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1 | INTRODUCTION

Renal-cell carcinoma (RCC) accounts for about 5% and 3% of all
malignancies in men and women respectively, and at diagnosis
almost 15% of these tumors shows metastasis [1]. Metastatic renal-
cell carcinoma (mRCC) has a poor prognosis, although a progressive
improvement in median overall survival (OS) has been observed
after the introduction of targeted therapy [2]. Since 2015, the man-
agement of mRCC was revolutionized by the introduction of
immune checkpoints inhibitors (ICl), that is, anti-cytotoxic T-
lymphocyte associated protein 4 (CTLA-4, or CD152), anti-
programmed cell death-1 (PD-1, or CD279), and anti-programmed
death-ligand 1 (PD-L1, or CD274) monoclonal antibodies [2-4].
CTLA-4 and PD-1/PD-L1 are key elements in immune tolerance
and main regulators of T-cell-mediated antitumor immune
response, respectively [5]. During the past few years, significant
increase in life expectancy, together with lasting responses, allowed
the approval of different combinations of drugs for treating mRCC
patients, in both first- and second-line settings, that are:
(i) nivolumab (anti-PD-1), administered either alone or in combina-
tion with ipilimumab (anti-CTLA-4), or with the multikinase inhibi-
tor cabozantinib; (ii) of pembrolizumab (anti-PD-1), given in
combination with axitinib or lenvatinib; and (iii) avelumab (anti-PD-
L1), used in combination with axitinib [3,6-8]. ICl have dramatically
modified the prognosis of several patients with mRCC, but unfortu-
nately only a subset of patients benefits from these treatments [9].
The reasons at the basis of the lack of benefit are still largely
unknown.

Basic and clinical research is focusing on the immunological
effects of checkpoint inhibitors to identify predictors or early
indicators of response. Monitoring of peripheral immune cells is
very attractive, given the ease of blood sample collection and
the possibility to follow different parameters over time [10].
Indeed, a large body of studies describes changes in peripheral
markers after the treatment with ICl in different types of can-
cers [11].

Even if compelling efforts have been made to characterize the
mode of action of immunotherapies and identify markers that could
predict a clinical response in patients, currently there are scanty data
regarding changes among peripheral blood mononuclear cells (PBMC)
in mRCC. Recently, advanced clear-cell RCC was dissected via spa-
tially segregated multimodal single-cell genomics [12]. It was found
that great heterogeneity was present within and between patients,
with enrichment of CD8A+- tissue-resident T cells in a patient respon-
sive to immune checkpoint blockade, and tumor-associated macro-

phages in a resistant patient [12].

Here, we used high-parameter flow cytometry to address the
impact of PD-1 inhibition on circulating immune cells in patients
with mRCC.

2 | MATERIALS AND METHODS

21 | Patients
The study was conducted on 19 patients with metastatic renal carci-
noma treated with standard-of-care nivolumab at the Division of
Oncology—Azienda Ospedaliero Universitaria di Modena and Reggio
Emilia. According to RECIST, 5 patients were classified as responders
(R) and 14 as nonresponders (NR). The clinicopathologic characteristics
of patients are reported in Table 1. According to the international met-
astatic RCC database consortium (IMDC) 60% of R patients had a good
prognosis and 64.3% of NR patients had an intermediate prognosis.
The mean age of the total cohort was 69 years (range 55-81).
Eighty-four percent of patients showed lung metastasis. All patients
had previously received other therapies: 52.7% received one previous
therapy, 31.5% received two previous therapies, and 15.8% received

three previous therapies.

2.2 | Blood collection

Blood samples (up to 30 ml) were obtained after informed consent
through the Azienda Ospedaliero Universitaria di Modena and Reggio
Emilia. Approval of study protocols was obtained by the local ethical
committee (Protocol AOU 195/2016). Blood was obtained before
therapy (hereafter indicated as TO), and after the first, second, and
third cycle of therapy (hereafter indicated as T1, T2, and T3, respec-
tively). All patients were treated with the immune checkpoint inhibitor
Nivolumab, an anti-PD1 drug, every 14 days. PBMC were isolated
according to standard procedures and stored in liquid nitrogen until
use [13].

