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Immune monitoring in mesothelioma patients
identifies novel immune-modulatory functi-
ons of gemcitabine associating with clinical res-
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CLINICAL TRIAL.

Gemcitabine is a frequently used chemotherapeutic agent but its effects
on the immune system are incompletely understood. Recently, the
randomized NVALT19-trial revealed that maintenance gemcitabine
after first-line chemotherapy significantly prolonged progression-free survi-
val (PES) compared to best supportive care (BSC) in malignant mesothelio-
ma. Whether these effects are paralleled by changes in circulating immune
cell subsets is currently unknown. These analyses could offer improved me-
chanistic insights into the effects of gemcitabine on the host and guide deve-

lopment of effective combination therapies in mesothelioma.

We stained peripheral blood mononuclear cells (PBMCs) and myeloid-deri-

ved suppressor cells (MDSCs) at baseline and 3 weeks following start of gem-
citabine or BSC treatment in a subgroup of mesothelioma patients included
in the NVALT19-trial. In total, 24 paired samples including both MDSCs and
PBMCs were included. We performed multicolour flow-cytometry to assess
co-inhibitory and-stimulatory receptor- and cytokine expression and mat-
ched these parameters with PFS and OS




Gemcitabine treatment was significantly associated with an increased NK-cell-
and decreased T-regulatory cell proliferation whereas the opposite occurred
in control patients. Furthermore, myeloid-derived suppressor cells (MDSCs)
frequencies were lower in gemcitabine-treated patients and this correlated
with increased T-cell proliferation following treatment. Whereas gemcitabine
variably altered co-inhibitory receptor expression, co-stimulatory molecules
including ICOS, CD28 and HLA-DR were uniformly increased across CD4+
T-helper, CD8+ T- and NK-cells. Although preliminary in nature, the increase
in NK-cell proliferation and PD-1 expression in T cells following gemcitabine
treatment was associated with improved PFS and OS.

Gemcitabine treatment was associated with widespread effects on circulating
immune cells of mesothelioma patients with responding patients displaying
increased NK-cell and PD-1 + T-cell proliferation. These exploratory data
provide a platform for future on treatment-biomarker development and novel
combination treatment strategies.

Malignant mesothelioma, Lymphocytes, Myeloid-derived suppressor cells,
Gemcitabine, Immunotherapy



INTRODUCTION

Advances in the field of mesothelioma treatment have been limited with recent trials in-
volving anti-PD-1 or anti-CTLA-4 monotherapy yielding no significant improvements in cli-
nical outcomes ““. Therefore, the mainstay of treatment for mesothelioma remains plati-
num-pemetrexed doublet chemotherapy with a median overall survival ranging from 13 to
16 months with a persisting demand for novel effective treatments °. Recently, we reported
results from the NVALT19-study, a randomized phase Il open-label trial investigating the be-
nefit of maintenance gemcitabine in mesothelioma patients who did not progress following
first-line chemotherapy . Gemcitabine significantly improved progression-free survival (PFS)
compared to best-supportive care (BSC)treated mesothelioma patients and was associated
with a manageable toxicity. Overall survival, however, was only improved in a small group of
patients warranting mechanistic analysis of why some benefitted and others did not.

The last decade has witnessed a surge in studies reporting immune-modifying functi-
ons of chemotherapy relying partially, or completely on elicited immune-mediated tumour
destruction °. Chemotherapy-induced immune activation can be successively monitored in
peripheral blood, with clinically responding patients exhibiting marked increases in immu-
ne-effector cell frequencies and phenotype depending on the type of agent investigated * .
Gemcitabine has previously been reported to decrease the frequencies of myeloid-derived
suppressor cells (MDSCs) and T-regulatory (Treg) cells in humans and preclinical tumour mo-
dels ®*°. Furthermore, Albelda and colleagues found that the anti-tumour efficacy of gemcita-
bine was lost in nude mice lacking T cells underscoring their role in dictating tumour outcome
1, The effects of gemcitabine on T- and NKcell phenotype and proliferation in patients are
currently unknown and could yield novel insights into the immunological mechanisms under-
lying the efficacy of gemcitabine.

We hypothesized that gemcitabine could improve antitumor immune responses by po-
sitively modulating cytotoxic T cells, regulatory T cells, and myeloid-derived suppressor cells
and that these immunomodulatory effects could be detected in peripheral blood during tre-
atment. This exploratory study paves the way for further in depth investigations of the me-
chanism of action of gemcitabine and its association with clinical response in mesothelioma,
and potentially in other solid cancer types.

