutic implications

de Weerdt, I.

Publication date
2020

Document Version
Other version

License
Other

Link to publication

Citation for published version (APA):
de Weerdt, I. (2020). Unraveling immunity in chronic lymphocytic leukemia: Therapeutic
implications. [Thesis, fully internal, Universiteit van Amsterdam].

General rights

It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations

If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

UVA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

Download date:10 Mar 2023


https://dare.uva.nl/personal/pure/en/publications/unraveling-immunity-in-chronic-lymphocytic-leukemia(106aefd3-dfe7-4ec1-b679-1e759b575b2c).html

DISTINCT IMMUNE COMPOSITION IN LYMPH
NODE AND PERIPHERAL BLOOD OF CLL PATIENTS
IS RESHAPED DURING VENETOCLAX TREATMENT

Iris de Weerdt?*, Tom Hofland“?*, Renate de Boer?, Johan Dobber?, Julie Dubois', Denise
van Nieuwenhuize®?, Mehrdad Mobasher*, Fransien de Boer®, Mels Hoogendoorn®, Gerjo
A. Velders’, Marjolein van der Klift®, Ester B.M. Remmerswaal?, Frederike J. Bemelman®,
Carsten U. Niemann?®, Sabina Kersting!?, Mark-David Levin'?, Eric Eldering®?, Sanne H.

Tonino*3** and Arnon P. Kater*3*

!Department of Hematology, Amsterdam UMC, University of Amsterdam, Amsterdam
2Department of Experimental Immunology, Amsterdam UMC, University of Amsterdam, Amsterdam
3Lymphoma and Myeloma Center Amsterdam, LYMMCARE, Amsterdam

“Genentech Inc, South San Francisco, CA

°Internal Medicine, Ikazia Hospital, Rotterdam

8Internal Medicine, Medical Center Leeuwarden, Leeuwarden

’Department of Internal Medicine, Gelderse Vallei Hospital, Ede

8Department of Internal Medicine, Amphia Hospital, Breda

°Renal Transplant Unit, Amsterdam UMC, University of Amsterdam, Amsterdam
Department of Haematology, Rigshospitalet, Copenhagen University Hospital, Copenhagen
“Department of Hematology, Haga Hospital, the Hague

2Department of Internal Medicine, Albert Schweitzer Hospital, Dordrecht

*These authors contributed equally

*Shared senior authorship

Blood Adv 2019;3:2642-2652



CHAPTER 5

ABSTRACT

Morbidity and mortality due to immunosuppression remain among the foremost clinical
challenges in chronic lymphocytic leukemia (CLL). Although immunosuppression is considered to
originate within the lymph node (LN) microenvironment, alterations in T and natural killer (NK) cells
have almost exclusively been studied in peripheral blood (PB). Whereas chemoimmunotherapy
further deteriorates immune function, novel targeted agents like the B-cell ymphoma 2 inhibitor
venetoclax potentially spare nonmalignant lymphocytes; however, the effects of venetoclax
on nonleukemic cells have not been explored. We address these unresolved issues using a
comprehensive analysis of nonmalignant lymphocytes in paired LN and PB samples from untreated
CLL patients, and by analyzing the effects of venetoclax-based treatment regimens on the immune
system in PB samples from previously untreated and relapsed/refractory patients. CLL-derived LNs

contained twice the amount of suppressive regulatory T cells (T ) and CLL supportive follicular

rees)
T helper (T, ) cells compared with PB. This was accompanied b; a low frequency of cytotoxic
lymphocytes. The expression of PD-1 by CD8* T cells was significantly higher in LN compared with
PB. Venetoclax-based treatment led to deep responses in the majority of patients, but also to
decreased absolute numbers of B, T, and NK cells. T, cell, Treg, and PD-1* CD8* T cell numbers were
reduced more than fivefold after venetoclax-based therapy, and overproduction of inflammatory
cytokines was reduced. Furthermore, we observed restoration of NK cell function. These data
support the notion that the immunosuppressive state in CLL is more prominent within the LN.
Venetoclax-based regimens reduced the immunosuppressive footprint of CLL, suggesting immune

recovery after the elimination of leukemic cells.
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INTRODUCTION

Chronic lymphocytic leukemia (CLL) is accompanied by considerable immunosuppression, which
results in an increased risk for infections and secondary malignancies'?. Immune disruptions are
thought to arise from interactions between CLL cells and the immune system. These interactions
provide a supportive microenvironment for CLL cells and allow escape from immunosurveillance®>.
CLL cells actively shape a supportive immune environment that results in progressive abnormalities
in the myeloid, T, and natural killer (NK) cell compartment of CLL patients**. One result of such
T-cell alterations is the elevation of CD4* and CD8* T-cell numbers, resulting in a decreased CD4/
CD8 ratio®. CD4* T cells are skewed toward a T helper 2 (T,2) cell profile and are considered to
support CLL cells via cytokines, chemokines, and membrane-bound factors®®. Regulatory CD4* T
cells (Tregs) suppress cellular immune responses and experimental evidence®!?, as well as the
observation that T ., €xpansion is more prominent in patients with higher CLL loads'**?, indicates
that CLL cells actively recruit T gs: Although CD8* T cells of CLL patients produce high levels of
interferon-y (IFN-y) and tumor necrosis factor-a, the overexpression of inhibitory molecules, such
as PD-1, is associated with reduced proliferative capacity and cytotoxicity*3°. NK cell functionality

is also impaired in CLL, particularly with regard to degranulation and cytotoxicity”*8.

Similar to other B-cell lymphomas, such as follicular lymphoma, the lymph node (LN)
microenvironment in CLL is thought to be the predominant site of interaction between the
malignant cells and tumor-associated and tumor-specific immune cells*. However, data on
immune abnormalities in CLL patients are primarily obtained from peripheral blood (PB) studies,
and little is known about the composition of nonmalignant lymphocytes in LN tissue or how this

relates to PB.