2.3 | Polychromatic flow cytometry

A 28 parameter/26-color flow cytometry panel was optimized to
broadly characterizes T cell differentiation and activation along with
markers that are target or are involved in immunotherapy response
(CD3, CD4, CD8, CD45RA, CD197, CD28, CD27, CD127, CD95,
CD98, CD71, CD25, HLA-DR, CD38, CD39, CXCRé4, CCR4, Kl67,
T-bet, granulysin, PD-1, BTLA, CD57, CD244, and ICQOS). Moreover,

85U8017 SUOWILIOD BAIE8.D 8|qedl(dde aupy Aq peusenob a1e Sspe YO ‘8sN JO S8|nJ o} A%eiq1T8UlUO A1 UO (SUONIPUOD-PpUR-SWBIL0D A8 | 1M Afe1q 1 Ut |UO//SdNL) SUORIPUOD Pue SWe 1 84} 89S *[£202/90/50] U0 AriqiTaulluo A1 Bl BUR.ILR0D Ad 2952 e 01A0/200T OT/I0p/Wo0" A3 1M Ae.q 1 puluoy/Sdiy wolj pespeojumod ‘2 ‘220z ‘0E6726ST



DE BIASI ET AL a 599
@!SAC | CYTOMETRY
i Journal of Quantitative Cell Science
TABLE 1 Demographic and clinical characteristics of patients cell surface PD-1 bind by Nivolumab. This latter antibody cocktail has
Responders Nonresponders been used for all the time points except TO and does not contain anti-

Variable (n=15) (n= 14) PD1 mAb.

Demographic characteristics Briefly, cryopreserved samples were thawed in R10 medium, that
Age, mean year (range) 71 (58-82) 70.9 (56-81) is, RPMI supplemented with 10% fetal bovine serum (FBS), 100 U/ml
Male sex, N (%) 4(80) 11(78.5) penicillin, 100 pug/ml streptavidin, 2 mM L-glutamine, 20 mM HEPES

Th Fisher, E , OR) and 20 | DNase | f bovi -
BMI Kg/ma, mean (range) 264(207-  23.5(183- (ThermoFisher, Eugene, OR) and 20 pig/ml DNase | from bovine pan
31.8) 28.5) creas (Sigma-Aldrich, St. Louis, MO) [13]. After washing with phos-

Clinical characteristics phate buffer saline (PBS), cells were stained immediately with the

SIS [ 12 (4-22) 12.1 (4-30) Zombie Aqua Fixable Viability kit (BioLegend, San Diego, CA) for
(range) 15 min at room temperature. Then, cells were washed and stained
Fuhrman grade of renal-cell with the combination of monoclonal antibodies (mAbs) purchased
carcinoma from either Becton Dickinson Biosciences (BD, San José, CA), Bio-
1or2,N (%) 1(20.0) 6(42.8) Legend, or eBioscience/ThermoFisher (Eugene, OR), as listed in
3or4, N (%) 3 (60.0) 5 (35.7) Table S1, that reports also the fluorochromes bound to the different
Unknown. N (%) 1(20.0) 3(21.5) monoclonal mAbs, that had been previously titrated to define the
optimal concentration. Chemokine receptors were stained for 20 min
Tumor stage
at 37°C. Intracellular detection of KI-67, granulysin and T-bet was
T1, N (%) 1(20.0) 5(35.7) R ) o
performed following fixation of cells with the FoxP3 transcription fac-
T2, N (%) 3(60.0) 3(21.5) . L. . .
tor staining buffer set (eBioscience/ThermoFisher) according to manu-
0,
ek b ) et s facturer's instructions and by incubating with specific mAbs for
Tx, N (%) 0(0) 2(14.3) 30 min at 4°C. Samples were acquired on a FACS Symphony A5 flow
Median number of 2.7 (2-5) 2.7 (1-6) cytometer (BD Biosciences) equipped with five lasers (UV, 350 nm;
tastatic sit: .
metastatic sites (range) violet, 405 nm; blue, 488; yellow/green, 561 nm; red, 640 nm) and
Location of metastasis capable to detect 30 parameters. Flow cytometry data were compen-
Lung, N (%) 5(100.0) 11(78.6) sated in FlowJo by using single stained controls (BD Compbeads incu-
Liver, N (%) 0(0) 2(14.3) bated with fluorochrome-conjugated antibodies) [13]. Gating strategy
Lymph nodes, N (%) 5(100.0) 5(35.7) is shown in Figure S1A, and representative dot plots for different
Pancreas, N (%) 1(20.0) 3(21.4) markers are shown in Figure S1B,C. All the antibodies used in the
IMDC prognosis panel are reported in Table S1.
Good 3(60.0) 1(7.1)
Intermediate 2 (40.0) 9 (64.3)
Poor 00) 4(28.6) 24 | High-dimensional flow cytometry data