METHODS

Trial design and study population

Blood samples obtained during the NVALT19-study were used to assess the effect of gem-
citabine on PBMCs. The NVALT19-study was a multicenter, investigator-initiated, open-label,
randomized, phase 2 trial, conducted in The Netherlands between 2014 and 2019, investi-
gating the efficacy of switch maintenance gemcitabine in 130 malignant mesothelioma pa-
tients. Patients without progressive disease were included 2142 days after having obtained
46 cycles of firstline platinum-pemetrexed chemotherapy. Gemcitabine was administered at
day one and eight of every 21-day cycle at a dose of 1250 mg/m?2 until disease progression
(according to modified RECIST-criteria in pleural malignant mesothelioma '?), unacceptable
toxicity or death.

The NVALT19 study was conducted in agreement with the Declaration of Helsinki and
according to the ICH Harmonized Tripartite Guideline on Good Clinical Practice. The NVALT19
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study-protocol was approved by the central ethical com-
mittee and local institutional review boards (Reference
number: METC19.0668, e-supplement). All patients provi-
ded written informed consent (Netherlands Trial Registry:
NTR4132/NL3847) for the NVALT19 study and the current
subgroup analyses. Further trial details have been publis-
hed elsewhere “.

The current study is a predefined exploratory analysis
of a subgroup of patients included in the NVALT19 trial (see
supplemental study protocol). Paired baseline and week
three blood samples were collected from 46 malignant
pleural mesothelioma patients of which 27 received gem-
citabine and 19 BSC. For 12 patients, only PBMC data were
available and in 10 patients only MDSCs were measured for
varying reasons including insufficient sample quality and
acquisition of samples beyond the predefined time range.
Both PBMCs and MDSCs were available for 24 cases. A flow-
chart of how samples were selected for analysis is shown in
figure S8. Patient groups had similar characteristics at base-
line (Table S1).

To assess the T- and NK-cell phenotype, we constructed
several comprehensive immune cell flow-cytometry panels
including markers of proliferation, memory differentiation,
co-stimulatory/inhibitory receptors and cytokine produc-
tion capacity (Table S2A). Also, myeloid cell subsets were
investigated focusing on MDSCs with monocyte and dend-
ritic cell (DC-)subsets being characterized in a subgroup of
patients (Table S2B).

Peripheral blood processing

Peripheral blood samples were acquired at day one of
cycle one (before the start of therapy; baseline) and at day
one of cycle two (median 21 days in gemcitabine group
(range: 1942 days), median 22 days in the BSC group (range:
1849 days)). Approximately 20 millilitres of blood were col-
lected in EDTA tubes and transported to the laboratory faci-
lity within 4 h for immediate processing in order to preserve
the MDSC-phenotype. PBMCs were isolated by densitygra-
dient centrifugation using Ficoll-hypaque (GE Healthcare).
A total of 1 £ 106 cells were used for fresh flow cytometry
staining of myeloid-derived suppressor cells (MDSC). The
remaining cells were cryopreserved in 10% dimethylsulfoxi-
de (Sigma-Aldrich), 40% FCS (Gibco) and RPMI (Invitrogen,
Molecular Probes) for later reconstitution and analysis.

Flow cytometry
T- and NK-cell lymphocyte characterization was perfor-

Research in Context

R

Evidence before this study
Gemcitabine is a frequently used

treatment in various types of
cancer. Recently, gemcitabine was
found to provide a progression free
survival benefit as switch-mainte-
nance therapy in patients with ma-
lignant mesothelioma (NVALT19).
Gemcitabine has known direct an-
ti-tumor effects but whether gem-
citabine affects the immune system
and whether this is associated with
treatment efficacy is currently un-
known.

Added value of this study
Gemcitabine treatment in meso-
thelioma patients was associated
with an anti- to pro-inflammato-
ry shift in circulating immune cell
phenotype evidenced by decreased
MDSC-frequencies and regulatory
T-cell proliferation but increased
Tand NK-cell activation. Further
exploratory analyses revealed sever-
al immunological parameters corre-
late with improved clinical outcome
indicating a possible role for the
immune system in dictating gemci-
tabine efficacy.

Implications of all the available
evidence

These pilot data provide a platform
for future development of on-treat-
ment biomarkers that predict im-
proved patient outcome and should
be further validated and explored in
larger patient studies. Our findings
provide early indications of possible
synergy between gemcitabine and
immunotherapy in mesothelioma.