Chemoimmunotherapy (especially bendamustine and fludarabine) has detrimental effects on
the number and function of T cells, further compromising immune function in CLL patients?®%,
Although experience so far indicates that most novel targeted therapeutic strategies do not
have such unfavorable effects on T cells, targeted agents may also influence the immune system
of CLL patients?’. The Bruton tyrosine kinase (BTK) inhibitor ibrutinib alters T, NK, and myeloid
cell function, which may result, in part, from off-target inhibition of other kinases, such as
interleukin-2 (IL-2)—inducible T-cell kinase**. However, some of these T-cell alterations have
also been observed in patients treated with the more selective BTK inhibitor acalabrutinib, which
does not inhibit inducible T-cell kinase, implying that on-target effects via the eradication of CLL

cells also eventually affect the nonmalignant immune system?”.

Venetoclax, an inhibitor of the antiapoptotic protein B-cell lymphoma 2 (Bcl-2), is highly effective
in CLL, even as monotherapy?. High rates of minimal residual disease (MRD) negativity and low
rates of progression are observed with venetoclax treatment in combination with anti-CD20
monoclonal antibodies, such as obinutuzumab32, The effects of venetoclax on nonmalignant

lymphocytes have not been investigated in patient samples. Although CLL cells rely heavily on
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Bcl-2 for their survival, other leukocytes also depend on Bcl-2 to varying degrees and, thus, may

be affected by venetoclax-based treatment3*3#,

Understanding the effects of novel treatment regimens on the immune system is particularly
important considering the fact that infections remain a leading cause of morbidity and mortality
in CLL>%%, In addition, knowledge about how venetoclax impacts lymphocytes may be valuable in
designing future combination strategies and shed light on possible risks associated with long-term
treatment. Eradication of the malignant clone potentially allows recovery of immune responses

and, thus, immunosurveillance.

To characterize the immunosuppressive footprint of CLL, we first studied the immune composition
of the PB and LN compartments in untreated progressive CLL patients. We found increased
numbers of tumor-supporting lymphocyte subsets and decreased numbers of cytotoxic
lymphocyte subsets in the LN compared with PB, indicating an immunosuppressive environment
within the LN tissue. Second, we analyzed the effect of venetoclax-based treatment on the
phenotype and function of nonmalignant lymphocytes in 2 trial cohorts. Venetoclax-based
treatment led to significant reductions in characteristic immunosuppressive features of CLL but
did not affect the functionality of T and NK cells, suggestive of immune recovery after venetoclax-

based treatment.

METHODS

Patient material

PB and fine-needle LN biopsies were collected from CLL patients in 2 phase 2 clinical trials
performed by the Dutch-Belgian Cooperative Trial Group for Hematology Oncology (HOVON):
the HOVON139 trial (Netherlands Trial Registry ID: NTR6043) and the HOVON141 trial (Netherlands
Trial Registry ID: NTR6249). Healthy control (HC) PB and LN samples were collected from patients
undergoing renal transplantation, as described previously*’. During sample collection, HCs had
received no immunosuppressive medication other than 1 administration of anti-CD25 monoclonal
antibody. For an overview of donor charactersitics see Table 1. The studies were approved by the
medical ethics committee at the Amsterdam UMC. Written informed consent from all subjects

was obtained in accordance with the Declaration of Helsinki.

Study design

Previously untreated CLL patients were enrolled in the HOVON139 GIVE trial (NTR6043)*°. The
treatment regimen consisted of preinduction with obinutuzumab (3000 mg in cycle 1 and 1000
mg in cycle 2), induction with combined venetoclax (ramp up to 400 mg) and obinutuzumab (1000

mg; cycles 3-8), and venetoclax monotherapy (400 mg; cycles 9-14 or longer).

PB mononuclear cells (PBMCs) were collected before the start of the trial, as well as after cycle 2
and after cycle 14 (or ~1 year) of treatment, and were used directly or cryopreserved as described

earlier®®. Core LN biopsies were collected at baseline and used directly.
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CHAPTER 5

Patients with relapsed or refractory CLL were enrolled in the HOVON141 Vision trial (NTR6249).
The treatment regimen consisted of ibrutinib monotherapy (420 mg days 1-28; cycle 1 and 2),
followed by combined venetoclax (ramp up to 400 mg) and ibrutinib (420 mg; cycles 3-15).

PBMCs were collected before the start of the trial, as well as after cycle 2 and after cycle 14 (or ~1
year) of treatment, and cryopreserved. The second time point was chosen to match the number

of venetoclax cycles received in the HOVON139 trial.

Cells were incubated with monoclonal antibodies for surface staining for 20 minutes at 4°C.
Monoclonal antibodies used are listed in Supplementary Table 1 (online version). Cells were then
washed, fixed, and stained intracellularly for 30 minutes at 4°C using a Foxp3/Transcription Factor
Staining Buffer Set (Thermo Fisher Scientific, Waltham, MA). Reference values are derived from

the Netherlands Society for Clinical Chemistry and Laboratory Medicine

Lymphocyte activation

Cells were stimulated with phorbol myristate acetate (PMA; 10 ng/mL) and ionomycin (1 ug/
mL) for 4 hours in the presence of Brefeldin A (10 pg/mL; all from Sigma-Aldrich, St. Louis, MO),
GolgiStop (BD Biosciences, Franklin Lakes, NJ), and CD107a FITC (Thermo Fisher Scientific). Cells
were washed, and surface staining was performed as described above. Fixation and intracellular
staining were performed using a BD Cytofix/Cytoperm Fixation/Permeabilization Solution kit (BD

Biosciences).

Flow cytometry
Samples were measured on a BD FACSCanto Il or a BD LSRFortessa cytometer (both from BD

Biosciences). Samples were analyzed with FlowJo v10.