Blood parameters anaIYSIS

Basal white blood cells, N/ul 6351 6483 . . .
Flow cytometry standard (FCS) 3.0 files were imported into FlowJo
Basal neutrophils, mean N/pl 4259 4439 . . X
software version 10, compensated and biexponentially transformed.
Basal | hocytes, N/ul 1580 1579 X
asal lymphocytes, mean N/ Then debris, aggregates, doublets, and dead cells were excluded.
Basal CRP, mean mg/L 4.4 47 Overlaying fluorescence histograms of all samples were used to iden-

Previous therapy tify differences in staining, background fluorescence and transforma-
One previous therapy, N (%) 3(60.0) 7(50.0) tion (using Flowjo). The following markers HLA-DR, ICOS, and Kié7
Two previous therapies, N (%) 0 (0) 6 (42.8) were excluded from the analysis due to batch error across multiple
Three or more previous 2 (40.0) 1(7.2) batches. We imported basic FlowJo workspaces into R to create a gat-

therapies, N (%)

the panel was optimized to identify the expression of PD-1 in T cells
isolated from patients treated with anti-PD-1 (either nivolumab or
pembrolizumab) as anti-lgG4 was used to recognize the anti-PD-1
bound to PD-1 [14]. Two antibodies cocktail were prepared for
staining: one that contains anti-PD1 (clone EH12.1) used for the
detection of the expression of PD-1 at TO, that is, before therapy initi-
ation; the other antibody cocktail with anti-lgG4 for the detection of

ing set by using flowWorkspace (v4.0.6). For CD8+ T cell analysis,
“Live CD8” T cells gate was selected as startingNode and manually
set channel bounds according to the FlowJo marker's distribution.
FAUST makes minimal assumptions about the distribution of markers,
according to this it detects the different sub-population in a data-
driven fashion. To perform this, FAUST generates an annotation for-
est for each experimental unit (each sample). Then, FAUST calculates
a standardized set of boundary thresholds and the separation-score
“depth score” for each marker by sample. The depth score quantifies

how consistently a marker separates into subpopulations in the
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annotation forest. Next, after the selection of a subset of high-scoring
markers in the panel, FAUST use the sample-specific marker boundary
to perform the clustering (annotation). In our analysis, the following
markers showed the highest “depth score” and were selected for
clustering: CD45RA, CD57, TBET, CD28, CD127, CD38, CCR7,
GRANULYSIN, CD95, CXCR6, and PD1 (Indicated as PD1_IGG4). For
CD4+ T cell analysis, “Live CD4” T cells gate was selected as star-
tingNode and manually set channel bounds according to the FlowJo
marker's distribution. The following markers showed the highest
“depth score” and were selected for clustering: CD45RA, CD57,
TBET, CD28, CD27, CD127, CD38, CCR7, GRANULYSIN, CD95,
CD39, PD-1 (Indicated as PD1_IGG4). Analysis was performed
without downsampling. “FAUST” (v 0.5.1) was run by setting
tuning parameters “samplename” for the experimentalUnit and
“1” for nameOccuranceNum. The depthScoreThreshold and
selectionQuantile were selected analyzing the depth score line plots.
The final countMatrix was filtered choosing the clusters that were at
least 50% of samples with at least 200 cells for each phenotype. The
nonlinear dimensional reduction was performed using Uniform Mani-
fold Approximation and Projection (UMAP) algorithm (uwot v.0.1.8)
through makeAnnotationEmbedding function. Finally, all data were
graphed with ggplot2 (v. 3.3.2) using a custom script. UMAP represen-
tation of the CD8+ T cell landscape (all patients and all timepoints are
included) are reported in Figure S2. FAUST separation-score “depth
score” for each marker by sample for CD8+ and CD4+ T cells,
Ridgeplots for CD4 and CD8 T cells, UMAP projections of expression
of the indicated proteins for CD8+ and CD4+ T cells are reported in
Figures S3B and S4B. The percentage of CD4+ and CD8+ T clusters
obtained by FAUST analysis are provided as sourcedata file
(sourcedata_RCC).