CD8* T-cell proliferation CD4* Th-cell proliferation
15 ns 25 * 15 _m 15 n
20
F 40% 10 10 1
CD8* T-cell% 5 15 5
£ £
R 10 B
CD8* T-cell prolif. 5 5 5
5
L 1 209
CD4* Thecell%. 20% | Increase
P Py [ o [
Gemcitabine BSC Gemcitabine BSC
CD4* Th-cell prolif.
» Baseline
o 43w
CD4* Treg-cell%. L o% CD4'* Treg-cell proliferation NK-cell proliferation
D4 Treg-cell prolif. 60 ool 80 ns 100 * 100 hid
75% / 75
Decrease
NK-cell% post-therapy 60 50 50
o
-20% 5 5 40 40
NK-cell prolif. Bx; 40 :\4: 20
20
Gem BSC 2 20 20
10
Gemcitabine BSC Gemcitabine BSC

Figure 1: Gemcitabine differentially modulates proliferation in circulating lymphocyte subsets. T-cell percentages subtypes
of total (CD45+) leukocytes and proliferation determined by intracellular Ki-67-staining in peripheral blood of mesothe-
lioma patients treated with or without gemcitabine at baseline, and after 3 weeks. A heatmap shows the mean changes
per parameter compared to baseline values in both patient groups. Wilcoxon matched-pairs signed rank tests were
performed to calculate statistical significance. A total of 35 patients were included in the analysis (=22 GEM; n=13 BSC).
Th = T-helper, Treg = regulatory T cell, NK = natural killer, BSC = best supportive care, ns = not significant, * = p<0.05, **
= p<0.01, *** = p<0.001.

med on PBMCs stored in liquid nitrogen following thawing and reconstitution in medium
with FCS and FACS-staining buffer. For cytokine analysis, cells were first stimulated for 4 h in
vitro at 37 °C using phorbol 12myristate 13-acetate (PMA) and ionomycin (Sigma-Aldrich),
supplemented with GolgiStop (BD Biosciences). In both instances, cells were first stained for
membrane markers (Fig. S2) allowing for immunecell subset identification, for 30 min at 4 °C,
followed by fixation and permeabilization using the FoxP3 transcription factor-kit according
to the manufacturer’s instructions (Thermofisher Scientific). Subsequently, intracellular pro-
teins were stained for 60 min at 4 °C after which cells were suspended in staining buffer and
acquired on a LSR Il flow cytometer (BD Biosciences). Flow cytometric analysis were perfor-
med using FlowJo software (v10, Tree Star Inc.).

Statistical analysis

All statistical analyses other than Kaplan-Meier curves (produced in R, statistical signifi-
cance determined using a Log-Rank test and Cox proportional hazard regression analyses to
estimate hazard ratios) were executed using Graphpad Prism software (version 8). For survi-
val analyses within each subgroup, the unadjusted 95% Cls were reported. ** Using the same
software, heatmaps were constructed depicting mean changes in cell parameters, which
were derived from the ratio of individual patient data from day 21 post start of treatment di-
vided by baseline values. Paired non-parametric (Wilcoxon matched-pairs signed rank) tests
were performed in order to calculate statistical significance of changes compared to baseline
values. When continuous variables (e.g. magnitude of increase/decrease in MDSCs during
therapy) were compared, non-parametric Spearman correlations were established yielding
a Spearman Rho and corresponding p-value. In case of a Gaussian distribution of the data, a
Pearson correlation coefficient was computed generating an rsquared (r2)- and p-value indi-
cating statistical significance. Only, in case a paired sample was available, the samples were
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included in the analyses. Sensitivity analyses were performed demonstrating comparable cli-
nical efficacy of gemcitabine in the immunomonitoring compared to the complete NVALT19
cohort (Hazard ratio (HR) of 062, 95% CI 14870137) similar to that observed in the entire
NVALT19 cohort (HR 048; 95% Cl, 033 to 071 Fig. S9).

Role of funding source

The Koningin Wilhelmina Fonds voor de Nederlandse Kankerbestrijding (KWF) had neit-
her a role in the study design, data collection, analyses or data interpretation nor in the wri-
ting of the report. The Nederlandse Vereniging van Artsen voor Longziekten en Tuberculose
(NVALT) Study Group staff had no role in the writing of the report. The corresponding authors

had full access to all the data in the study and had final responsibility for the decision to sub-
mit the publication.