Statistical analyses
Data were checked for normality with the D’Agostino-Pearson normality test and analyzed using
a Wilcoxon matched-pairs signed-rank test, 1-way analysis of variance (ANOVA), or Pearson

correlation analysis. Statistical analyses were performed with GraphPad Prism v7.

RESULTS

Fewer cytotoxic T and NK cells in the LN than in the PB
We compared lymphocyte composition between the LN and PB from previously untreated CLL

patients and from HCs (gating strategy is shown in Supplementary Figure 1).

The percentage of CLL cells was lower in the LN than in the PB (92.3% of lymphocytes in PB vs
82.8% in LN), because relative T-cell numbers were increased in the LN of CLL patients (5.1% in
PBvs 13.2% in LN; Figure 1A-B). On the other hand, T cells were less frequent in the LN than in
the PB (52.7% vs 75.12%, respectively) in HCs.
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In CLL patients and HCs, the T-cell population in the LN is dominated by CD4* T cells at the expense
CD8* T cells (Figure 1C). In addition to (af) CD8* T cells, V&1 and V62 T cells are the most common
T-cell populations with anti-tumor properties®. In contrast to aff T cells, both V61 and V&2 T cell

frequencies were more than fourfold lower in the LN than in the PB in CLL patients (Figure 1D-E).

The proportion of NK cells in the LN was significantly lower compared with the PBin CLL patients
and HCs (Figure 1F). Within the NK cell compartment, CD56™ cells with a cytotoxic potential
are distinguished from CD56"7" cells that have a higher proliferative and cytokine-producing
capacity®°. In patients with CLL and HCs, the majority (>90%) of PB NK cells were CD569™ NK cells
(Supplementary Figure 2A-C). CD56°"€" NK cells made up a minority of the NK cells in the PB but
a considerable fraction (¥83%) of the LN NK cells, although this was less pronounced (~¥56%) in

CLL patients than in HCs.

Thus, within the LN, CLL cells are accompanied primarily by CD4* T cells and relatively few

(cytotoxic) T and NK cells.
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Figure 1. Few cytotoxic lymphocytes in the LN of CLL patients. Lymphocyte analysis in PB and LN samples
from untreated CLL patients (PB, n = 42; LN, n = 28) and HCs (PB, n = 10; LN, n = 5) by flow cytometry. Per-
centage of CLL (CD5*CD19") cells (A) and T (CD3*) cells (B) within lymphocytes. (C) Ratio of CD4*/CD8* T cells.
Percentage of V61" cells (D) and V62" cells (E) within T cells. (F) Percentage of NK (CD56°" and CD16*) cells
within lymphocytes (CLL PB, n = 21; CLL LN, n =5). Data are presented as mean (bar) and individual patients
(circles and triangles). *P < .05, **P < .01, ***P < .001, ****P <. 0001, Wilcoxon matched-pairs signed-rank
test (A), 1-way ANOVA followed by Sidak’s multiple-comparisons test (B-F).
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Immunosuppressive T-cell composition in CLL LN

Next, we investigated the subset distribution of T cells in the LN. CD4* T cells can differentiate into
follicular T helper (T, ) cells that provide support to healthy B cells, and are similarly instrumental
for CLL cell support™. LNs of CLL patients and HCs contained 3 times more T, cells compared
with the PB (Figure 2A). We could not replicate previous reports of elevated T, cell numbers in

the PB of CLL patients with advanced disease**“3,

CLL cells have been reported to promote Tes differentiation®%12, T e Were more frequentin the LN
than in the PB of CLL patients (6.8% of CD4* T cells in PB vs 11.5% in LN), whereas in HCs, T g Were

more prevalentin PB than in the LN (5.9% in PB vs 1.8% in LN; Figure 2B). The percentage ofTregs in
the LN correlated positively with the absolute leukocyte count in the PB of CLL patients (Figure 2C).

CD4* and CD8&* T cells can be subdivided into naive T cells, central memory T cells, effector memory
T cells, and RA-expressing effector memory T cells based on CD27 and CD45RA expression**.
Although the differentiation status of CD4* T cells did not differ between LN and PB in CLL patients
and HCs, the CD8* compartment in CLL patients consisted of a larger proportion of central memory
T cells in the LN in comparison with the PB (37.2% of CD8* T cells in PB vs 60% in LN; Supplementary
Figure 2D-E). RA-expressing effector memory T cells were less prevalent in the LN than in the PB
in CLL patients (fivefold difference) and HCs (threefold difference; Supplementary Figure 2F-G).
An important mechanism for negatively regulating the function of CLL CD8* T cells is through
inhibitory molecules, such as PD-1%. Significantly more CD8* T cells expressed PD-1 in the LN
(30.4%) than in the PB (12.4%) of CLL patients (Figure 2D).

In conclusion, the CLL LN shows increased frequencies of tumor-supportive T, cells and

T _compared with the PB. Furthermore, there is a lower frequency of effector CD8" T cells and

regs

a higher PD-1 expression on remaining CD8* T cells in the CLL LN.
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Figure 2. CLL cells reside in an immunosuppressive context in the LN. Lymphocyte analysis in PB and LN
samples from untreated CLL patients (PB, n =42; LN, n = 28) and HCs (PB, n = 10; LN, n = 5) by flow cytom-
etry. Percentage of T, (CXCR5'PD-1") cells (A) and Tees (CD25*FoxP3*) (B) within CD4* T cells. (C) Correlation
between the percentage of L of CD4* T cells in the CLL LN and the absolute leukocyte count (ALC). (D)
Percentage of PD-1* cells within CD8* T cells. ***P < .001, ****P < .0001, 1-way ANOVA followed by Sidak’s
multiple-comparisons test (A-B,D), Pearson correlation analysis (C).
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Reduced numbers of nonmalignant lymphocyte subsets after venetoclax and
obinutuzumab treatment

To determine the effects of venetoclax treatment on nonmalignant lymphocytes, we studied
paired PB samples obtained at baseline, after 2 months of preinduction with obinutuzumab, and

at 1 year of treatment with venetoclax-obinutuzumab.