2.5 | Invitro cytokine production

Thawed PBMC were rested for 4 h at 37°C and then in vitro stimu-
lated with anti-CD3/CD28 (1 ug/ml) (Miltenyi, Bergisch Gladbach,
Germany) and suboptimal concentration of IL-2 (10 ng/ml) (Miltenyi).
For each sample, at least 2 million cells were left unstimulated as neg-
ative control and 2 million cells were stimulated. All samples were
incubated with a protein transport inhibitor containing brefeldin A
(Golgi Plug, BD). [15]

A 12 parameter/10-color flow cytometer panel was optimized
to identify different subpopulations of T cells producing TNF, IFN-v,
and IL-2 that were detected after 16 h of incubation (Table S2).
For the quantification of intracellular cytokines, cells were fixed
with BD Cytofix/Cytoperm Fixation/Permeabilization Solution kit
(BD Biosciences) according to the manufacturer's instructions.
Samples were acquired on an Attune NxT acoustic flow cytometer
(ThermoFisher) equipped with four lasers (violet, 405 nm; blue, 488;
yellow/green, 561 nm; red, 640 nm) and capable to detect 14 param-
eters. Flow cytometry data were compensated in FlowJo by using
single stained controls as above. Gating strategy is shown in
Figure S5.

2.6 | Statistical analysis

Statistical analyses were performed using GraphPad Prism version
8 (GraphPad Software Inc., La Jolla), unless specified otherwise. To
compare distributions of manually gated subsets significance was
determined by Kruskal-Wallis test, unless otherwise specified in the
figure legends. Simplified Presentation of Incredibly Complex Evalua-
tion (SPICE) software (version 6, kindly provided by Dr. Mario
Roederer, Vaccine Research Center, NIAID, NIH, Bethesda, MD) was
used to analyze flow cytometry data on T cell polyfunctionality [16].
The two-way analysis of variance (ANOVA) with Bonferroni correc-
tion was used to test each sub-population for differential abundance
during the timepoint therapy in R versus NR.

3 | RESULTS

3.1 | mRCC patients displayed a decrease of TSCM
and increase of TEM cell percentages after therapy

Changes in CD8+ T cell dynamics have been investigated by using
28-parameters flow cytometry and analyzed by Full Annotation Using
Shape-constrained Trees (FAUST), a novel non-parametric method for
unbiased discovery of cell population in single-cell flow cytometry
[17]. Clustering was performed using differentiation and functional
markers such as CD45RA, CD57, TBET, CD28, CD127, CD38, CCR7,
GRANULYSIN, CD95, PD1, and CXCRé.

Sixty-one cell clusters were identified that represent the entire
differentiation spectrum of CD8+ T cells. In particular, we identified:
4 clusters of naive (N) T cell, 3 clusters of TSCM, 2 cluster of central
memory T cells (CM), 12 clusters of transitional memory (TM) cells,
13 clusters of effector memory (EM) T cells and 27 clusters of termi-
nally differentiated effector memory (EMRA) T cells (File S1 and
Figure S2).