Results

Gemcitabine differentially modulates proliferation of circulating lymphocyte subsets
NK-cell proliferation significantly increased during gemcitabine treatment, whereas un-
treated patients exhibited a decrease in both CD8+ T-cells and natural killer (NK)-cell prolife-
ration through time, (Fig. 1). Additionally, FoxP3+CD4+ T regulatory-cell (Treg) proliferation
was strongly decreased in gemcitabine-treated patients compared to untreated patients. As
FoxP3-expression marks a heterogeneous group of activated and regulatory T-cells, we fu-
rther subdivided FoxP3+ cells based on the markers CD45RA and the magnitude of FoxP3-ex-
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Figure 2: The gemcitabine-associated decrease in MDSCs correlates with increased T-cell proliferation a, changes in per-
centages of myeloid derived suppressor cells (MDSCs) following gemcitabine or best-supportive care (BSC). b, correlati-
ons of CD8+, CD4+ FoxP3 (Th)- and NK-lymphocyte proliferation (Ki67+) dynamics with changes in MDSC-frequencies
in peripheral blood following gemcitabine (GEM) treatment. Wilcoxon matched-pairs signed rank tests were performed
to calculate statistical significance. MDSCs were available for 35 patients (n=21 GEM; n=14 BSC). Spearman correlation

coefficients were calculated and a Rho was generated for 17 gemcitabine-treated patients of whom matched T-cells and
MDSCs were available. NK = natural killer, ns = not significant, ** = p<0.01.
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Figure 3. Gemcitabine-treated patients display an activated lymphocyte phenotype in peripheral blood a, co-stimulatory
(green) and co-inhibitory (red) receptors assessed on lymphocyte surface in peripheral blood. b, heatmaps displaying
mean percentage of change and paired analyses of co-inhibitory receptors C, and co-stimulatory receptor expression
in response to gemcitabine or best-supportive care (BSC). Wilcoxon matched-pairs signed rank tests were performed to
calculate statistical significance. A total of 35 patients were included in the analysis (=22 GEM; n=13 BSC). Th = T-helper,
Treg = regulatory T cell, NK = natural killer, BSC = best supportive care, PD-1 = programmed cell death protein 1, CTLA-4
= cytotoxic T-lymphocyte-associated protein 4, TIM-3 = T-cell immunoglobulin and mucin-domain containing-3, ICOS =
inducible co-stimulatory molecule, HLA-DR = human-leukocyte antigen DR, MFI = mean fluorescent intensity, ns = not
significant, * = p<0.05, ** = p<0.07, *** = p<0.001, **** = p<0.0001.

pression as described by Miyara et al. ' (Fig. S1A). Using this distinction, we found that the
proliferation of activated FoxP3-high Tregs (aTregs), previously described to be highly immu-
ne-suppressive, was decreased following gemcitabine. Similarly, FoxP3-expressing T-helper
(Th) cell-proliferation was diminished following treatment (Fig. S1B). No statistically signifi-
cant changes in T-cell frequencies (of total leukocytes) or T-cell memor subset distribution
were noted in either patient group (Fig. S2). These findings illustrate that regulatory and
non-regulatory lymphocyte subsets may be differentially affected by gemcitabine chemothe-
rapy.

Gemcitabine depletes MDSCs in mesothelioma correlating with improved T-cell proliferation

Gemcitabine has previously been reported to deplete MDSCs but whether this occurs in
mesothelioma or affects T-cell proliferation in vivo remains largely unknown. We assessed
CD11b+CD33+HLADRMDSC frequencies by direct ex vivo measurement following ficoll-den-
sity gradient centrifugation and could confirm significant MDSC-reduction by gemcitabine in
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patients (Fig. 2A). The magnitude of MDSC-reduction significantly correlated with CD4+ T-hel-
per and CD8+ T-cell but not NK-cell proliferation, strengthening results by others showing
T-cell suppressive capacities of MDSCs in vitro (Fig. 2B) . Other myeloid cell subsets available
in a subset of patients showed less interference of gemcitabine, with only plasmacytoid den-
dritic cells (pDC) being significantly increased following treatment, which is in line with earlier
data in pancreatic cancer patients (Fig. S3) . These data show that the decreased MDSCs in
peripheral blood of mesothelioma patients during gemcitabine therapy were paralleled by an
increased T-cell proliferation.