CLL cells were largely eliminated after 1 year of treatment (mean percentage within lymphocytes
decreased from 93.0% + 4.5% to 0.1% + 0.2%; Supplementary Figure 3A). The frequency of CLL
cells presented is not derived from the simultaneously performed flow cytometry-based MRD
analysis and likely overestimates the amount of CLL cells present as a result of less stringent
criteria. MRD analysis during the trial demonstrated that, at this time point, 10 of these 11 patients
had undetectable MRD (<10E™*), and the remaining patient was MRD intermediate-positive
(>10E* and <10E7), in line with our published interim analysis (MRD-intermediate-positive, 7.1%;
MRD undetectable, 92.9%; n = 28)%*.

We evaluated the absolute numbers of normal B, T, and NK cells after venetoclax-obinutuzumab
treatment. The relative and absolute numbers of healthy B cells decreased after preinduction
with obinutuzumab (Figure 3A; Supplementary Figure 3A). Absolute T-cell numbers were elevated
in the majority of patients at baseline and after 2 months of treatment (mean T-cell number
at baseline, 3.4 x 10°/L + 2.6 x 10°/L; reference values, 0.7 x 10°/L to 2.1 x 10%/L). After 1 year
of venetoclax-based treatment, the absolute number of CD4* T cells (0.5 x 10°/L + 0.2 x 10%/L;
reference values, 0.3 x 10°/L to 1.4 x 10°/L) and CD8* T cells (0.2 x 10°/L + 0.1 x 10°/L; reference
values, 0.2 x 10°/L to 0.9 x 10°/L) decreased (Figure 3B). The CD4/CD8 ratio and differentiation
status of T cells did not change during therapy, indicating that T-cell reduction occurred across
all subsets in CD4* and CD8* T cells (Supplementary Figure 3B-D), as well as that not all immune
disturbances in CLL, like skewing of T-cell subsets, are restored after 1 year of venetoclax-based
therapy. Unlike a T cells, the absolute number of V61 and V&2 T cells remained stable during
treatment (Supplementary Figure 3E-H).

The relative number of NK cells increased (from 0.7% to 8.0%; Supplementary Figure 3A), but the
absolute number of NK cells decreased, during treatment (from 0.5 x 10°/L + 0.3 x 10°/L to 0.07
x 10°/L + 0.07 x 10°/L; reference values, 0.09 x 10°/L to 0.6 x 10°/L; Figure 3C). The CD56""&"/
CD564™ ratio increased after preinduction with obinutuzumab, perhaps as a result of the loss of
CD56™ cells via activation-induced cell death, which is associated with obinutuzumab treatment
(Figure 3D; Supplementary Figure 31)*. After 1 year of venetoclax-based treatment, the CD56°"&"/

CD564™ ratio recovered to the same range as baseline.

Taken together, combined treatment with venetoclax and obinutuzumab led to depletion of CLL

cells and to a greater than threefold reductions in healthy B cells, T cells, and NK cells.
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Figure 3. Depletion of nonmalignant lymphocytes during venetoclax-obinutuzumab treatment. Lympho-
cyte analysis in PB of patients at baseline (n = 36), after preinduction with obinutuzumab (n = 5), and after
1 year of treatment with venetoclax-obinutuzumab (n = 11) by flow cytometry. Absolute number of B cells
(A) and CD4* and CD8* T cells (B) in PB. (C) Absolute number of NK (CD56°&" and CD16*) cells in PB (baseline,
n =20). (D) Ratio of CD561€" (CD56"8"CD167)/CD569™ (CD569™CD16") cells (baseline, n = 6). Horizontal lines
indicate reference values. *P < .05, **P < .01, 1-way ANOVA followed by Sidak’s multiple-comparisons test.

Tumor-supportive T-cell subsets decline during venetoclax-obinutuzumab
treatment

We next investigated the phenotypical and functional differences of nonmalignant lymphocytes
after venetoclax-obinutuzumab treatment. The frequencies of T, cells, Tregs, and PD-1* CD8* T
cells significantly decreased approximately sevenfold after venetoclax-based therapy, which is
indicative of a reversal in the CLL immune signature (Figure 4A-C). None of these changes were
apparent after obinutuzumab preinduction. Lymphocyte function before and after venetoclax-
obinutuzumab was investigated by measuring immunoglobulin G (IgG) levels in plasma and by

stimulating PBMCs with PMA/ionomycin.

Plasma IgG levels were low at baseline and did not increase after 1 year of treatment, in line with
the low numbers of healthy B cells (mean IgG concentration after treatment, 5.8 g/L; reference
values, 6-16 g/L; Figure 4D). Changes in T,1 cell cytokine production were ambiguous, because
CD4* T cells produced significantly less IFN-y, but IL-2 production increased, after PMA/ionomycin
stimulation (Figure 4E). CD4* T cells produced only low levels of the T 2 cell cytokine IL-4, which
did not change after therapy (Figure 4E). CD8* T cells from untreated CLL patients show increased
production of effector-type cytokines®. Venetoclax-obinutuzumab treatment resulted in a
significantly decreased production of IFN-y and a trend toward lower tumor necrosis factor-a
production by CD8* T cells (Figure 4F). In contrast to CD8* T cells, NK cell cytokine production and
degranulation are impaired in untreated CLL patients*®. Following venetoclax-obinutuzumab
treatment, degranulation, as well as IFN-y production, of NK cells improved significantly (Figure
4G).

Together, these data demonstrate a decrease in immunosuppressive T-cell subsets, as well as
restoration of T-cell and NK cell function, but not IgG production, after venetoclax-obinutuzumab

treatment.