First, statistical analyses were performed dividing patients on the
basis of the response to therapy. Responder (R, n = 5) and non-
responder (NR, n = 14) patients were compared for all the clusters
identified, but due to low number of patients responding to therapy,
we found similar percentages of clusters in R and NR (Figure S6) at all
timepoints. However, considering all patients treated with anti-PD1
(n = 19), we show that therapy was able to induce a redistribution of
the different subpopulations of CD8+ T cells (Figure 1 and Figure S7).
Naive compartment, identified as the cluster of cells that were
CD45RA+CD57-TBET-CCR7+CD28+CD127+CD38-GRANULYSIN-
CXCR6-CD95-PD1_lgG4-, decreases after the third cycle of therapy.
It is to note that, even before therapy, in these patients the percent-
age of naive T cell was very low. This could be congruent with the rel-
atively advanced age of mRCC patients (range 55-81 years) and with
the fact that their immune system could have been challenged by
10 years of disease (see Table 1 for demographic and clinical charac-
teristics of the patients included in the study). One of the underpin-
ning of T cell immune decline and cancer is that in the elderly there is

a reduction in the proportion of naive T cells and in their diversity,
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FIGURE 1 Percentages of 25 *
different subpopulations of
CD8+ T cells identified by 201 o
FAUST. Data represent individual
values, mean (centre bar) + SD
(upper and lower bars). N, naive;
TSCM, stem cell memory T cells;
CM, central memory; TM,
transitional memory; EM, effector ]
memory; EMRA, terminally k%
differentiated effector memory.
TO, before therapy; T1, after

1 cycle of therapy; T2, after

2 cycles of therapy; T3, after
three cycles of therapy. All the
populations have been defined in
the results section according to
their marker expression. The
following markers have been used
to define T cell subpopulations: -2
CDA45RA, CD57, TBET, CCR?7,

CD28, CD127, CD38, 1
GRANULYSIN, CXCR6, CD95,
PD1/1gG4. One-way ANOVA was
applied, p-value: * < 0.05;

** < 0.001 [Color figure can be
viewed at wileyonlinelibrary.com]

% NAIVE
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* %

% TM
o N A O

% EMRA, CD57+
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ilia

TO T1 T2 T3

leading to a dominant memory T cell pool [18]. After therapy,
TSCM subset, identified as CD45RA+CD57-TBET-CD28+CD127+-
CD38-CCR7+ GRANULYSIN- CXCR6-CD95+PD1_IgG4-, decreased
by 2.5-fold passing from a mean value of 3.26%, measured before
therapy, to 1.32%, measured after the third cycle of therapy
(Figure 1). Whereas TSCM cells are considered the most pluripotent,
CM cells are capable of give origin to EM subsets and to a cluster
of CM T cells (CD45RA-CD57-TBET-CCR7+CD28+CD127+-
CD38-GRANULYSIN-CXCR6-CD95-PD1_lgG4-) that increased after
the first, the second and the third cycle of therapy (Figure 1).

The effector memory compartments increased after therapy. A
total of 2 EM clusters were affected by therapy initiation (Figure 1).
Discrimination between distinct stages of human CD8+ T-cell
differentiation has often relied upon the cell surface expression
of CD27 and CD28, costimulatory molecules of distinctive func-
tions. Interaction of CD28 with CD80 and CD86 on antigen-
presenting cells amplifies T-cell proliferation and activation through a
series of direct effects. T cell differentiation has been proposed
wherein CD27+ CD28+ CD45RA+ naive cells progress through
a CD27+ CD28+ CD45RA- early antigen-experienced phenotype to
a CD27+ CD28- CD45RA-/+ intermediate phenotype and finally
to a CD27- CD28- CD45RA-+/- late antigen-experienced pheno-
type that parallels an increased cytotoxic potential and reduced
ability to proliferate [19]. Here, a TM subset, identified as
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CD45RA-CD57-TBET-CCR7-CD28+CD127+CD38-GRANULYSIN-

CXCR6-CD95-PD1_lgG4-, increased from a mean value of 0.21%,
measured before therapy, to 1.15%, measured after the third cycle of
therapy (Figure 1).

The expression of CD127, the alpha chain of IL-7 receptor, on cell
membrane is very important for T cell homeostasis and is a useful
marker for measuring long-living memory T cells. Most importantly, its
expression allows the distinction between memory and effector T
cells early after in vivo priming. EM subsets expressing or not CD127
(CD45RA-CD57-TBET-CCR7-CD28-CD127-/+CD38-GRANULYSIN-
CXCR6-CD95-PD1_lgG4-), increased after the third cycle of therapy.
In addition, CD45RA-CD57-TBET-CCR7-CD28+CD127+CD38+-
GRANULYSIN-CXCR6-CD95+PD1_IgG4- cells, identified as activated
EM, increased after the third cycle of therapy (Figure 1).