Gemcitabine promotes an activated T-cell and NK-cell phenotype

In order to complement our understanding of how gemcitabine alters T-cell phenotype
and aid rational combination therapy selection, we analysed the expression of a variety of
co-inhibitory and stimulatory receptors on peripheral blood lymphocytes in our patient co-
hort (Fig. 3A). Percentages of receptor-positive cells mirrored median fluorescent intensity
(MFI) values enabling MFI for further analysis (Fig. S4). Besides PD-1, which was significant-
ly increased on CD8+T cells in gemcitabine-treated patients only, the majority of inhibito-
ry receptors changed with similar dynamics in both patients groups, albeit more markedly
following gemcitabine (Fig. 3B). In patients with a malignancy, NK cells have been reported
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Figure 4: Co-stimulatory-molecule expression is increased independent of T-cell memory subset Expression of ICOS,
HLA-DR and PD-1in different CD8+ T cell stages of differentiation before and after gemcitabine administration. Wilcoxon
matched-pairs signed rank tests were performed to calculate statistical significance. A total of 22 gemcitabine-treated
patients was included in the analysis. PD-1 = programmed cell death protein 1, ICOS = inducible co-stimulatory molecule,
HLA-DR = human-leukocyte antigen DR, Tn = naive T cell, Tcm = central memory T cell, Tem = effector memory T cell,
Temra = terminally differentiated T cell, MFI = mean fluorescent intensity, ns = not significant, * = p<0.05, ** = p<0.01,
% = p<0.001, **** = p<0.0001.
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to express several co-inhibitory receptors including TIM-3 which has been associated with
increased NK-cell maturation but diminished functionality upon TIM-3-ligation . NK cells
expressed CTLA-4, LAG-3, TIM-3 and CD39, of which the latter two were significantly incre-
ased in the gemcitabine group but not in the control group (Fig. 3B). As the upregulation of
co-inhibitory receptors is associated with both exhaustion and activation of lymphocytes,
we assessed costimulatory receptor expression on T- and NK-cells to attempt to differenti-
ate between these cellular states. As opposed to co-inhibitory receptors whose expression
was heterogeneously altered following gemcitabine, co-stimulatory markers including ICOS,
CD28 and HLADR were uniformly increased on both T- and NK cells in treated patients (Fig.
3C). Interestingly, these changes did not correlate with decreasing MDSC-frequencies nor
were they related to the magnitude of Treg-proliferation which we found to be decreased
following gemcitabine treatment earlier (Figure S5). These findings suggest that, whereas
T-cell proliferation relates to MDSCs, the activation phenotype does not. T-cell activation in
turn may result from direct gemcitabine-mediated modulation or indirectly via effects on
tumour cells °. T-cell activation due to increased (tumour-derived) antigen recognition was
deemed unlikely as gemcitabine did not affect or induce activation of effector-memory T cells
specifically. Gemcitabine treatment rather increased activation marker expression across all
memory subsets investigated, including naive T-cells (Fig. 4).

Gemocitabine does not alter cytokine expression by T cells

In addition to co-inhibitory and stimulatory receptor expression on circulating T cells,
we assessed cytokine- and granzyme-production capacity by stimulating PBMCs in vitro
with PMA/ionomycin followed by intracellular staining. In contrast to aforementioned surfa-
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Figure 5 Increases in NK- and PD-1+T-cell proliferation following gemcitabine correlate with clinical outcome Kaplan-Mei-
er (KM-) curves showing differences in progression free- (PFS) and overall survival (OS) between patients exhibiting an
increase (green) or decrease (red) of selected immune parameters following gemcitabine (GEM). 22 gemcitabine-treated
patients were included in the analysis. Log-rank tests were applied. NK = natural killer, PD-1 = programmed cell death
protein 1, HR = hazard ratio, Cl = confidence interval.
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ce-markers, cytokine production did not statistically differ in treated and untreated patients
although a trend towards increased expression was appreciated in gemcitabine-treated pa-
tients (Fig. S6A). Cytokine and granzyme-expression was found to be strongly coupled to spe-
cific memory T-cell subsets (Fig. S6B). Specifying cytokine expression (e.g. IFN-g) to memory
subsets yielded increased expression for high cytokine-producing subsets after gemcitabine
although this did not reach statistical significance (Fig. S6C, data not shown).

Immune monitoring identifies lymphocyte parameters associated with response to gemci-
tabine