110



VENETOCLAX RESHAPES IMMUNE FOOTPRINT OF CLL

A B D E
Tp cells Treg cells PD-1+ I9G levels CD4+ T cell activation
30 . 30 50 . 20 754 = =
% B &Y s %
Q20 0 20 a Y 50
o O O 30 < =
s s s o 10 1 . b
10 R 10 x 20 E_ E 25 -
10 51 4 S
. —3 = 9}
0 — 0 — 0 0 T T 0 -
& o & & o N \Q o N Pre 1yr o
€ N TS N € N y «Y\A
F G
CD8* T cell activation NK cell activation
100 -
- 3 3 o
@ 80 ] o E
- 60 J| x - Pre
& =z
8 ‘ \ 5 -~ 2mo
% 40 H 4 2 - lyr
<2 ol
'\'; : cf ’)X o A 0%
(9\0 & ,é‘ A\ (9\0 & &

Figure 4. Tumor-submissive T-cell subsets decrease during venetoclax-obinutuzumab treatment. Lympho-
cyte analysis in PB of patients at baseline (n = 11), after preinduction with obinutuzumab (n = 5), and after 1
year of treatment with venetoclax-obinutuzumab (n = 11) by flow cytometry. Percentage of T, (CXCR5'PD-1")
cells (A) and L (CD25*FoxP3*) (B) within CD4* T cells. (C) Percentage of PD-1* cells within CD8* T cells. (D) IgG
levels in plasma at baseline and after 1 year of venetoclax-obinutuzumab treatment. (E) Cytokine production
by CD4* T cells after stimulation of PBMCs with PMA/ionomycin for 4 hours. Cytokine production and CD107a
expression by CD8* T cells (F) and NK cells (G) after stimulation of PBMCs with PMA/ionomycin for 4 hours.
*P<.05, **P < .01, ***P <.001, 1-way ANOVA followed by Sidak’s multiple-comparisons test.

Reduction in nonmalignant lymphocytes when venetoclax is combined with
ibrutinib

Current clinical studies investigate the combination of venetoclax with anti-CD20 antibodies,
as well as with the BTK inhibitor ibrutinib®®. We studied nonmalignant lymphocyte populations
in paired samples from patients at baseline, after ibrutinib preinduction, and after ~1 year of
venetoclax-ibrutinib treatment. Of note, all samples were obtained from patients who had

received prior (chemotherapy-based) treatment.

Although the CLL load decreased significantly after venetoclax-ibrutinib treatment, CLL cells were
still present in the PBMC fraction of most patients (mean percentage of lymphocytes, 95.2 £ 2.4
vs 8.2 +12.9; Supplementary Figure 5A), and 45% of patients remained MRD positive at this time
point in the trial cohort.

Low healthy B-cell numbers persist during ibrutinib monotherapy, especially in patients with
relapsed or refractory disease®. Also in our cohort, the percentage and absolute numbers of
healthy B cells were low at baseline and decreased after 1 year of venetoclax-ibrutinib treatment
(from 8.8 x 107/L + 6.2 x 107/L to 0.1 x 10%/L + 0.03 x 10°/L; Figure 5A; Supplementary Figure 5A).
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The majority (~80%) of remaining lymphocytes in the PB following venetoclax-ibrutinib treatment
were T cells and NK cells (Supplementary Figure 5A). The baseline T-cell count in these previously
treated patients was above the reference range in 5 of 10 patients (2.5 x 10°/L + 1.3 x 10°/L). The
absolute numbers of CD4*and CD8"* T cells decreased significantly (approximately twofold) during
venetoclax-ibrutinib treatment, but they stayed within reference values in most patients (Figure
5B). The decline was equal across T-cell subsets, because the CD4/CD8 ratio and the differentiation
status of T cells did not change after treatment (Supplementary Figure 5B-D). Only V&2 T-cell
numbers remained stable after venetoclax-ibrutinib treatment (Supplementary Figure 5E-H). The

decrease in T-cell numbers was not observed after ibrutinib preinduction.
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Figure 5. Depletion of nonmalignant lymphocytes when venetoclax is combined with ibrutinib. Lympho-
cyte analysis in PB of patients at baseline, after preinduction with ibrutinib, and after 1 year of treatment with
venetoclax-ibrutinib (n = 10) by flow cytometry. Absolute number of B cells (A) and CD4* and CD8* T cells (B)
in PB. (C) Absolute number of NK (CD56"€" and CD16*) cells in PB. (D) Ratio of CD56°&" (CD56°€"CD167) cells
vs CD569™ (CD564™CD16%) cells. Horizontal lines indicate reference values. *P < .05, **P < .01, 1-way ANOVA
followed by Sidak’s multiple-comparisons test.

Similar to the T-cell compartment, the absolute number of NK cells was reduced upon 1 year of
venetoclax-ibrutinib treatment (from 37.6 x 107/L + 25.7 x 10°/Lto 15.7 x 107/L + 10.1 x 107/L; Figure
5C). The CD56&"/CD56™ ratio decreased almost 10-fold, indicating that CD56°&" cells were

more susceptible to treatment-induced cellular loss (Figure 5D; Supplementary Figure 5I-J). Other
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than in 1 patient, the CD56&"/CD56%™ ratio remained stable after preinduction with ibrutinib,
indicating that the treatment-induced cell loss was caused by prolonged venetoclax-ibrutinib

therapy.

In conclusion, the loss of healthy B, T, and NK cells is observed when venetoclax is used in

combination with obinutuzumab or with ibrutinib.

Fewer T_cells, Tregs, and PD-1* CD8* T cells after treatment with venetoclax and
ibrutinib

The frequencies of T, cells, e and PD-1* CD8&* T cells were reduced significantly after venetoclax-
ibrutinib treatment, similar to our observations in the venetoclax-obinutuzumab cohort
(Figure 6A-C). The frequency of T s and PD-1" CD8" T cells trended downward during ibrutinib
preinduction, but T_ cell numbers were significantly affected by ibrutinib monotherapy, in line

with recent reports on the effects of ibrutinib on T, cells***.