Previous studies have demonstrated that both T-bet and Eomes
are involved in the generation of effector and central memory CD8 T
cells. T-bet is an essential regulator of effector differentiation and
function in multiple different immune lineages. Inflammatory cyto-
kines induce T-bet expression, which in turn regulates distinct differ-
entiation outcomes. For example, T-bet can act as a fulcrum between
Th1 and Tfh cell differentiation, pathogenic and nonpathogenic Th17
cells, and CD8 effector and memory T cells. T-bet induces CXCR3
expression on multiple different lymphocytes promoting an effective

immune response by allowing the homing of different cells in the
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inflamed tissue [20]. EM clusters expressing TBET identified as
CD45RA-CD57-TBET+CCR7-CD28-CD127+/-CD38-GRANULYSIN-
CXCR6-CD95-PD1_IgG4-, increased after therapy, too (Figure 1).

CD45RA+CCR7- EMRA cells are found more frequently in the
CD8+ compartment, are generally negative for CD27 and CD28, and
display the shortest telomeres among T cells. EMRA cells express
markers of senescence, including KLRG-1, CD57, and phosphorylation
of histone H2AX, and have low proliferative and functional capacity
indicating terminal differentiation [21]. Moreover, CD8-+EMRA T cells
display a senescence-associated secretory phenotype regulated by
p38 MAPK [20]. Seven EMRA clusters were affected by anti-PD1
therapy. A cluster of EMRA expressing or not CD127, identified as
CD45RA+CD57-TBET-CCR7-CD28-CD127-CD38-GRANULYSIN-
CXCR6-CD95-PD1_IgG4-, increased after the third cycle of ther-
apy as well as a cluster of EMRA cells expressing CD28 (CD45RA+
CD57-TBET-CCR7-CD28+CD127-CD38-GRANULYSIN-CXCR6-CD95-
PD1_lgG4-) and one expressing TBET (CD45RA+CD57-TBET+-
CCR7-CD28-CD127+CD38-GRANULYSIN-CXCR6-CD95-PD1_IgG4-).
On the contrary, a terminally differentiated cluster of EMRA expressing
CD57, TBET and CD95 (CD45RA+CD57+TBET+CCR7-CD28-
CD127+CD38-GRANULYSIN-CXCR6-CD95+PD1_lgG4)
after therapy from (Figure 1).

decreased

Finally, CD4 T cell subset has been investigated. Two clusters out
of 44 have been modulated during the therapy. These clusters identi-
fied activated CM cells (CD45RA-CD95-CD39-CD57-CCR7+CD28+-
TBET-CD38+GRANULYSIN-CD127+CD27-PD1_IGG4-), which
decrease during therapy (p = 0.0263) and naive cells (CD45RA+
CD95-CD39-CD57-CCR7+CD28+TBET-CD38-GRANULYSIN-CD127+
CD27+PD1_IGG4-) whose percentage increase (p = 0.0336; Figure S8).

3.2 | Cytokine production is increased in more
undifferentiated cells after therapy

To ascertain the capability of therapy to reactivate the pro-
inflammatory function of CD8+ T cells, PBMC were in vitro
stimulated by using anti-CD3 plus anti-CD28. Then, the percent-
ages of CD8+ T cell subpopulations producing one or more
cytokines, such as IFN-y and TNF together with IL-2, were
quantified.

Overall, similar percentages of CD8+ T cells producing different
cytokines were found after therapy, but, looking at the different
subpopulations of T cells, we noted that TSCM as well as CM pro-
ducing IFN-y and TNF increased after the second cycle of therapy.
In terms of polyfunctionality, we found higher percentages of TSCM
able to produce simultaneously TNF and IFN-y. No differences were
found in terms of cells producing IL-2. This suggests that the pools
of more undifferentiated cells are able to exert pro-inflammatory
activity after in vitro stimulation (Figure 2). No differences in terms
percentages of cells producing IFN-y and TNF after therapy were
found among EM and EMRA (Figure S9) nor within CD4 T cell sub-
sets (Figure S10).