Although we detected increased markers of T- and NK-cell activation in gemcitabine-trea-
ted patients, the biological and clinical relevance of these findings remains unknown. Relating
the investigated parameters to patient outcomes may also further define whether gemcita-
bine-mediated immune effects could potentially drive disease outcome. Furthermore, as OS
was not significantly improved by gemcitabine in the intention to treat-population, biomar-
kers for patient stratification are warranted. We correlated the expression of key parameters,
which were significantly altered by gemcitabine, to patient OS and PFS in both the gemcita-
bine-treated patients and the BSC-cohort, to detect which parameters indicated potential
clinical benefit. We found that patients, showing an increase in NK-cell proliferation following
gemcitabine, had a significantly better PFS and OS (HR for OS: 045, p = 001, HR PFS: 048, p =
001, Fig. 5). In addition, an increase in PD-1-expression on proliferating (but not total) CD8+
T cells was associated with improved clinical outcome (HR OS: 043, p<001, HR PFS: 056, p =
004). These parameters did not correlate with improved clinical outcome in BSC-treated pa-
tients, suggesting a gemcitabine-specific response (Fig. S7A). ICOS-expression in CD8+ T cells
was near uniformly increased following gemcitabine except in one patient who coincidentally
experienced progressive disease and death soon after treatment with gemcitabine (HR for
increased vs. decreased ICOS-expression OS: 022, p = 003, HR PFS: 022, p = 003, Fig. S7B).
The magnitude of ICOS-induction by gemcitabine further correlated with improved response
to therapy albeit not significantly (Fig. S7C). These findings derived from a small exploratory
cohort analysis suggest that key gemcitabine-induced immune effects might be associated
with a survival benefit. This might help to better understand the interaction between and
predict the efficacy of chemotherapy and immunotherapy.

DISCUSSION

Using comprehensive immune monitoring of peripheral blood in mesothelioma patients
treated with gemcitabine, we uncovered widespread myeloid and lymphoid immune modu-
lation that might associate with treatment response. The alterations in T- and NK-cell proli-
feration and activation that were detected have not been previously reported for this kind
of chemotherapy and tumour type. The increased PD-1 and ICOS-expression on lymphocy-
tes following gemcitabine furthermore suggests that the combination of gemcitabine with
immunotherapy using antagonistic and agonistic antibodies to PD-1 and ICOS, respectively,
might be efficacious. These findings are of particular importance, as anti-PD-1 monotherapy
was recently found to be ineffective in the majority of mesothelioma patients, emphasizing
the demand for novel drug combinations to sensitize mesothelioma to immune-checkpoint
inhibitors. * In line with our suggestions are recent data by Tallon de Lara et al., showing
increased efficacy of gemcitabine-anti-PD-1 treatment in a preclinical mesothelioma model
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and radiographic responses in two mesothelioma patients following combination therapy **.
Further randomized studies are needed to confirm whether these combinations are effec-
tive in larger patient cohorts. As gemcitabine is widely used for a variety of cancer including
pancreatic cancer, breast cancer and nonsmall cell lung cancer (NSCLC), these findings could
potentially be extrapolated to other tumour types as well.

The pleiotropic functions of gemcitabine on a wide variety of immune cells in vivo without
functional in vitro data, preclude us from pinpointing which cellular mechanisms are mainly
responsible for therapeutic benefit. Furthermore, we documented a significantly increased
proliferation of NK-cells and decreased Treg-proliferation in gemcitabine-treated patients,
while cell frequencies remained largely unaltered in peripheral blood. Although our method
of cell isolation precludes proper enumeration of cells, several explanations could account for
this discrepancy. First, as we assessed cellular states following the first cycle of chemotherapy,
a change in proliferation would likely precede consequent changes in cell frequencies, which
may become apparent at later time points. Secondly, whereas cellular state characterized by
markers such as Ki-67, PD-1 and ICOS may offer a snapshot of underlying T-cell biology, cir-
culating cell frequencies may not adequately reflect what happens in tumours. Although we
did not have pre- and post-treatment tumour tissues, preclinical findings by others confirm
increased NK-cell infiltration and decreased MDSC-frequencies into gemcitabine-treated tu-
mours . The fact that the investigated patients were only recently pre-treated with first-line
chemotherapy could further influence circulating leukocyte frequencies. Whether this also
accounts for the observed decrease in CD8+ T-cell proliferation in BSC-patients, or whether
this is due to differences in time to disease progression, remains unknown. Furthermore, fac-
tors like concurrent infection or other comorbidities could have influenced the effects obser-
ved in our analysis. However, clinical and laboratory assessments were captured at baseline
and after three weeks (at start of the second treatment cycle) and these did not reveal clear
confounding factors. Moreover, by including a non-gemcitabine (BSC)treated patient cohort
first-line treatment induced alterations and confounding factors independent of treatment
should have been comparable between both patients groups, increasing the likelihood that a
real difference between the two groups was detected. Further investigations e.g. in pre-clini-
cal disease models and functional in vitro studies in larger patients cohorts will be needed to
formally establish causality of the observed immunological alteration in gemcitabine-treated
mesothelioma patients.