In accordance with low healthy B-cell numbers, plasma IgG levels did not increase after 1
year of venetoclax-ibrutinib treatment (Figure 6D). Treatment with venetoclax-ibrutinib led to
significantly reduced IL-4 production by CD4* T cells, in line with previous reports on abrogated
T,2 cell responses after ibrutinib in vitro (Figure 6E)*. We did not observe any clear changes
in the cytokine-production profiles of CD8* T cells or V62 T cells after treatment (Figure 6F;
Supplementary Figure 6). The functionality of NK cells did not improve after venetoclax-ibrutinib

treatment (Figure 6G).

In summary, a reduction in several immunosuppressive features of CLL is also seen in a patient

cohort treated with venetoclax in combination with ibrutinib.
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Figure 6. Fewer T e and PD-1*CD8'T cells after treatment with venetoclax-ibrutinib. Lymphocyte analysis
in PB of patients at baseline, after preinduction with ibrutinib, and after 1 year of treatment with veneto-
clax-ibrutinib (n = 10) by flow cytometry. Percentage of T, (CXCR5'PD-1*) cells (A) and T s (CD25*FoxP3") (B)
within CD4* T cells. (C) Percentage of PD-1* cells within CD8* T cells. (D) IgG levels in plasma at baseline and
after 1 year of venetoclax-ibrutinib. (E) Cytokine production by CD4* T cells after stimulation of PBMCs with
PMA/ionomycin for 4 hours. Cytokine production and CD107a expression by CD8* T cells (F) and NK cells (G)
after stimulation of PBMCs with PMA/ionomycin for 4 hours. *P < .05, **P < .01, 1-way ANOVA followed by
Sidak’s multiple-comparisons test.

DISCUSSION

The interplay of malignant cells with the immune system has a pivotal role in the pathobiology
of CLL; it profoundly modifies nonmalignant lymphocyte subsets, resulting in suppressed tumor
surveillance and a higher risk for infections and secondary malignancies. In this paired analysis,
we demonstrate that nonleukemic lymphocyte alterations are even more pronounced in the LN
compared with the PB of CLL patients. Venetoclax has emerged as a powerful therapeutic agent
in the CLL treatment landscape, and our study shows that the immune system is reshaped during

venetoclax-containing regimens, leading to a reduction in the immunosuppressive footprint of CLL.

Ex vivo studies have identified the essential role of the LN microenvironment in the induction of
proliferation and suppression of apoptosis in CLL cells. Within the LN, CLL cells obtain a distinctly
activated gene signature in comparison with the PB°°2, Presumably, T cells are an important
source of the stimuli that CLL cells receive within the LN. CD4* T cells secrete cytokines and express
costimulatory molecules that support CLL cells*?, and T, cells provide a source for CD40L and
IL-21 that, together, induce CLL proliferation’. We observed that CD4* T cells are abundant in the
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LN of CLL patients and that T, cells make up a large proportion of the CD4* T cells surrounding
the CLL cells in the LN.

In addition to strengthening the concept that the LN provides a CLL stimulatory environment,
our data indicate it to be a protective niche from immunosurveillance. The numbers of NK and
CD8* T cells are relatively low, as well as V61 and V&2 T-cell numbers, both of which have cytotoxic
properties against CLL cells®***. Moreover, high PD-1 expression on CD8* T cells fits with an
immunosuppressed profile in the LN. The increased numbers of Tss in the LN that we and other
investigators describe likely suppress cellular immune responses within the LN*, Therefore, the
disappointing efficacy of cellular-based therapies may improve when such treatment modalities
are combined with agents that displace CLL cells from the LN, as is seen in early clinical studies

with ibrutinib and chimeric antigen receptor T cells®®.

The numbers of nonmalignant lymphocytes decreased during venetoclax-based treatment,
although they generally remained within the normal range. Direct and indirect effects of
venetoclax treatment may explain the decrease in nonmalignant lymphocytes, although caution is
required when determining the effect of venetoclax itself because of the combination treatments
administered in both cohorts. Within the venetoclax-obinutuzumab cohort, the depletion of
B cells and NK cells may attributed, at least in part, to obinutuzumab, and we indeed observe
depletion of B cells and NK cells after preinduction with obinutuzumab. Normally, NK cell counts
have largely recovered 3 months after obinutuzumab monotherapy, suggesting an additional
role for venetoclax®. Because a similar pattern is seen in the ibrutinib-venetoclax cohort, there
is a possibility that venetoclax affects healthy lymphocyte counts. During ibrutinib monotherapy,
elevated and reduced T-cell numbers have been described?*?”’, whereas we have not seen
alterations in NK cell numbers in previous analyses in a mixed cohort (I.d.W. and A.P.K., unpublished
data). In both cohorts, preinduction with obinutuzumab or ibrutinib had no significant effect on

T-cell counts, indicating that venetoclax has the largest effect on T-cell numbers.

The fact that lymphocyte counts decline across all subtypes in both cohorts might indicate that
healthy lymphocyte survival depends on Bcl-2 to a greater extent than previously assumed.

Whereas CD4" T-cell numbers decreased across all subsets, this was particularly true for L

High levels of Noxa make T___more prone to apoptosis, which in CLLT __is counterbalanced by

regs regs

elevated Bcl-2 levels, perhaps contributing to their venetoclax sensitivity®s.