4 | DISCUSSION

Despite the impressive clinical improvements achieved with
immunotherapy in mRCC management, a large part of patients
eventually fails to respond to this therapy, due to the onset of pri-
mary or secondary resistance. Clinical definition of tumor resistance
to immunotherapy is clearly established, defining primary resistance
as the clinical scenario where a cancer does not respond to an
immunotherapy strategy, and secondary resistance as the clinical
condition in which a cancer initially responded to immunotherapy,
but after a period of time it relapsed and progressed [22]. Cur-
rently, a crucial unmet need is to early recognize primary refractory
mRCC, and thus every attempt to clarify mechanism of resistance
is necessary. The early identification of primary resistant patients
represents a major challenge in mRCC management to optimize
treatment strategies.

Our data suggest that anti-PD1 therapy induces a redistribu-
tion of peripheral CD8+ T cell subpopulations in mRCC patients.
The most relevant difference involves the decrease of Naive and
TSCM pools and the increase of effector memory compartment,
spanning from transitional memory cells to terminally differentiated
effector memory elements. These results outline how in primary
refractory patients an anti-PD1 treatment is active but not effec-
tive, resulting in early progression of disease with almost no clinical
benefit.

During the last decade, the immune response mediated by T
cells in cancer patients treated with ICI has been deeply investi-
gated by analyzing both tumor-infiltrating lymphocytes [23-26]
and circulating T cells [27-29]. It was found that distinct CD8+ T
cell subsets are enriched after immune checkpoint blockade, both
in the tumor and in peripheral blood. However, the mechanisms
at the basis of these changes have not been identified. Recently,
determinants of anti-PD-1 response and resistance in clear cell
renal cell carcinoma has been largely investigated with single cell
technologies revealing that nivolumab drives both maintenance
and replacement of previously expanded T cell clones. However,
only maintenance of these clones correlates with response
supporting the idea that maintenance and boosting of a
pre-existing response is a key element of anti-PD-1 mode of
action [30].

Here we show a redistribution of circulating T cells after anti-
PD1 therapy in with a reduction of the percentage of naive T cells
and with an increase of effector memory T cell compartment, likely
suggesting that the naive compartment is consumed after therapy
giving origin to EM cells, showing the discrepancy between treat-
ment activity and lack of response in primary refractory mRCC
patients.

We are well aware that this study has several limitations. The
first is represented by the relatively low number of patients
enrolled in the study, the lack of absolute lymphocyte count and by
their clinical characteristic, as all of them were treated with anti-

PD1 in second or third line of therapy and most patients not
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FIGURE 2 CD8+ Tecell
subpopulation cytokine production
evaluated after in vitro stimulation.
(A) Representative dot plots of
TSCM producing TNF and IFN-y
after in vitro stimulation before
(TO) and after two cycles of
therapy (T2). Percentage of cells
producing IFN-y and TNF is also
reported. Data represent individual
values, mean (center bar) + SD
(upper and lower bars). Kruskal-
Wallis one-way ANOVA was used
for statistical analysis (upper row).
Pie charts represent polyfunctional
response of TSCM after in vitro
stimulation before and after
therapy. Permutation test has been
used (lower row). RCC patients,

n = 6. (B) Representative dot plots
of TCM producing TNF and IFN-y
after in vitro stimulation before
(TO) and after two cycles of
therapy (T2). Percentage of cells
producing IFN-y and TNF is also
reported. Data represent individual
values, mean (center bar) + SD
(upper and lower bars). Kruskal-
Wallis one-way ANOVA was used
for statistical analysis (upper row).
Pie charts represent polyfunctional
response of TCM after in vitro
stimulation before and after
therapy. Permutation test has been
used (lower row). RCC patients,

n = 6 [Color figure can be viewed
at wileyonlinelibrary.com]
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mechanistic investigations. Third, the amount of cells that we could
obtain did not allow further functional investigation, and all the meta-

bolic aspects of the cells of interest still await a detailed analysis.
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