As opposed to T-cell proliferation, which was tightly correlated to MDSC-frequencies, NK-
cell proliferation and increased lymphocyte activation were not, suggesting that other me-
chanisms could be responsible for these shifts in phenotypes. Gemcitabine has recently been
reported to increase tumour NKG2D-ligand expression in vitro ?°, which could explain the
increases in NK-cell proliferation and activation. In addition, gemcitabine has been found to
increase tumour-antigenicity in mesothelioma mouse models by increasing antigen-presen-
ting cell (APC) MHC-expression and promoting crosspresentation of tumour-antigens leading
to increased tumour control **, Although we did not assess tumour-specific immune res-
ponses, we observed increased expression of activation markers in both naive- and memory
T-cell subsets, unlikely reflecting novel effector-T-cell clone induction. Whether this global
change in T- and NK-cell activation resulted from direct effects of gemcitabine on lymphocy-
tes, or from increased tumour adjuvanticity (e.g. by release of inflammatory mediators from
dying tumour cells, as has been reported for gemcitabine) remains to be investigated *°.

Although gemcitabine did not uniformly or significantly increase circulating PD-1+/Ki-67+
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CD8&+ T cells (data not shown), an increase was associated with improved clinical outcome
(Fig. 5) similar to recent reports identifying a similar population to associate with antiPD-1
therapy response in NSCLC and melanoma * . Although the exact nature of this phenoty-
pe remains to be identified, these cells showed significant overlap with tumour-infiltrating
T cells in previous analyses, which, irrespective of the type of treatment, inferred durable
tumour control *°.

Our exploratory study design bears some important limitations. Although our sample size
was limited with regard to the total NVALT19 population, we could show that our cohort was
representative of the total study population with comparable clinical outcomes and patients
characteristics (Table S1, Fig. S9). It is tempting to speculate whether the observed outliers
also correlate with alternative clinical outcomes, as is shown for ICOS-expression which incre-
ased in all but one patient in response to gemcitabine, with that patient performing poorest
(Fig. S7). The limited cohort size and absence of a validation group precludes formal con-
clusions to be made on the effects of gemcitabine on circulating immunity and therefore
should be considered exploratory. Nonetheless, the results from this pilot study indicate im-
mune-mediated anti-cancer efficacy of gemcitabine, warranting further research into these
phenomenon in larger cohorts.

We report novel observations on circulating T- and NK-cells in gemcitabine-treated meso-
thelioma patients in a subset of patients from the NVALT-19 trial. These findings suggest
preferential activation of anti-tumour immune cell populations and inhibition of Tregs and
MDSCs. These pilot data, if validated in larger prospective cohorts, may provide a platform
for future development of on-treatment biomarkers that predict improved patient outcome.
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Figure S1 Proliferation is decreased in activated Treg and Foxp3-expressing Th-cells following gemcitabine treatment A,
Representative flow cytometry plot of regulatory T cells (Tregs) gated according to Miyara et al. using CD45RA and FoxP3.
Activated Tregs (aTregs) are the highest expressers of Ki-67, CD39 and ICOS on baseline as compared to resting Tregs
(rTregs) or FoxP3-positive T-helper cells (bar graphs showing means with SEM). Wilcoxon matched-pairs signed rank tests
were performed to calculate statistical significance. A total of 22 gemcitabine-treated patients was included in the analysis.
B, Proliferation as determined by Ki-67 expression between the different FoxP3-expressing CD4+ T-cell subsets. hi = high,
int = intermediate, MFI = mean fluorescent intensity, ns = not significant, *** = p<0.001, **** = p<0.0001.
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Figure S2; Gemcitabine does not alter T-cell memory phenotype. Representative dot plot of T-cell memory subsets (CD8+
T-cells are shown) based on the membrane markers CD45RA and CCR7. A heatmap displays the mean changes in pro-
portions of T-cell memory subsets following gemcitabine or best-supportive care (BSC). CCR = chemokine C-receptor,
Tn = naive T cell, Tcm = central memory T cell, Tem = effector memory T cell, Temra = terminally differentiated T cell, ns
= not significant.
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Figure S3 Plasmacytoid DCs are increased in peripheral blood following gemcitabine Changes in monocyte- and dendritic
cell (DC)-subsets following gemcitabine or best-supportive care (BSC) in a subset of patients from figure 2. Wilcoxon
matched-pairs signed rank tests were performed to calculate statistical significance. (n=11 GEM- and n=12 BSC-treated
patients included). cDC = conventional dendritic cell, pDC = plasmacytoid dendritic cell, ns = not significant, ** = p<0.01.
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Figure S4 Similar effects of gemcitabine on immune cells when expressed changes in percentage positive. Change in
percentages of PD-1, CTLA-4 and ICOS on CD8+ T cells following gemcitabine as opposed to MFI depicted in Figure 3. A
correlation is shown between PD-1 MFI and percentage positive in CD8+ T cells (both gemcitabine and best-supportive
care patients included). Wilcoxon matched-pairs signed rank tests were performed to calculate statistical significance. A
total of 22 gemcitabine-treated patients was included in the analysis. Pearson correlation coefficient was calculated in case
of MFI vs percentage PD-1 positive and a Pearson’s r was generated. PD-1 = programmed cell death protein 1, CTLA-4 =
cytotoxic T-lymphocyte-associated protein 4, ICOS = inducible co-stimulatory molecule, MFI = mean fluorescent intensity,
ns = not significant, * = p<0.05, *** = p<0.0071, **** = p<0.0001.
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Figure S5 No correlations between lymphocyte receptor expression and Treg proliferation or MDSCs a, Correlations be-
tween the changes in PD-1/CTLA-4/ICOS MFI with changes in MDSCs and b, Treg-proliferation in peripheral blood fol-
lowing gemcitabine (GEM) treatment. Spearman correlation coefficients were calculated and a Rho was generated for 17
gemcitabine-treated patients of whom matched T-cells and MDSCs were available. MDSC = myeloid derived suppressor
cell, Treg = regulatory T cell, PD-1 = programmed cell death protein 1, CTLA-4 = cytotoxic T-lymphocyte-associated pro-
tein 4, ICOS = inducible co-stimulatory molecule, MFI = mean fluorescent intensity
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Figure S6 Gemcitabine is not associated with increased cytokine or granzyme expression in lymphocytes a, heatmap
showing mean changes in cytokine/granzyme-B expression before and after gemcitabine (GEM) or best-supportive care
(BSQ) in different lymphocyte subsets. b, expression of intracellular effector molecules in different CD8+ T-cell memory
subsets on baseline. ¢, expression of IFN-y by different CD8+ T-cell memory subsets following gemcitabine. Wilcoxon
matched-pairs signed rank tests were performed to calculate statistical significance. All included patients were used to
compute b, whereas 22 gemcitabine-treated patients were included in c. GzmB = granzyme B, IFN-y = interferon-gamma,
IL-2 = interleukin 2, TNF-a = tumour-necrosis factor alpha, IL-10 = interleukin 10, NK = natural killer, Th = T-helper, Tn