The depletion of CLL cells by venetoclax-containing regimens can also diminish the
microenvironmental stimuli that recruit and support T cells and NK cells. Although there is no
definitive proof for CLL-specific T-cell clones, the consistent elevation of T-cell numbers and
skewed T-cell receptor repertoire suggest their existence, and such clones may disappear when
no longer receiving CLL-derived antigenic stimulation>*°. Considering the active recruitment of a
supportive immune environment by CLL, the loss of CLL cells could directly and indirectly deprive

T cells and NK cells of cytokines and costimulation.
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Similarly, the elimination of CLL cells may contribute to the decline of the tumor-submissive T-cell
state. The decrease in exhaustion markers and Tee numbers is also seen following treatment
with ibrutinib, supporting the hypothesis that this is CLL dependent rather than treatment drug

dependent®?’,

Fludarabine has profound detrimental effects on T-cell numbers, and immune recovery of T
cells takes >6 months, leading to an extended period of increased infection risk?>?!. Now that
discontinuation of venetoclax-based treatments upon reaching deep remissions appears to be
feasible?=!, it is of clinical relevance to assess whether lymphocyte counts recover after cessation,
especially if the decrease in nonmalignant lymphocytes is a direct effect of venetoclax. Despite
the commonly observed neutropenia, venetoclax treatment is not associated with an increased
infection risk so far®®, which may be explained by our data that venetoclax treatment does not

lead to reduced functionality of T cells and NK cells.

Cellular-based immunotherapy has disappointing responses in CLL, which may be related to
the acquired T-cell dysfunction® %4, The disruption of the immunosuppressive state and the
improved lymphocyte functionality that we observe after venetoclax-based therapy may improve
the efficacy of cellular-based therapies for CLL. Future studies should investigate the effect of
venetoclax combination treatment on nonmalignant lymphocytes in relation to sequential or

combinatorial cellular-based therapy.

Taken together, our data show that changes in nonleukemic lymphocytes are more pronounced
in the LN of CLL patients compared with in the PB. In addition to effectively depleting CLL cells,
venetoclax-based therapy is accompanied by extensive changes in the immune system. Treatment
regimens with venetoclax in combination with obinutuzumab or ibrutinib result in reduced
numbers of healthy lymphocytes, but the immunological footprint and suppressive features of

the CLL immune system decline during venetoclax-based treatment.
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Supplementary Figure 1. Gating strategy of immune cell subsets. Gating strategy used for the
analysis of immune cell composition. Top row, from left to right: gating of lymphocytes, single cells,
CD3* T cells, CD4* and CD8* T cells, and V61 and V&2 T cells. Middle row, from left to right: gating
of CXCR5'PD-1* T cells within CD4* T cells, CD25*FoxP3* Tregswithin CD4* T cells, differentiation
of CD8* T cells, and PD-1* CD8* T cells. Bottom row, from left to right: gating of CD3" lymphocytes,
CD19*CD5* CLL cells and CD19*CD5" healthy B cells within CD3- gate, and CD56*CD16* NK cells
within the CD3" gate.
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Supplementary Figure 2. CLL cells evade cytotoxic NK cells in the lymph node. Lymphocyte analysis in
PB and LN samples from untreated CLL patients (PB: n=42, LN: n=28) and HCs (PB: n=10, LN: n=5) by flow
cytometry. (A) Ratio of CD56¢" (CD56°%"CD16°) versus CD56¢™ (CD564mCD16*), (B) percentage of CD564™
(CD56¢mCD16%) and (C) percentage of CD56€" (CD56°E"CD16°) cells within lymphocytes. Differentiation of
(D) CD4* T cells from CLL patients (PB: n=21, LN: n=5), (E) CD8* T cells from CLL patients (PB: n=21, LN: n=5),
(F) CD4* T cells from HCs (PB: n=10, LN: n=5) and (G) CD8* T cells from HCs (PB: n=10, LN: n=5) based on CD27
and CD45RA expression. Naive: CD27*CD45RA*, CM: CD27°CD45RA", EM: CD27 CD45RA", EMRA: CD27 CD45RA*
(n=5). Data are presented as mean (bar) and individual patients (dots). *P <0.05; **P <0.01; ***P <0.001,
****¥p<(0.0001 (A-C: one-way ANOVA followed by Sidak’s multiple comparisons test, D-G: one-way ANOVA
followed by Holm-Sidak’s multiple comparisons test).
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Supplementary Figure 3. Depletion of T and NK cells during venetoclax and obinutuzumab treatment.
Lymphocyte analysis in PB of patients at baseline (n=11), after pre-induction with obinutuzumab (n=5), and
after 1 year of treatment with venetoclax-obinutuzumab (n=11) by flow cytometry. (A) Percentage of CLL
(CD5*CD19*), B (CD5°CD19*), T (CD3*) and NK (CD56"8" or CD16*) cells within lymphocytes. (B) Ratio of CD4*
versus CD8* T cells. Differentiation of (C) CD4* and (D) CD8* T cells based on CD27 and CD45RA expression.
Naive: CD27*CD45RA*, CM: CD27*CD45RA", EM: CD27 CD45RA", EMRA: CD27 CD45RA". Frequency of (E) V&1*
and (F) V62* cells. Differentiation of (G) V61- and (H) V62-T cells based on CD27 and CD45RA expression as in
(C) and (D). Percentage of (I) CD569™(CD56“™CD16*) and CD56"&" (CD56°€"CD16°) cells within lymphocytes.
*P <0.05, ****P<0.0001 (one-way ANOVA followed by Holm-Sidak’s multiple comparisons test).
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Supplementary Figure 4. V82-T cell function during venetoclax-obinutuzumab treatment. (A) Gating strat-
egy of cytokine production by immune cells after PMA/lonomycin stimulation. Top row, from left to right:
gating of lymphocytes, single cells, live cells, and CD3* T cells. Middle row, from left to right: gating of CD4*
and CD8* T cells, V62 T cells, and CD56*CD3" NK cells. Bottom row, from left to right: gating of IFNy, IL-2, IL-4,
TNFa and CD107a positive events. (B) Lymphocyte analysis in PB of patients at baseline and after 1 year of
treatment with venetoclax-obinutuzumab by flow cytometry (n=11). Cytokine production by V62-T cells after
stimulation of PBMCs with PMA/ionomycin for 4 hours. *P <0.05 (paired t-test).
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Supplementary Figure 5. Depletion of T and NK cells when venetoclax is combined with ibrutinib. Lym-
phocyte analysis in PB of patients at baseline and after 1 year of treatment with venetoclax-ibrutinib by flow
cytometry (n=10). (A) Percentage of CLL (CD5*CD19*), B (CD5°CD19*), T (CD3*) and NK (CD56 " or CD16*)
cells within lymphocytes. (B) Ratio of CD4* versus CD8" T cells. Differentiation of (C) CD4* and (D) CD&* T cells
based on CD27 and CD45RA expression. Naive: CD27*CD45RAY, CM: CD27*CD45RA", EM: CD27- CD45RA, EMRA:
CD27 CD45RA". Frequency of (E) V&1* and (F) V62 cells. Differentiation of (G) V&1- and (H) V62-T cells based
on CD27 and CD45RA expression as in (C) and (D). Percentage of (I) CD56%™ (CD569™CD16") and (J) CD56°"e"
(CD56°%"CD167) cells within lymphocytes. *P <0.05; **P <0.01, ****P<0.0001 (one-way ANOVA followed by
Sidak’s multiple comparisons test).
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Supplementary Figure 6. V82-T cell function during venetoclax-ibrutinib treatment. Lymphocyte analy-
sis in PB of patients at baseline and after 1 year of treatment with venetoclax-ibrutinib by flow cytometry
(n=10). Cytokine production by V82-T cells after stimulation of PBMCs with PMA/ionomycin for 4 hours. *P
<0.05 (paired t-test).
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Supplemental Table 1. List of monoclonal antibodies used in this study.

HOVON139 HC Activation Antibodies Fluorochrome Clone Company Catalogue
HOVON141 number

X CD3 PerCPCy5.5 SK7 B.D . 332771
Biosciences
BD

X CD3 APC SK7 o 345767
Biosciences

X CD4 Pacific Blue RPA-T4 Biolegend 300524

X CD5 PerCPCy5.5 L17F12 B,D . 341109
Biosciences
BD

X Ccb8 APC-H7 SK1 - 560273
Biosciences
BD

X CD8 PE RPA-T8 o 561949
Biosciences
BD

X CD14 APC MfP9 - 345787
Biosciences

X CD15 eFluor4s0 MMA eBioscience jf-mss-
BD

X CD16 APC B73.1 Lo 561304
Biosciences
BD

X CD19 FITC HIB19 o 555412
Biosciences

X cD19 PECY7 J3-119 Beckman |\ 13628
Coulter
BD

X CD20 APC-H7 L27 . 641414
Biosciences

X BD

X CD25 PE 2A3 . 341011
Biosciences
BD

X CD27 APC L128 S 337169
Biosciences
BD

X CD33 PE P67,6 . 345799
Biosciences
BD

X CD45 v500-c 2D1 o 655873
Biosciences
BD

X CD45RA PE-Cy7 L48 S 337186
Biosciences

X CD56 PE C5.9 Cytognos CYT-56PE

X CD57 FITC HNK-1 BP ) 333169
Biosciences
BD

X CD154 PE 89-76 S 340477
Biosciences

X CD185 APC 51505 R&D FAB190A
Systems
BD

X X CD279 PECy7 EH12.1 S 561272
Biosciences
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Supplemental Table 1. Continued

HOVON139 HC Activation Antibodies Fluorochrome Clone Company Catalogue
HOVON141 number
X
X CD184 PECy7 12G5 BioLegend 306513
BD
X HLA-DR PECy7 L243 S 335830
Biosciences
X gD FITC 1A6-2 BP . 555778
Biosciences
CYT-
X lgk PE Polyclonal Cytognos KAPPPE
CYT-
X Ig\ FITC Polyclonal Cytognos LAMBE
BD
X TCRyS PECy7 11F2 S 655410
Biosciences
X VSLTCR  APCVio770  REA-173 Miltenyi  130-100-
Biotec 521
X BD
V62 TCR FITC B6 o 562088
Biosciences
BD
X CD185 BUV395 RF8B2 S 740266
Biosciences
Miltenyi 130-118-
X V&1 TCR FITC REA-173 Biotec 1208
X cD27 PerCPeF710 0323 eBioscience 32’0279’
. . Miltenyi 130-101-
X V&2 TCR VioBright 123R3 Biotec 157
BD
X CD3 V500 UCHT1 o 561416
Biosciences
BD
X CD45RA BV650 HI1100 L 563953
Biosciences
X BD
X CD8 BV786 RPA-T8 o 563823
Biosciences
X CD4 AF594 RPA-T4 Biolegend 300544
X FoxP3 APC PCH101 eBioscience ;;'4776'
X BD
X CD56 BUV395 NCAM16.2 S 563554
Biosciences
BD
X CD5 PerCPeF710 UCHT2 L 300619
Biosciences
X Bcl-2 BV421 100 Biolegend 658709
BD
X CD3 V500 UCHT1 L 561416
Biosciences
X Bel-xL PE 54H6 C?” . 13835S
Signaling
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Supplemental Table 1. Continued

HOVON139 HC Activation Antibodies Fluorochrome Clone Company Catalogue
HOVON141 number
x cD16 ECD 3G8 Beckman 519916

Coulter
X BD
CD19 AF700 HIB19 o 557921
Biosciences
BD
X CD3 BUV496 UCHT1 L 564809
Biosciences
X CD107a FITC eBioH4A3 eBioscience 111;710797
X cD4 PerCPeF710  SK3 eBioscience 35'0047’
BD
X IFN-y BV421 B27 S 562988
Biosciences
X V62 TCR BV711 B6 Biolegend 331411
X IL-17 PE eBio64DEC17 eBioscience 111;771797
X [L-2 PE/Dazzle 594 JES6-5H4 Biolegend 500343
X NKG2D PECy7 1011 Sony 2204060
X IL-4 AF647 8D4-8 Biolegend 500712
X TNF-a AF700 MAB11 BP . 557996
Biosciences
X CD69 APC/Fire 750  FN50 Biolegend 310946
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