= naive T cell, Tcm = central memory T cell, Tem = effector memory T cell, Temra = terminally differentiated T cell, ns =
not significant.
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Figure S7 Parameters associated with clinical outcome in gemcitabine-treated patients are not detected in control patients
a-b, Kaplan-Meier (KM-) curves showing differences in progression free- (PFS) and overall survival (OS) between patients
exhibiting an increase (green) or decrease (red) of selected immune parameters compared to baseline. Log-rank tests
were used determine statistical significance. ¢, the median change in ICOS-expression in the total group (GEM + BSC)
compared to baseline (+20%) is shown. NK = natural killer, PD-1 = programmed cell death protein 1, ICOS = inducible
co-stimulatory molecule, HR = hazard ratio, Cl = confidence interval.
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analysis (n=55)
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_____________ » - insufficient sample quality (n=12)

- different processing method (n=4)

- not measured for cytometry (all BSC, n=8)

24 paired patient samples including both MDSC- and T-cells

+ 11 patients with only T-cell data available (total n=35)
+ 11 patients with only MDSC data avalaible (total n=35)

Figure S8 Flowchart illustrating inclusion of study samples for immunomonitoring. MDSC = myeloid-derived suppressor

cell, BSC = best-supportive care.
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Figure S9 No differences in progression-free survival between immunomonitored patients and the complete NVALT19
cohort. Individual progression-free survival (PFS) KM-curves of all BSC- (blue) and gemcitabine (red) treated patients in
the NVALT19-study (dotted line) those included in the immunomonitoring cohort (closed line) and not included (dashed
line). The hazard ratio (HR) of the subgroup (0.62, 95% Cl -1.487-0.137) is similar to that observed in the entire NVALT19

cohort (HR 0-48; 95% Cl, 0-33 to 0-71; p =0-0002).
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Table S2. Flow-cytometry panels used for the immune characterization studies. In case of a; a backbone was constructed
using the markers in the left column with additional co-inhibitory, -stimulatory and cytokine/granzyme markers being
added in the individual panels. b, lymphocytes were excluded from myeloid cell analyses by selecting lineage (CD3, CD19

or CD56) negative cells.

WHO performance score
16 (59)
11 (47)
0

Best response to first-line treatment

Complete response 2 (7)
Partial response 6 (22)
Stable disease 19 (70)

26 (57)
19 (41)
1

1)
26 (40)
38 (58)
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